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ABSTRACT 

This chapter includes the description of different types of the polymer, 

blending mechanism, common sources of polymers and its application around home 

and abroad. The history of polymer modification, its benefits and drawbacks and 

field performance evaluation are also highlighted in this chapter. The use of polymer 

as a modifier of bitumen is not very new. Polymer modified bitumen (PMB) is 

becoming an increasingly important material for building and maintaining roads. 

Many countries have been using polymer with bitumen from the last few decades. 

Scientific research is going on the modification of bitumen with different types of 

polymer and pwposefully new types of polymers are being invented. Besides, some 

countries are trying to use scrap tyre, waste polythene bag, pet bottle and other 

waste plastic materials from the economic and environmental considerations. This 

chapter includes a brief discussion on these study reports. It also contains, a 

comprehensive review of literatures collected from different international journals 

as well as down loaded from the web site of different pavement construction 

and chemical companies. Finally, a summary of the literature review is given at the 

end of this chapter. 
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Chapter 1 
 

Introduction 
 
 

1.1 Background 
 

 

The demand for roads is increasing year after year. Sometimes there is an increase 

in the number of commercial vehicles with increased axle load and it is clear that 

this trend will continue in the future as well. Numerous research works in several 

countries have confirmed the beneficial effects of polymer other than bitumen. 

However, the main restriction in such modifications is the incompatibility of the 

polymer and bitumen matrix. Recently waste plastics have been used with 

beneficial effects in paving (BTF, 20008). 

 
 
 

 
Rheology is also defined in a different way as "the study of the flow of materials that 

behave in an interesting or unusual manner due to their good adhesion properties to 

aggregates with appropriate rheological properties for traditional paving and 

roofing applications.  

The above discussion suggests that improvements in the use of polymers in 

various countries as well as waste plastics in bitumen are very common, but 

related studies conducted in India are very few. 

 In this research laboratory tests as well as field demonstrations are carried out 

simultaneously using waste plastic as modifier. So it should be envisaged the 

possibility of disposing of troublesome waste plastics, because waste plastic can 

show similar performance to those, which contain virgin polymers. Thus the use of 

waste plastic like polyethylene as a bitumen-modifying agent may contribute to solve 

a waste disposal problem and to improve the quality of road pavements. Although the 

use of thin polythene shopping bag is prohibited in India in January, 2002, it is being 

extensively used all over the country. So it is no doubt that their increased volume 

will cause a great problem in the management of these environmentally hazard wastes. 

If these waste materials are made possible to use in pavements, it will reduce the cost of 

management of these disposed wastes and will be environmentally friendly. In view of 

these, the proposed study is very important and useful in the context of India. 
 

 



 
In order to experiment with the waste plastic (Low Density Polyethylene, Polyethylene, 

a thermostatically and mechanically controlled blending system capable of generating 

enough shear force would be used. Then different tests like density, viscosity, 

penetration, ductility, loss on heating etc would be conducted on waste plastic 

blended bitumen and thereby to observe the rheological properties of modified binder 

which is important in selecting a suitable cheaper modifier. After all necessary tests of 

the modified binder found to be satisfactory, a field demonstration on a particular 

segment would be done with this modified binder. At the same time another segment 

would be done with the traditional pure binder. 

 
 

1.4 Scope of the Study 
 

 
 

There are many types/forms of waste plastic pure and recycled forms of polymer but 

all of them are not compatible with bitumen and could not be used as a modifier if it is 

not properly blended. A mechanically and thermostatically controlled blender would 

be used for blending waste plastic. The selection of compatible waste plastic, production 

of blend, process of test and evaluation etc. require huge laboratory work. The 

investigation would be performed mainly on waste polythene and waste PET bottle. 

Finally field demonstrations would also be carried out to assess the field performances 

of waste blended bituminous road. 

 
 

1.5 The Research Program 
 

 
 

To full fill the objectives of this research work as well as to obtain adequate 

information and knowledge on polymer modification, first a comprehensive 

literature review on PMB would be carried out. Then trials would be given with 

different types of recycled polymer to select a compatible one to work with.



 
 
 
 
 
 
 

Review of literature on PMB 
 

 
 

Test of Compatibility of Waste Polymer 
 
 

Selection of Compatible Recycled Waste Plastic 
 
 

Preparation of Blend with Different Proportion of Waste plastic 
 
 

Parametric Test on Binders 
 

 
 

Preparation of Aggregate 
 

 
Selection of Appropriate Gradation 

 
 

Preparation of Marshall Specimens Using both Pure and Waste 

Plastic Modified Binder 
 

 
 

Test of Prepared Specimens 
 
 

Evaluation and Comparison of Results 
 
 

Field Demonstration and Performance Evaluation 
 

 
 

Conclusion and Recommendation 
 
 
 

Figure 1.1: Flow Chart Showing the Details of Project Work



 
 
 

Chapter 2 
 

Literature Review 
 

 
 

2.1 Introduction 
 

 
 

This chapter includes the description of different types of the polymer, blending 

mechanism, common sources of polymers and its application around home and abroad. 

The history of polymer modification, its benefits and drawbacks and field performance 

evaluation are also highlighted in this chapter. The use of polymer as a modifier of 

bitumen is not very new. Polymer modified bitumen (PMB) is becoming an increasingly 

important material for building and maintaining roads. Many countries have been using 

polymer with bitumen from the last few decades. Scientific research is going on the 

modification of bitumen with different types of polymer and purposefully new types of 

polymers are being invented. Besides, some countries are trying to use scarp tyre, 

waste polythene bag, pet bottle and other waste plastic materials from the economic and 

environmental considerations. This chapter includes a brief discussion on these study 

reports. It also contains, a comprehensive review of literatures collected from different 

international journals as well as down loaded from the web site of different pavement 

construction and chemical companies. Finally, a summary of the literature review is 

given at the end of this chapter. 

 
 

2.2 Modifier 
 

 
 

Additives, which are used to modify or improve the quality of virgin materials is simply 

called the modifier of it. Modifiers are blended directly with the binder or added to the 

asphalt concrete mix during production to improve the properties and or to performance 

of the pavement. It should be mentioned here that a huge quantity of bituminous 

binder is required every year for pavement construction. This quantity of bitumen terms 

from the petroleum product and natural sources. The sources of bituminous materials are 

not unlimited. Hence the researchers have been thinking of quality improvement of 

bitumen and trying to extend the live span of bituminous pavement since long ago.



 
 
 

To improve the rheological and mechanical properties of bituminous binder different 

types of additives are added to it in different forms and in different ways (Table 2.1). 

The recent trend of pavement industry is to use polymer as a modifier of bitumen as 

polymer is to some extent similar in nature to some constituents of bitumen. Bitumen 

itself is a complex mix of different compound. The major constituents of bitumen are 

asphaltenes and malthenes. Aromatic malthenes and asphaltenes content (Baker, 1998) 

play a major role in the suitability of bitumen modification. Due to the similar in nature 

polymer and copolymer of different category and grade are being used as the modifier 

of bitumen for its overall quality improvement. Polymer increases the viscosity (Murphy, 

et al, 2001) of bitumen and increases the thickness of coated film around the 

aggregates. Thus the adhesive and cohesive properties of bitumen are .improved. Natural 

rubber (in powder or latex form) (Kumar, et al, 2001) or recycled rubber dust 

(Hossain, et al, 1999) are another potential modifier of bitumen. The waste plastic 

(Scrap Polythene) (Panda, et al, 1999) is also possible to use in modification of binder. 

Table 2.1: Some Additives Used to Modify Bitumen 

Type of modifier Example 
 

Styrene-butadiene-styrene (SBS) 

Styrene-butadiene-rubber (SBR) 

Styrene-isoprene-styrene (SIS) 

Styrene-ethylene-butadiene-styrene (SEBS) 
 

Ethylene-propylene-diene terpolymer (EPDM)
Thermoplastic Elastomers 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thermoplastic Polymers 

 
Isobutene-isoprene copolymer (IIR) 

Natural rubber 

Crumb tyre rubber 

Polybutadiene (PBD) 

Polyisoprene 

Ethylene vinyl acetate (EVA) 

Ethylene methyl acrylate (EMA) 

Ethylene butyl acrylate (EBA) 

Atactic polypropylene (APP) 

Polyethylene (PE) 

Polypropylene (PP) 
 

Polyvinyl chloride (PVC)
 

 
Continued



 
 
 

Type of modifier Example 

Polystyrene (PS) 

Epoxy resin 
 

Polyurethane resin 
Thermosetting polymers 

Acrylic resin 
 

Phenolic resin 

Organo-metallic compounds 
 

Chemical modifiers Sulphur 
 

Lignin 

Cellulose 
 

Alumino-magnesium silicate 
 

Glass fibre 
Fibres 

Asbestos 
 

Polyester 
 

Polypropylene 

 
Adhesion improvers 

Organic amines 

Amides 

Amines 
 

Antioxidants Phenols 
 

Organo-zinc/Organo-lead compounds 

Trinidad Lake Asphalt (TLA) 

Natural Asphalts Gilsonite 

Rock asphalt 

Carbon black 
 

Hydrated lime 
Fillers 

Lime 
 

Fly ash 

[Source: Hossain, 2006]



 
 
 

2.3 Rubber 
 
 

This raw rubber is called latex. Latex contains about 30 percent dry rubber content. Latex 

is centrifuged to increase the percentage of rubber content in it. Natural rubber is 

vulcanized with sulphur and other materials to make it less susceptible to temperature. 

The tyres of vehicles and automobiles are made of vulcanized rubber. Rubber is more 

elastic than polymer. Both natural rubber and the crumb rubber from the used tyres of 

vehicles can be used for the modification of bituminous binder. Scrap rubber may be used 

in aggregate during pavement construction to improve riding quality (Infratech Polymers 

Inc.; Rubberized Asphalt Concrete Technology Centre, 2000) and reduce noise of 

vehicular movement. 

 
2.4 Polymer 

 
Polymer comes from the two Greek words "poly", which means many, and "meros", 

which means unit. A polymer may have one type of repeating unit of many different 

types of repeating units. A polymer is indeed made by covalently linking small simple 

molecules together. Polymeric molecules are gigantic in comparison to the hydrocarbon 

molecules. Therefore, they are often referred to as macromolecules. A single mer is called 

a monomer, and the term polymer means many mer units. As an illustration, a mer 

unit and the zigzag backbone structure of polyethylene are shown schematically in 

Figure 

2.1. Molecular structures of polymer can be classified into four different categories: (i) 
 

linear, (ii) branched, (iii) cross linked and (iv) network (Hossain, 2006). In linear



 
 
 

polymers, the mers are joined together end to end in single  

Polymers are visco-elastic material. Polymer will recover its original shape from 

deformation after the removal of stress. Again it will reach the flowing condition when 

heated to temperature near the melting point. The response of polymer can be classified 

into three types - elastic response, elastomeric response (time dependent elasticity) and 

viscous (plastic) response. The response of any polymer will depend upon the structure 

and the conditions of loading in terms of time and temperature. 

 
When mixes with bitumen the polymer will impart its elasticity and flow resistance to 

the bitumen if the polymer and the bitumen are compatible. Different types of polymers 

and copolymers are available in the market. Each type polymer may have different 

grade. All types of polymer available in the market cannot be used for modification of 

binder; some polymers are thermoplastic in nature whereas some are elastomeric. 

Elastomeric and thermoplastic polymers play an important role in the modification of 

bitumen. Bitumen modified with elastomer behaves very differently from conventional 

bitumen. It becomes more elastic throughout the temperature experienced on the road. 

At low temperature, it is less stiff and its ductility and Fraass breaking points (Shell 

Chemicals) are improved. 

 
2.4.1 Types of Polymers 

 
Polymer is a chemical compound. It is manufactured artificially in chemical industry to 

use in various purposes. Polymers can be classified according to their origin, structure 

chain, molecular weight, density, thermal and deformation properties etc. However, in 

asphalt research the focus falls on thermal and deformation properties. A simple 

classification of polymer based on their properties can be as follows: 

 
 

a) Thermoplastic Polymer (plastic like): Thermoplastics are the most common type 

of polymer used. These polymers deform in a plastic or viscous manner at melting 

temperatures and become hard and stiff at low temperatures, i.e. the structure is reversibly 

broken down with the application of heat. These types of polymer are linear



 
 
 

or slightly branched. These polymers can be melted and reshaped. They are recyclable. 

Thermoplastic polymers are used for pavement application. Examples of this type 

polymers are polyvinyl chloride (PVC), poly ethylene (PE), ethylene vinyl acetate (EVA), 

poly propylene (PP), polyethylene terepthalate (PET), linear low-density polyethylene 

(LLDPE), high-density polyethylene (HDPE), acronitrile butadiene styrene (ABS), 

polyethylene methacrylate (Acrylic). 

 
 

b) Elastomer (rubber like): An elastomer is a polymer that has a flexible 'rubber' 

backbone and large side-chains in its structure. The molecular structure of this type 

polymer is usually linear. The copolymers of this group have radial form of molecular 

chain. The most potential modifiers are available in this family. Examples of these 

types of polymers are styrene butadiene styrene (SBS), synthetic rubber, neoprene latex, 

natural latex etc. 

 
 

c) Thermo-harden Polymers: Thermo-harden or thermosetting polymers are heavily 

cross-linked polymers, which are normally rigid and intractable. They consist of dense 

three-dimensional molecular networks and degrade rather than melt on the application 

of heat. They are not recyclable. They cannot be remolded or reshaped if once 

manufactured to final product. The most common thermo-harden polymers are celluloid, 

bakelite, epoxy resins, poly euro thanes etc. 

 
 

Classification of Polymers Based on Different Basis 
 

 
 

a) Based on Structure 
 

Linear: The molecular chain of this type polymer is un-branched. It has low melting 

point and high flow index compared to others; such as linear low-density polyethylene 

(LLDPE), linier high-density polyethylene (LHDPE) and linier polypropylene (LPP) 

 
Nonlinear: The chain of this polymer is branched. This type of polymer has high 

melting point. 



 
 
 

b) Based on Density 
 
 

Low Density Polymer: The molecular weight of this polymer is less compared to 

other. Example of low-density polymer is LLDPE. 

 
High Density Polymer: The molecular weight of this type polymer is high compared 

to other polymers. Example of high-density polymer is HDPE (high-density 

polyethylene). 

 
c) Based on Physical Form 

 

Pellet: Most of the polymers available in the market are in pellet form. 
 

Powder: Polymer also available in powder or latex form. 
 

Latex: Natural rubber collected from the trees is in latex form. 
 

Recycled: Recycled rubber or polymer is at present being used in binder modification. 
 

 
 

d) Based on Deformation Properties: 
 

 
 

Elastomer: Elastomer exhibits high extensibility (up to 1000%) from which they recover 

rapidly upon removal of the stress. 

 
 
 

2.4.2 Identification of Potential Polymer as Modifier 
 
 
 

It is stated earlier that available polymers of all kinds is not used to improve the 

performance of bitumen. The polymers that are compatible with bitumen can improve 

its property. The compatibility of polymer with bitumen depends on not only the type 

of polymer but also on its structure, molecular weight and chemical composition. 

Compatibility also depends on the characteristics of base bitumen. The source of base 

bitumen, its constituent compound and its grade are the key factors (www.2001 link 

RACCTC) that determine weather the polymer will improve its quality or not. Hence 

the identification of potential compatible polymer is the first stage of modification of 

bitumen. Incompatible polymer cannot be blended with bitumen. The better way is to 

find compatible polymer is the preparation of several trial blends with the candidate

http://www.2001/
http://www.2001/
http://www.2001/
http://www.2001/
http://www.2001/


 
 
 

polymer and testing its properties. Ibrahim, et al (1998) at the King Fahad University 

has performed test on some selected polymers. To blend the polymer they assembled a 

special blender. The blender comprised of a shear blade, a heating oil bath and a DC 

motor capable of producing rotation up to 3000 rpm. They followed the recommendations 

of the manufacturer of the polymers to approximate the tentative polymer 

concentrations, blending time and blending temperature for each of the collected 

polymers. They have used 500 gm of base bitumen for each type of polymer to prepare 

blend. The homogeneity of blending was ensured by visual inspection using an optical 

microscope. They performed shear modulus test, phase angle test, and softening point test 

on the prepared blend. They also performed economic analysis on the blend. Based on 

the technical and economic analysis they suggested PP, LLDPE, SBS, CRT as 

appropriate polymers. Their recommended blending temperature for some selected 

polymers is presented in Table 2.2. 

 
 

Table 2.2: Recommended Blending Temperature for Some Selected Polymers 
 

 
Polymer Type 

Recommended blending 

temperature (°C) 

Maximum blending 

temperature (°C) 

Linear Low Density 
 

Polyethylene (LLDPE) 

 
160-170 

 
200 

Polypropylene (PP) 170-180 200 

Styrene-Butadiene-Styrene 

(SBS) 

 

160-170 
 

200 

Crumb Rubber 170-180 200 

[Source: Hossain, 2006] 
 

2.4.3 Polymer that can be used as Modifier 
 
 
 

Two basic types of polymer are used in modifying bitumen for road applications VIZ. 

thermoplastic and thermo harden. The product of thermo harden polymer cannot be 

remolded. So this type of polymer cannot be used as modifier of bitumen. Thermoplastic 

polymers are recyclable. Polymers that will be used as modifier of bitumen must be 

recyclable. In fact any thermoplastic polymer can be used as modifier of bitumen if it 

is compatible to bitumen. Thus selection of polymer to be used in bitumen primarily 

depends on compatibility. Any thermoplastic elastomer (TPE) (Shell



 
 
 

Chemicals) can be used as modifier based on economic and technical analysis. 

Investigations were made on low-density polyethylene (LDPE), poly propylene (PP) 

(Ibrahim, et al, 1998), ethylene vinyl acetate (EVA) (Panda, et al, 1999). Crumb rubber 

(CR) (Hussein et al, 1999), and recycled polyethylene (RPE) (Murphy, et al, 2001) by 

many investigators. EVA, CR and RPE have potential to be used in bitumen modification. 

Shell and Exxon chemicals introduce styrene butadiene styrene (SBS) and POLYBILT 

polymers respectively. These two polymers are specially manufactured to use as 

bitumen modifier. Shell chemicals supply SBS in powder or latex form. POLYBILT is 

available in pellet form. HEATEC (a chemical company) supplies polymer-bitumen 

blending system. Valley Slurry Seal (VSS), Colas, Vogele and Akzo Nobel are working 

with PMB. Rubberized roads are being built in USA, UK, Portugal, Egypt and Middle 

East .India is using waste polythene in pavement (BTF, 2008). 

 
 

2.4.4 Benefits of Polymer Modified Bitumen 
 

 
 

The purpose of polymer modification of bitumen is to construct durable pavement with 

greater stiffness and stability in Order to minimize maintenance cost. Use of polymer 

some time may increase cost of construction. In this case the benefit is evaluated by 

quality improvement of pavement. The use of RPE (recycled polyethylene) and CR 

(crumb rubber) give benefits in quality improvement and cost effectiveness as well as 

environmental hazards. The benefits of PMB are assessed in three ways (Hossain,2006) 

 
 

Quality improvement of binder: Polymers in bitumen improve the following quality 

of bitumen: 

 
 

• Polymer Increases binders viscosity that allows greater film thickness in paving 

mixes without excessive drain down or bleeding 

• It increases the binder's qualities to better cope with cracking and dynamic 

deformation of the pavement internal layers. 

• It improves the binder's behavior to fatigue by increasing its mechanical resistance 

particularly to tractive force. 

• It raises the softening point of binder that helps in reducing bleeding. 
 

• It increases elasticity and resilience at high temperatures



 
 
 

• It increases the cohesion of binder. 
 

• It reduces thermal susceptibility to both low and high temperature. 
 

• To rejuvenate aged asphalt binders. 
 

 
 

A significant improvement in pavement is possible as- 
 

• It increases flexibility of pavement. 
 

• It reduces deformation in pavement. 
 

• Improved aging and oxidation resistance due to higher binder contents, thicker 

binder films, and anti- oxidants in the tire rubber. 

• It provides greater fatigue resistance. 
 

• It provides greater resistance to stripping. 
 

• It provides improved self-healing properties. 
 

• It provides greater durability. 
 

 
 

Environmental improvement 
 

 
 

Use of waste plastic in road construction could lead a significant consumption of waste 

plastic daily generated which would be helpful in, keeping the environment clean, 

reducing clogging of drains causing various hazards including health hazard , reducing 

dumping of plastic materials wastes going into land fill etc. 

 
 

2.4.5 Limitations of Polymer Modified Bitumen 
 

 
 

Polymer modified binder are not the solution to all pavement problems.  

 
 

• Mobilization costs for polymer modified bitumen production equipment. For large 

projects, this cost can be spread over enough tonnage so that increased unit 

price may be offset by increased service life, lower maintenance costs, and 

reduced lift thickness. For small projects, however, mobilization cost is the



 
 
 

same, resulting in greater increase in unit price that may not be economically 

viable. 

• Construction may be more challenging, as temperature requirements are more 
 

critical. 
 

• Potential odour and air quality problems 
 

• Polymer modified binders are often difficult to hand work because of stiffer 

binder and coarser mixture gradations. 

• If work is delayed more than 48 hours after blending the asphalt rubber, some 

binders may not be usable 

• For chip seals in remote locations, hot and/or pre coated aggregate may not be 
 

available because there may not be a hot-mix plant within reasonable haul distance 

of the job site. 

 
 

2.5 Comparing Waste Plastic Modified Bitumen and Conventional Bitumen: 
 

 
 

Use of bitumen modified by virgin polymers has been going on since mid-seventies of 

the twentieth century. However, environmental pollution with the aggressive disposal 

of plastic goods has made researchers to find ways to recycle the disposed plastics. One 

such way is its application in road construction. Since virgin bitumen has been modified 

with the application of polymers - the source of virgin plastics, it was thought that the 

waste or recycled plastics would do the same and accordingly research works have 

been carried out. 

 
 

Plastics can be divided into six major categories (BTF, 2008). These are PET 

(Polyethylene Terepthalate), LDPE (Low Density Polyethylene), HDPE (High Density 

Polyethylene), PVC (Polyvinyl Chloride), PP (Polypropylene) and PS (Polystyrene). 

Studies found that LDPE, HDPE and PP are suitable for use in road construction. 

LDPE and HDPE are together known as PE.



 
 
 

In general, plastics have low melting point and it possesses very good bonding properties. 

The aggregates used in bituminous mix are crushed stones, which have rough surfaces. 

The low melting point of plastic caused the shreds to form a thin film around the 

aggregates. Higher penetration of plastic film into surface cavities due to lower 

viscosity gives higher bonding surface area and this gives higher strength to the mix 

when inter-particle gaps have been filled by the addition of bitumen. The good 

bonding between plastic and bitumen is also important for this good mixing and strength. 

 
 

Table 2.3 shows thermal properties of different types of plastics and 80/100 penetration 

grade bitumen. It is seen that Sp. Gravity and Melting Point of LDPE, HDPE and PP 

are almost similar to that of 80/100 grade bitumen. This similarity ensures proper bonding 

of the two materials for the specified maximum heating temperature of bitumen for best 

result. 

 
 
 
 
 
 

2.6 Process of Blending 
 

2.6.1 General 
 

 
 

The blending of polymer with bitumen is a difficult task. Compatibility is the first and 

main problem that we must face when we trying to modify bituminous rheology by 

adding polymer to it. Blending depends on the compatibility (Baker, 1998) of polymer 

and bitumen to each other. Incompatible polymer cannot be blended with bitumen. 

Compatibility is the main considerable factor for the preparation of blend. There are 

three processes of blending. The processes are described in article and 2.7. 

 
2.6.2 Compatibility 

 
 
 

The issue of compatibility is confused in terms of the concept and its impact on binder 

performance properties. The compatibility of asphalt / polymer systems may be defined 

in several ways. It may be in terms of microscopic observation of the micro- morphology 

of the modified binder i.e. the structural arrangement of the polymer particles, chains or 

groups within the asphalt matrix. The compatible system has a homogeneous 'sponge-

like' structure whereas the incompatible system has a coarse discontinuous structure. 

 
 
 
 
 



 
However, a binder may be incompatible at one temperature and compatible at a slightly 

higher temperature. Thus the defined temperature is important, and this, together with 

time and vessel shape/size differs from researcher to researcher. It is therefore hard to 

extrapolate the compatibility findings of one researcher to another. The importance of 

compatibility is contentious as well, with some researchers claiming that incompatibility 

has a deleterious effect on binder properties. Others claim that incompatibility has no 

significant effect on the final modified binder properties, as long as no separation of 

the binder and polymer has occurred. In fact a polymer can be considered compatible 

with particular bitumen when the visible changes in the colloidal mixer of the bitumen do 

not arise. The compatibility of polymer with bitumen depends upon the type and grade of 

polymer system, its structure (linear, radial etc.), molecular weight and density. Linear 

and low-density polymer is more compatible with bitumen. The lesser the molecular 

weight the higher the compatibility (Baker, 1998). But polymers having too low 

molecular weight impart very low cohesion to the bitumen. 

 
 

The composition of base bitumen has a tremendous effect on compatibility. Bitumen is 

a complex mix of different chemical compound with different molecular weight. The 

constituent of bitumen can be classified as asphaltenes (compound containing heavy 

carbon particles) and malthenes (paraffin, aromatic compound, resin etc.). Asphaltenes 

and malthenes play an important role in polymer modification of bitumen. But high 

asphaltene content is not desirable because bitumen containing high amount of asphaltene 

compound will loss compatibility especially when high percentage of polymers are 

desired to be added. Again too low content of asphaltenes will prevent proper 

compatibility. The aromatic content of malthenes also influences the homogeneous 

mixing of polymer and bitumen. In short, the success of blending of a polymer with 

particular bitumen will depend on the following three important factors. 

 
 

• Chemical composition of bitumen. 
 

• Composition, type or grade of polymer. 
 

• Blending process



 
 
 

2.7 Method of Blending System 
 

A short definition of each process is presented below: 

 
 

2.7.1 Dry Process 
 

 
 

The dry process is suitable for blending the crumb rubber with aggregate and asphalt 

without using any special equipment required by other processes. Recycled rubber tyre 

is sized in a particular form. The aggregate grading is gap graded to allow for space for 

the 3% of rubber that is added. The time at "reaction" temperature is limited by 

limiting mixing time and the rubber retains its integrity. The surface only interacts 

with the asphalt creating a durable bond. Shock absorbing pavement for children play 

ground is being built with rubber aggregate. 

 
 

A new variation on this process has been recently trialled in Southern California in 

USA(www.rubberpavement.org).This uses only the finer rubber addition and maintains 

the aggregate grading as for the wet process. In this the solid rubber particles are 

conveyed into the pug mill during weigh up. The theory is that the rubber particles will 

partially digest and fill voids. 

 
 

2.7.2 Terminal Blend Process 
 

 
 

Terminal blend asphalt rubber is produced at a refinery or central blend plants and 

trucked to the job site. Such materials are relatively new and use synthetic polymers 

with lower percentages of crumb rubber than AR and significantly less rubber crumb 

than the wet process.

http://www.rubberpavement.org/


 
 

2.7.3 Wet process 
 

 
 

Wet process is the most common method of polymer modification of bitumen. It is also 

called the McDonald process. This process requires special equipment to blend polymer. 

The polymer/waste plastic is mixed and digested in the asphalt by either low or high 

shear mixing in the wet process. The rubber undergoes a specific interaction with the 

asphalt. This is often referred to as a reaction. It is rather a physiochemical reaction 

rather than simply a chemical one. The polymer/rubber swells in components of the 

asphalt to produce a composite. 

 
 

The wet process is used mostly in Australia, South Africa and USA. There are three 

wet process (Hossain, 2006).They are a) Chemical reaction process, b) Gelatin process 

and c) Blending process. 

 
 

Chemical Reaction Process: Polymer chemically reacts with bitumen and produces 

blend. The process is performed at the refinery. Obtained blend from this method has 

higher storage stability. 

 
 

Gelatin Process: Here polymers do not react with bitumen. Polymer is dispersed in to 

the bitumen to form a two-phase homogeneous mixer. 

 
 

Blending Process: This process may be called cooking process and suitable for scrap 

polymer and rubber. Polymer/rubber is cooked in the bitumen in this process. This 

method requires a blending/cooking system. Major parts of the blending equipment are 

a container, a mechanical stirrer with shear blade and controlled heating facilities. 

Bitumen is heated in the container to make it liquid. Then the polymer in particular 

form (powder, shredded, pellet, latex) is added to the bitumen and stirring is continued 

up to completion of blending. Required blending time and temperature and speed of 

stirrer depend on the type of polymer used. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Chapter 3 
 

Methodology 
 

 
 

3.1 Introduction 
 

 
 

To investigate this set of examinations of reference binder and waste plastic-modified 

binder is required. This chapter includes the planned experimental design, which is 

outlined in Art. 1.5. The design includes selection of blending technique, searching 

compatible waste plastic to blend, process of evaluation of polymer modified binder 

and mixes. This chapter also includes the procedure of tests and field demonstration 

which are performed. 

 
 

The performances of compacted mixes depend not only on binder quality but also on 

mechanical and physical properties of constituent material. Besides binder, aggregate is 

the main constituent of paving mixes. A short description of the properties of aggregate 

that would be used in the experiment is also included in this chapter. 

 
 

3.2 Method of Blending 
 

 
 

There are mainly two methods of blending polymer with bitumen, the dry blending 

method and wet blending method. In the dry method polymer is mixed with heated 

aggregate whereas in the wet blending method, polymer is added to the hot bitumen



 
 
 

prior to adding the resulting binder to the aggregate.  

 
3.2.1 Commercial Automated Blending System: 

 

There are some chemical companies viz. VSS Asphalt (Bitumen) Technologies, ISS 

Asphalt Rubber, Heatec, Exxon etc. that supply polymer-bitumen blending system. 

Various types of polymers such as SBS, ground tyre rubber, natural rubber latex etc. 

can be blended with bitumen with this blender. It is useable at both asphalt terminals 

and hot mix asphalt plant. The blending system may be portable or stationary. Some 

commercially available blenders made by the various international companies are also 

discussed in this article. 

 
 

VSS Asphalt Technologies: 
 

VSS Asphalt Technologies is an International Company involved in manufacturing of 

emulsions and equipments and supplying of raw materials. The PMB plant is made by 

VSS Asphalt Technologies is shown in the Figure: 3.1 

 
 

Figure 3.1: A VSS asphalt rubber blending system in China.



 
 
 

Reed International Asphalt Rubber Blender: 
 

Reed International has designed and built the latest in functional and efficient asphalt 

rubber blenders on road systems. A short description of this blender is given below: 

Main elements of the system: 

• Weigh Hopper 
 

• Heater Blender 
 

• Reaction Vessel 
 

 
 

Weigh Hopper 
 

The Weigh Hopper meters is a key piece of equipment, it allows free flow of crumb 

rubber to the blender, it ensures accurate dosing and lumps (agglomerated particles) are 

broken down before the blending tank. The weigh hopper weighs in the crumb and 

controls the batch size. 

 
 

Heater/Blender: 
 

The blender is the heart of the system, It's function is to combine the extender oil and 

the asphalt (bitumen) and to wet out the crumb rubber and disperse it to allow optimal 

reaction between the aromatic-naphthenic fractions of the asphalt and extender oil for 

optimum binder properties. 

 
 

Steps of Blending: 
 

• Super Heat the Asphalt to mixing temperature. 
 

• Meter the Asphalt into the Mixing Chamber. 
 

• Load the Crumb Rubber from the Hopper. 
 

• Mix the Asphalt and Crumb Rubber. 
 

• Pump the mixed Binder to the Reaction Vessel. 
 
 

Reaction vessels: 
 

The function of nurse trucks or reaction vessels is to ensure that the crumb is reacted to 

the correct extent in the finished binder. Heat plays a big role in this reaction. Too little 

heat and the reaction will take too long and too much and degradation of the rubber and 

or asphalt can occur. The Reed International reaction vessels feature the ability to control 

temperature and create an even and controlled reaction.



 
 
 

Steps: 
 

• Receive the Asphalt Rubber Binder from the Heater-Blender. 
 

• Raise the Temperature of the Binder. 
 

• Agitate the Mixture to facilitate the reaction. 
 

• Meter Binder to the Asphalt Plant for Hot Mix Projects. 
 

• Load Binder into Spreader Trucks for Chip Seal Projects. 
 

• Provide enough storage to allow for reaction time 
 
 

Tosas High Speed Blender: 
 

Tosas produces its own rubber granules, ensuring the correct grading of rubber crumbs. 

The technologically advanced, high-speed homogenous mix blenders allow the operator to 

digitally control the feeding of raw materials in precise proportions, guaranteeing a 

quality end product. Sophisticated distributor machines are equipped with special 

product stirring agitators to ensure that while in the sprayer, the product receives a 

uniform heat distribution, prevent the overheating of product in the immediate 

surroundings of the flue pipes. 

 
 
 

 
 

Laboratory Milling Machine would be used to blend Polymer (Waste Plastic) in this 

research because it is not possible to blend properly the recycled polymer with manual 

cooking devise and the milling machine (Mechanically Controlled Blender) was 

fabricated using locally available resources by previous researcher (Hossain, 2006) A 

number of trials would be made to find out the compatible waste plastic to modify 

bitumen. 

 
 

3.3 Compatibility Test 
 

In order to find a suitable modifier, compatibility test would be performed on several 

types of locally available recycled polymers viz. polythene bags and pet bottles. The 

objective of this compatibility test is to identify the appropriate waste plastic that can 

be used as a modifier of bitumen. 

3.4 Process of Evaluation of Modified Binder and Mixes 
 

 
 

In order to evaluate the properties of polymer-modified binder, a sample of virgin 

bitumen would be taken as reference binder. The reference binder would be modified 

by different proportion of the selected waste plastic. A comparative study would be 

performed on the reference binder and modified binder. The physical and rheological 



 
properties of both the reference and modified binders would be investigated by 

performing Specific gravity, Softening point, Penetration, Ductility, Viscosity and Loss 

on heating tests.



 
 
 

Besides, Marshall Test would be performed to evaluate the properties of mixes prepared 

with modified and unmodified binder. Several sets of Marshall Test specimen would be 

prepared at different proportion of binder in order to determine the effect of polymer 

modification of bitumen. The mix prepared with reference binder (virgin bitumen) would 

be consider as reference mixes and the properties of the mixes prepared with modified 

binder would be compared with that of reference mixes. In preparing the mixes, other 

factors such as the type of aggregate, gradation of aggregate, test procedures and 

specification would be strictly followed. A short description of the test is given in the 

following Article. 

 
 

3.5 Tests on Binder 
 

 
 

3.5.1 General 
 

The tests that would be performed in order to evaluate the properties of binders (pure 

and modified) are Softening point, Specific gravity, Penetration, Ductility, Viscosity, 

Loss on heating etc. All of these tests would be carried out following the 

AASHTO/ASTM standard procedure. A brief description of these tests methods and 

their significance are presented here. 

 
 

3.5.2 Penetration Test 
 

The penetration test measures the consistency of binders.. To determine the penetration, 

sample should be melted properly and cooled and maintained specified temperature. The 

penetration is measured with Penetrometer (penetration apparatus) at standard 

temperature of 25ºC. 

 
 

3.5.3 Ductility Test 
 

Ductility is a measure of elasticity of bitumen. 



 
 
 

3.5.4 Specific Gravity Test 
 

The specific gravity of binder influences the bitumen absorption capacity of aggregate 

and also Marshal Criteria of mix design. 

 
 

3.5.5 Viscosity Test 
 

There are two types of viscosity, kinematic and absolute viscosities. Kinematic viscosity 

is the measure of resistance to flow of a liquid under gravity. ASTM D2170- 

85 (AASHTO T201) describes the determination of kinematic viscosity of liquid asphalt 

at 60°C and semi-solid asphalt at 135°C in the range from 6 to 100,000 centistokes. 

Absolute viscosity of bituminous material is measured following ASTM D2171 

(AASHTO T202) designation. This method is applicable to bitumen with viscosities in 

the range from 0.036 to 200,000 poises. 

 
 

Viscosity is one of the important terms to describe the properties of bitumen. The 

mixing and compacting temperature of hot asphalt paving mixes depends on viscosity 

of binder. 

 
 

3.5.6 Softening Point Test 
This  test is also the measure of consistency of binder. 



 
 
 

3.5.7 Flash and Fire Point Test 
It indicates the maximum temperature to which the materials can be safely heated. The 

flash point is the temperature at which a bituminous material, during heating will 

evolve vapors that will temporally ignite or flash when small frame is brought in 

contact with them. The fire point is the temperature at which the evolved vapours will 

ignite and continue to burn. 

 
 

3.5.8 Loss on Heating Test 
 

It is a measure of mass of oil and asphaltic compounds that are lost during the process 

of heating of binders. Higher amount of loss of materials is not desirable. Firstly 50.0 ± 

0.5g of the sample is placed in a container, cooled to a room temperature and weighed 

to the nearest 0.01g. Then the container with the sample is placed in the woven 

maintaining temperature of 163º ± 1ºC for five hours. After heating, the sample is 

removed from the woven, cooled to a room temperature and weighed again. The loss 

on heating is calculated as follows: 

 
 

% loss = [(A-B)/A´]* 100 
 
 

Where, A = initial weight of the container plus sample 

 B = final weight of the container plus sample after heating 

 A´ = initial weight of the sample 
 
 

3.6 Tests on Mixes 
 

3.6.1 General 
 

The purpose of performing tests on compacted mixes is to determine the mix properties 

that pavement at service condition. The standard Marshall Mix design method would be 

followed in the laboratory. A set of Marshall Test specimens would be prepared and 

tested. A volumetric analysis would also be performed on the test specimens. 

 
 

3.6.2 Marshal Stability and Flow Test 
 

For proper performance of a flexible asphaltic concrete pavement, it must be stable 

under loading. This stability is achieved in pavement design by compacting the mixes 

so that the aggregates distribute the load by point-to-point contract. The Marshall test



 
 
 

and other tests for stability measure directly the performance of the asphaltic concrete 

under load. The performance of the pavement in service can thus be predicted. The 

Marshall test for asphalt paving mixtures may be used for laboratory design and field 

control of mixtures containing asphalt cement and aggregates not exceeding an inch in 

maximum size. Principal feature of the test is density-voids analysis and stability-flow 

tests on specimens of compacted asphalt paving mixtures. The Marshall test has been 

standardized and has been designated ASTM D 1559. The optimum asphalt content of 

the paving mix is determined and is usually that which yields optimum of adequate 

stability, maximum unit weight and median limits for percent air voids (usually for 

surface mix uses). 

 
 

In Marshall Test, the maximum load at which test specimen fails is termed as stability. 

Pavement is desired to have higher stability and lower flow value, but not too much 

rigidity. Too much rigidity may be the cause of cracks in pavement. Pavement should 

have reasonable flexibility that also depends on the quality of binder. 

 
 

3.6.3 Volumetric Analysis of Compacted Mixes: 
 

Specific gravity, Density, air voids, void in the mineral aggregate, void filled with 

asphalt etc. of compacted mixes are known as the volumetric properties of paving 

mixes. The volumetric properties of compacted paving mixes provide some indication 

of pavement's performance in service condition. A volumetric analysis would be 

performed on the compacted paving mixes prepared with polymer modified bitumen 

and virgin bitumen. 

 
 

3.6.3.1 Density Determination 
 

Weigh the specimen in air and in clean water at a temperature of 77 ± 1.8°F. The 

difference between the two weights in grams gives the volume in cubic centimeters. 

The specific gravity of the specimen (density in Mg/m3) is determined by dividing the 

weight of the specimen (in air) in grams by the volume in cubic centimeters. The 

density (in Ib/ft3) is calculated by multiplying the specific gravity by 62.4. Two types 

of specific gravity - bulk specific gravity and maximum theoretical specific gravity 

would be determined. Specific gravity can be defined as the ratio of the weight of 

specimen in air to the weight of equal volume of water. The density of compacted 

mixes depends on the level of compaction if other parameters are kept constant.

 
 
 
 
 



 

3.6.3.2 Determination of Specific Gravity 
 

The Bulk Specific Gravity (BSG) of each type of material must be measured so that 

volumes can be computed from the weights when necessary. The BSGs of the individual 

coarse aggregate fractions, the fine aggregate and mineral filler fractions are used to 

calculate the Bulk Specific Gravity (Gsb) of the total aggregate . 

3.6.3.3 Effective Specific Gravity of Aggregate 
 

 
 

When based on the Maximum Specific (Gmm) of a bituminous mixture, the Effective 

Specific Gravity of the aggregate, (Gse), includes all void spaces within the aggregate 

particles, except those that absorb bitumen. 

b  
3.6.3.5 Air Void 

 

The air spaces bitumen the coated aggregate of paving mixture is known as air void. It 

is a considerable factor in pavement performance. Too much air voids in paving mixture 

may cause stripping allowing water to stay in it.  

 
 

3.6.3.6 Void in the Mineral Aggregate 
 

The void in the mineral aggregate (VMA) is defined by the intermolecular spaces 

between the aggregate particles in compacted paving mixtures that includes the air

 
 

voids and the effective asphalt content. VMA is calculated on the basis of bulk specific 

gravity of the aggregate and is expressed as a percentage of the bulk volume of the 

compacted paving mixture. VMA should be sufficient to adhere bitumen to aggregate 

properly.  
 
 
 
 
 

 
 

3.6.3.7 Void Filled with Asphalt 
 

The void filled with asphalt (VFA) is defined as the percentage of the intermolecular 

void spaces between the aggregate particles that are filled with asphalt.  

 

 

 



 

3.7 Materials Properties 
 

3.7.1 General 
 

Flexible pavement consists of major two materials. These two materials are aggregate 

and binder. The performance of pavement is greatly influenced by binder. Generally 

bitumen is used as binder in pavement construction. The properties of Polymer (waste 

plastic) Modified Bitumen (PMB) would be studied in this research work. The research 

work would require virgin bitumen, waste plastic and aggregate as raw materials. In 

order to study only the effect of waste plastic on binder and mixes other ingredients are 

kept same throughout the whole experiment process. A short description of these 

ingredients and there characteristics are presented below.



 
 
 
 
 

Chapter 4 
 

Sample Preparation, Testing and Field Demonstration 
 
 
 

4.1 Introduction 
 

The chapter includes description of blending devices, process of blending, compatibility 

test of waste plastic, selection of suitable waste plastic, test on binders and mixes. 

The tests that are performed on the binders are specific gravity, softening point, 

penetration, ductility, loss on heating etc. A brief description of these tests is also 

included in this chapter. Marshall Mix Design method is followed in order to determine 

the properties of mixes prepared with reference binder and modified binder. In this 

research work two different types of specimens namely (a) reference specimen using 

conventional bitumen and (b) modifier specimen using various proportion of waste 

plastic were prepared and necessary tests were performed. A field demonstration is also 

included using optimum waste plastic content modified binder as well as original binder 

in this chapter. 

 
 

4.2 Blending Device 
 

Mechanically and thermo statistically controlled bending device is used in this research 

work. The previous researcher prepared this blender for his research work. It consists 

of the following parts. 

 
 

A drilled machine made in China has rotational speed 1400rpm-2700rpm. The stirrer 

create required shear force for blending purpose is placed in the teeth of the chuck of 

the drill machine at which the drill bit is normally attached for drilling purpose. A 

working table of the drill machine is used to support the heater and the container. The 

container is also covered with a lid holed at its centre through, which the stirrer is 

rotated. The stirrer can also be moved up and down vertically with the help of handle of 

the machine by the help of which drill bit is moved for drilling purpose. A speed 

controller is attached to the machine to control the rotational speed of the stirrer. A 

complete electrical setting runs the heater and thermostat controls the temperature. A 

panel box is used to hold the electrical arrangement and a stand with stable base is used 

to hold the panel box. An asbestos sheet is used between the top of the support and the 

heater so that the heat could not transfer to any other parts of the blender from the



 
 
 

heater except the container. A square plane sheet made of brass is welded with the 

bottom circular edge of the cylindrical brass container and the container is placed to the 

contact of the heater, which is placed on the working table (the support of the container 

and heater). The container, the heater and the asbestos sheet are attached to the supporting 

plate with nut and bolt system so that overturning of the container could not be 

happened during vigorous stirring of mixture at the time of blending operation. The total 

arrangements of the blender are shown in the following photographs. 

 
 

Figure 4.1: Electromechanically Controlled Blender  
 
 

4.3 Compatibility Test 
 

It should be mentioned here that the incompatible polymer cannot be blended with 

bitumen. It is observed from previous researcher (Islam, 2003) that three pure forms of 

polymers such as EVA, PP and LDPE are compatible with the bitumen. In this research, 

the compatibility of waste polythene (LDPE) and PET bottle were tested. The waste 

polythene and PET bottle could be seen in the following Figure 4.3 and Figure 

4.4 respectively. 
 
 
 

 
 

Figure 4.3: Shredded Waste Polythene (LDPE) Figure 4.4: Shredded Waste PET Bottle



 
 

 
 
 

4.4 Production of Blend 
 

4.4.1 General 
 

The previous researcher (Hossain, 2006) became successful to blend the recycled polymer 

like scrap tyre, with mechanically controlled blander. In this study waste plastic is used 

as modifier. Review of literature reveals that three factors affect the success of 

blending of polymer. The factors are blending temperature, blending time and shear 

force. The factors vary from polymer to polymer. Recycled polymer like waste plastic 

needs higher shear force and long blending time around 40 minutes. Blending time should 

be kept as less as possible, because too long blending time may change the rheology of 

modified binder (Hossain, 2006). It is observed that the low- density polymers require 

less shear force and complete blending is possible by using manual stirring. But the 

necessity of mechanically controlled blender for blending the recycled polymer (HDPE) 

is a mast because the mechanically controlled blender possesses higher shear force, 

which is essential to blend the waste plastic. 

 
 

4.4.2 Preparation of Blend 
 

Mechanical method (except field demonstration) of blending is used in this investigation. 

The method is described below. 

 
 

4.4.2.1 Mechanical Method of Blending 
 

The waste plastic (waste polythene/PET bottle) is collected in the shredded form from a 

business man who buys these from vangariwala/tokai. His factory is located at Kamrangir 

Char, Dhaka. The size of the modifier is below 5 mm. While preparing the modified 

binder, the electric heater is turn on. When temperature of the heater shows 

about 180oc the required quantity of liquid bitumen, which is heated in another 
 

container is poured into the container attached to the heater. Then the blending machine 

is started at the rotational speed about 1200 rpm to rotate the stirrer fixed with the 

chuck of the machine and required quantity of waste plastic is added to the bitumen 

gradually. After addition of the waste plastic with bitumen the container is covered 

with lid properly and the stirrer is attached to the chuck again. Then the machine is 

started at a speed of 1500 rpm to rotate the stirrer and the rotating stirrer is moved up 

and down with the help of handle. After 40 to 60 minutes the machine is stopped. By 

this time it is seen that there formed a homogeneous mixture of binder and is poured



 
 
 

into another pot from the container for the test on other practical proposes. It also found 

that once using the above procedure prepares the binder it can be stored for future use 

without any separation of the two components. Following the above blending procedure a 

total of four modified binder are prepared with 2.5%, 5.0%, 7.5% and 10% of polymer 

(waste plastic) and one binder with a 7.5% PET bottle. It is also seen that the higher 

percentage of waste plastic requires higher blending time. The following figures show 

the pure and modified binder. 

 
 

a b c 
 

Figure 4.5: a) Pure Bitumen, b) 7.5% Waste Plastic Modified Bitumen, c) 7.5% PET 

Bottle Modified Bitumen 

 
 

4.5 Test Procedures 
 

4.5.1 General 
 

Seven conventional tests are performed on the six samples of binder (one pure and five 

modified) in order to analyze the effects of waste plastic in the bitumen. All of the tests 

are performed following the AASHTO/ASTM designation. In order to obtain 

representative results, all the tests are carried out as preciously as possible following 

the standards test procedures. In spite of this, due to some instrumental constraint or 

problems a few tests have shown inconsistent results. 

 
 

4.5.2 Penetration 
 
 

 
 

Summary of the Method: The sample is melted and cooled under controlled condition. 

The penetration is measured with a Penetrometer by means of which a standard needle is 

applied to the sample under the specified condition.



 
 
 

Test Condition: The accuracy of the test result is dependent on closely controlled 

temperature condition. The test is performed at 25°C temperature. The test load and 

loading time are 100 gm and 5 seconds respectively. 

 

4.5.3 Softening Point 
 
 
 

Summary of the Method: The sample is melted and thoroughly stirred to avoid 

incorporation of air bubbles and to ensure homogeneity in case of modified binder. 

Then the sample is poured into the ring which was rested on an amalgamated brass 

plate. After cooling for 1 hr, the excess material is cut off with a slightly heated knife. 

 
 

Test Condition: The temperature of the freshly boiled distilled water in the glass vessel 

is maintained at 5°C for 15 minutes. The ring with sample is placed 2.54 cm above the 

bottom of the glass vessel. The rate of heating is 5°C per minute. 

 
 

4.5.4 Flash and Fire Point 
 

Summary of the Method: The sample is heated pin an open cup and at intervals a 

small flame is applied near its surface. The flash point and fire point are recorded very 

carefully. 

 
 

4.5.5 Ductility 
 

Summary of the Method: The sample is melted, stirred and poured into the mold as 

per specification. After cooling to room temperature for 30-40 minute, the excess material 

is cut off with a slightly straight edged putty knife. The mold is then set in the testing 

apparatus and ductility is measured at standard test condition. 

 
 

Test Condition: Test is performed at 25°C±0.5°C temperature, at pulling rate 5 

cm/minute.



 
 
 

4.5.6 Specific Gravity 
 

Test method: AASHTO DESIGNATION T 228-93 (ASTM DESIGNATION D70-76). 
 

 
 

Summary of the Method: The sample is heated and stirred to be sufficiently fluid to 

pour. Then sample is poured into a clean, dry and warmed Pycnometer to the three- 

fourth of its capacity. The Pycnometer with its contents is allowed to cool to ambient 

temperature for a period not less than 40 minutes and is weighted. The rest portion of 

the Pycnometer is filled with distilled water at test temperature and weighted again. All 

weights are taken carefully. 

 
 

4.5.7 Loss on Heating 
 

 
 

Summary of the Method: 50±0.5 gm of the water free sample is taken in a container 

and cooled it to room temperature and weighed. The container with the sample is placed 

in the oven at a temperature of 163°C. The temperature of the oven is maintained at 

163°C±1°C for 5 hrs. 
 

Test Condition: The test is performed at 163°C for 5 hrs. 
 

 
 

4.6 Mix Design 
 
 

The concepts of the Marshall method of designing paving mixtures were formulated by 

Bruce Marshall, a former Bituminous Engineer of the Mississippi State Highway 

Department. The Marshall Test procedure has been standardized by the American Society 

for Testing and Materials (ASTM). The original Marshall method is applicable to the 

design and field control of hot mix asphalting paving mixtures containing aggregates with 

a maximum size of up to 25mm.A modified Marshall Method has been proposed for 

aggregates with maximum sizes up to 38 mm 
 

 
 

Firstly aggregates are prepared and blended to make samples, which conform to a 

selected particle size distribution. Initially mix design samples are prepared with different 

of binder contents and are then subjected to a level of compaction which is



 
 
 

related to the expected traffic, in terms of equivalent standard axles, to be carried in the 

design life of the HMA layer(s). The properties of the compacted samples are then 

determined. These properties include; bulk density, air voids, and stability and flow 

characteristics under load. In case of failure to meet the specified mix design criteria, 

the mix is reformulated and the tests are repeated until an acceptable design is established. 

 
 

The method is empirical in nature. The standard shape of Marshall test specimen is 

cylindrical. The height of the sample is 64 mm (2.5 inch) and diameter is 102 mm (4 

inch). In this experiment a total of 30 (6x5=30) specimens are prepared following the 

specified procedure of heating, mixing and compacting the asphalt-aggregate mixtures. 

Two different types of specimen namely (a) reference specimen using original bitumen 

and (b) modified specimen using varying proportion of waste plastic blended bitumen 

were prepared for testing. 

 
 

4.6.1 Preparation of Test Specimens 
 

4.6.1.1 Determination of Expected Design Binder Content 
 

The "expected design" binder content can be determined from experiences, 

computational formula or by performing the centrifuge kerosene equivalency and oil 

soak tests in the Hveem procedure. Another quick method to arrive at a starting point is 

to use the dust-to-asphalt ratio guideline. The expected design binder content, in 

percent by total weight of mix, could then be estimated to be approximately equivalent 

to the percentage of aggregate in the final gradation passing the 75 pm (No.200) sieve. 

In this test the computational formula was used to estimate the expected design asphalt 

content. 

 
 

P = 0.035a + 0.045b+ Kc + F 

Where: 

P = approximate asphalt content of mix, percent by weight of mix 
 

a = percent of mineral aggregate retained on 2.36 mm (No. 8) sieve 
 

b= percent of mineral aggregate passing the 2.36 mm (No. 8) sieve and retained on the 
 

75 µm (No.200) sieve 
 

c = percent of mineral aggregate passing 75 µm (No. 200) sieve



 
 
 

K = 0.15 for 11-15 percent passing 75 pm (No. 200) sieve; 0.18 for 6-10 percent 

passing 75 pm (No.200) sieve ; 0.20 for 5 percent or less passing 75 pm (No.200) sieve 

F = 0 to 2.0 percent, based on absorption of light or heavy aggregate. In the absence of 

other data, a value of 0.7 is suggested. 

 
 

The gradation of combine aggregates indicates, a = 64%, b 31%, c = 5%. Using K = 0.2 

and F = 0.7, the calculated expected design asphalt content is 5.18. Using 0.5% increment 

of binder content the specimen are prepared with 4.0%, 4.5%, 5.0%, 5.5% and 6.0% 

of binder. Around 1155 gm of aggregate is required for preparing one specimen. 

 
 

4.6.1.2 Number of Specimens 
 

The Marshall method recommends three specimens for each combination of aggregate 

and binder content. In this study, one specimen for each combination of aggregate and 

binder content is prepared (Total 5X6=30 Nos. specimens) to minimize the laboratory 

work. During sample preparation and testing the specification of the mix design method 

is strictly and carefully followed in order to get representative results. Though one 

specimen for each combination of aggregate and binder content is tested, the results 

found to be very consistent. 

 
 

4.6.1.3 Mixing and Compaction Temperature: 
 

Mixing and compaction temperature depend on viscosity of binder. In this experiment 

mixing and compaction are carried out at 160°C ± 5°C and 145°C ± 3°C respectively. 

 
 

4.6.1.4 Preparation of Mould and Hammer 
 

The mould assembly and the face of the compaction hammer are cleaned thoroughly. 

They are heated in a water bath to a temperature between 95°C and 150°C. Filter paper 

is used in the bottom of the mould before the mixture is placed in the mould. 

 
 

4.6.1.5 Preparation of Mixture 
 

A half-litter container of bitumen is heated in an oven to the ideal mixing temperature 

(160°C ± 5°C). Mixing is done in a mechanical mixer with a bowl capacity of 

approximately 4 litters. The mixing bowl, mechanical stirrers and any other implements 

used in the mixing procedure are pre-heated to the mixing temperature. The heated



 
 
 

aggregate sample is placed in the mixing bowl and thoroughly mixed using a trowel. A 

crater is formed in the centre of the mixed aggregate into which the required weight of 

bitumen is poured. Mixture is then produced with a uniform distribution of bitumen by 

using the mechanical mixer. Mixing of aggregate and binder is shown in Figure 4.6. 

 
 
 

 
 

4.6.1.6 Packing the Mould 
 

The entire batch is placed in the prepared mould. Filter papers are used in the bottom of 

the mould. The mixture is spaded vigorously with a heated spatula for 15 times around 

the perimeter and 10 times over the interior. The surface is smoothened to a slightly 

rounded shape. The temperature of the mixture immediately prior to compaction is 

maintained within the compaction temperature (1450C±30C). 
 

 
 

4.6.1.7 Compaction of Specimen 
 

Another paper disc is placed on the top surface of the mix. The mould, base plate and 

filling collar along with the specimen are transferred to the Marshall Compaction 

apparatus and the sample is compacted by 50 blows with the compaction hammer. 

After compaction, the mould assembly is removed and dismantled so that the mould 

can be reversed. The equipment is reassembled and the same number of blows is applied 

to the reversed specimen. The mould assembly is then placed on a bench where the base 

plate, filling collar and paper discs are removed. The mould and the specimen are 

allowed to cool in air to a temperature at which there will be no deformation of the 

specimen during extraction by using an extrusion jack. The compacted briquette is 

labelled and allowed to cool to room temperature ready for testing the following day.



 
 
 

The whole procedure is then done on the remaining specimens. Removing of specimen 

after compaction could be seen in Figure 4.7. 

 
 
 
 
 
 
 
 

 

Figure 4.7: Specimen is being removed after Compaction 
 

4.6.2 Testing of Specimens 
 

4.6.2.1 General 
 

The Marshall tests were conducted on compacted specimens to find stability and flow 

values of different mixes. For volumetric analysis of compacted specimens, it was 

necessary to know the bulk and maximum specific gravity of the mixes. The maximum 

specific gravity of each specimen is determined after the completion of stability and 

flow test. Figure 4.8 shows the assembly of prepared specimens. 

 
 

Figure 4.8: Assemblies of Specimens for Testing



 
 
 

4.6.2.2 Determination of bulk specific gravity 
 

After the specimens are removed from the moulds, they are allowed to cool to room 

temperature. The bulk specific gravity of the compacted specimen is determined according 

to the ASTM D 1188 method of testing. 

4.6.2.3 Stability and Flow Test 
 

After the determination of bulk specific gravity, the specimens were immersed in a 

water bath at 60°C±10C for 30 minutes. The inside surface of the testing head was 

cleaned using water bath temperature between 21.1°C and 37.8°C. The guide rod was 

lubricated with oil and "zero" setting was checked in the flow meter and proving ring 

dial gauge. Ensuring the testing apparatus ready, the test specimen was removed from 

the water bath and the surface of specimen was dried carefully with a cloth. Then the 

specimen is placed in lower testing head and cantered. The upper testing head was 

fitted in to position and the complete assembly was cantered in loading device. Flow 

meter was placed over marked guide rod and again "zero" was checked. Load was 

applied to the specimen at constant rate of deformation (2 inch per minute) until failure 

occurred. The point of failure was defined as the maximum load. The total force required 

to produce failure was marked as Marshall Stability. When load began to decrease, the 

reading of flow meter was recorded. This was the reading of flow for the specimen. The 

flow value is expressed as 1/100 inch. The entire procedure for both stability and flow 

measurement were completed within 30 seconds. Testing of Marshall Specimen can be 

seen in Fig: 4.9 

 
 
 
 

4.6.2.4 Determination of Maximum Specific Gravity 
 

To determine the maximum specific gravity, one mixture was prepared with same 

aggregate and 5% binder content for each modified binder and pure binder. The mixture 

was weighed in air. Then it was placed in a container and water was poured to submerge 

the sample sufficiently and vacuum pressure was applied to remove void from the 

mixes. Then the weight of the sample was taken in water. Maximum specific gravity is 

determined to calculate the air void of the mixes. 

4.6.2.5 Density and Void Analysis 
 

After completion of stability and flow test, a density and void analysis was made for 

each series of test specimens. The unit weight of each specimen is determined multiplying 

the bulk specific gravity by the density of water (62.4 pcf). The effective specific gravity 

of total aggregates was calculated from the maximum specific gravity. The effective 

and bulk specific gravity of the total aggregates, the bulk specific gravity of the 

compacted mixes, the specific gravity of binder and the maximum specific gravity of the 



 
mixes are used to calculate percent absorbed binder content by weight of aggregate, 

percent air void (Va), percent void filled with binder (VFA) and percent voids in 

mineral aggregate (VMA). 

4.7 Field Demonstration 
 

Considering all laboratory data a field demonstration was performed with the optimum 

percent (7.5%) of waste plastic modified binder. The demonstration was done with the 

help of a contractor engaged for road maintenance works in Dhaka City Corporation. 

Firstly, a 100 metre long road segment was selected for surfacing. The total width of 

the road was 15 metre of which 50% was done with modified binder and remaining 

50% with conventional bitumen. The road was one- way traffic system and hence the 

traffic intensity on the both segments was assumed to be same. For proper comparison, 

other specifications were kept unchanged for both types of binder. Other information 

was as follows: 

• Name of road: Folder Street, Wari, Dhaka 
 

• Location: 21, Folder Street (Near Hotel Super) 
 

• Thickness of Carpeting = 50mm 
 

• Type of Bitumen: 60/70 grade. 
 

• Type of Modifier: Waste Polythene 
 

• Cost of Waste Polythene: Tk.35 per kg



 
 
 

• Gradation of aggregate: ¾ inch down 40%, ½ inch down 35%, Sand 15%, Dust 
 

10% 
 

• Source of waste plastic = Lalbag. 
 

• Date of Construction 21.11.2008. 
 

The contractor was convinced to use waste plastic instead of bitumen as the price of 

waste plastic was slightly less than that of bitumen. The central asphalt plant of Dhaka 

City Corporation was used for the job (Figure 4.10). The bitumen boiler requires 

minimum 4.2 ton of bitumen to run the plant; hence the quantity of the waste plastic 

was 315 kg. The huge of waste plastic was collected in shredded from Lalbagh, Dhaka 

and blended manually with the help of a stirrer (Fig: 4.11 shows a shredding machine 

locally fabricated and Fig: 4.12 shows the manual blending technique). For 

homogeneous mixing of waste plastic the blending temperature was kept 1700C during 
 

whole blending time of 1.20 hours. After proper blending of waste plastic carpeting 

works was done with this modified binder on previously selected road segment and the 

segment was marked for data collection in future. A sample of modified as well as pure 

bitumen was collected for laboratory test. 
 

 
 

Figure 4.10: Central Asphalt Plant Figure 4.11: Locally Fabricated Shredding Machine 
 

Corporation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.12: Waste plastic is being manually



 
 
 
 
 
 
 
 

5.1 Introduction 

blended at Bitumen Boiler. 
 

Chapter 5 
 

Results and Discussions



 
 

The main objectives of the project work are to i) determine the engineering and rheological 

properties of waste plastic modified binder ii) analyze the effect of waste plastic modified 

bitumen on road quality and iii) assess the field performance of waste plastic blended 

bituminous pavement section. In this project, waste plastic is used as modifier. For the 

assessment of quality improvement and comparison of reference binder (Virgin bitumen) 

with polymer modified bitumen, Penetration, Ductility, Softening point, Flash & Fire 

point, Specific gravity, Loss on heating tests are carried out on both virgin bitumen 

(VB) and polymer modified bitumen (PMB). Marshall tests are also performed on the 

compacted paving mixes prepared with reference bitumen and polymer modified 

bitumen. It is mentioned here that waste plastic has been used as a modifier for preparing 

all the test samples of modified binder. After completing all laboratory works, a field 

demonstration was done on a 100-meter X 7.5 meter road section with modified 

binder as well as adjoining same area with original binders to assess the performances. 

Then field data like potholes, depression, crack, rutting, 

ravelling etc. were collected at the end of every two month for 1 
1 

(one and half) year 
2 

 

duration. This chapter contains all the results of these tests and field data in tabular & 
 

graphical forms, analysis and comparison of results and discussion on them. 
 

 
 

5.1 Binder Test Result 
 

The table also shows the penetration of residue from loss on heating test. 

A plot of penetration versus waste plastic content is shown in the Figure 5.1. From the 

Figure 5.1, it can be noticed that the value of penetration decreases almost uniformly in 

case of both before and after LOH test.  

 
 

Table 5.1. The Results of Penetration Test on Pure and Waste Plastic Modified 
 

Bitumen 
 

Test Method Waste Plastic 
 

Content (%) 

Penetration 
 

(1/10 mm) 

Penetration of 

Residue from LOH 

Test (1/10 mm) 

 
 

AASHTO T49-93 
 

ASTM D5-86 

0.0 (Pure 
 

Bitumen) 

 
68 

 
62 

2.5 59 23 

5.0 39 17 

7.5 20 13 

10.0 18 10 

*7.5 46 44 



 
* PET Bottle.



 
 
 

 
 

Figure 5.1: Variation of Penetration with Waste Plastic Content 
 

5.2.3 Ductility Test Result 
 

Table 5.2 and Figure 5.2 represent the ductility test results.  

The rate of change of ductility property increases with waste plastic content.



 
 

Table 5.2. The Results 
 

Bitumen: 

of Ductility Test on Pure and Waste Plastic Modified

 

Test Method Waste Plastic Content 
 

(%) 

Ductility (cm) 

 
 

AASHTO T51-93 
 

ASTM D113-79 

0.0 
 

(Pure Bitumen) 

 

100+
 

2.5 30 

5.0 27 

7.5 17 

10.0 14 

*7.5 39 

* PET Bottle. 
 

 
 

Figure 5.2: Variation of Ductility with Waste Plastic Content 
 
 

Ductility is the measure of internal cohesion of the binder, which imparts cementing 

property in bituminous mixes. It is generally thought that bituminous materials with 

high ductility value have good binding properties. But bituminous materials with high 

ductility could perform differently. Initial ductility alone does not indicate whether the
 

binder will perform better in service 
 

period or 
 

not. Generally, ductility of bitumen
 

decreases with time and the rate of decrease are not same for all types of binders. Using



 
 
 

waste plastic with bitumen can decelerate the rate of change of ductility value, though 

waste plastic initially reduces the original ductility of bitumen. As too much reduction 

of ductility may cause the binder unfit as pavement material, selection of maximum 

waste plastic content may be limited by the ductility value of modified binder. It is also 

learned from the literature review that in one hand polymer decreases ductility on the 

other hand it increases elasticity (flow) of the binder. In this consideration modified 

binder with lower ductility value could be used safely in the bituminous mixes. 

 
 

5.2.4 Softening Point Test Results 
 

The softening point test results are presented in Table 5.3 and Figure 5.3.  

Table 5.3. The Results of Softening Point on Pure and Waste Plastic Modified 
 

Bitumen 
 

Test Method Waste Plastic Content (%) Softening Point (°C) 
 

 
AASHTO T53-92 

 

ASTM D36-89 

0.0 (Pure Bitumen) 50 

2.5 51 

5.0 60 

7.5 68 

10.0 70 

*7.5 56 

* PET Bottle.
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Figure 5.3: Variation of Softening Point with Waste Plastic Content. 

 

5.2.5 The Effect of Waste Plastic in Ductility, Penetration and Softening points: 

The effect of waste plastic on ductility, penetration and softening points are presented 

in the combined Figure 5.4. The results of penetration, ductility and softening point
 

tests show that the stiffness of the binder 
 

increases 
 

whereas the 
 

temperature
 

susceptibility decreases with addition of increasing quantity of waste plastic. 
 

 
 

Figure 5.4: Variation of Penetration, Ductility and Softening Point with Waste Plastic Content in 
 

Bitumen.
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5.2.6 Specific Gravity Test Results 
 

The results of specific gravity test are shown in Table 5.4 and Figure 5.5 From the 

Table and Figure, it is seen that specific gravity of modified bitumen decreases with the 

increase of waste plastic content in bitumen. The specific gravity of virgin bitumen was 

1.025. For 10% waste plastic content, this value has decreased to 1.010. It may be 

happened that the specific gravity of waste plastic (LDPE) is less than that of bitumen. 

Table 5.4. The Results of Specific Gravity Test on Pure and Waste Plastic 

Modified Bitumen: 
 

Test Method Waste Plastic Content (%) Specific Gravity 

 
 
 
 

AASHTO T228-93 
 

ASTM D70-76 

0.0 (Pure Bitumen) 1.025 

2.5 1.020 

5.0 1.017 

7.5 1.014 

10.0 1.010 

*7.5 1.030 

* PET Bottle. 
 
 

1.026 
 

1.024 
 

1.022 
 

1.02 
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Figure 5.5: Variation of Specific Gravity with Waste Plastic Content.
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5.2.8 Flash and Fire Point Test Results 
 

The flash and fire point test is purely safety test.  

Table 5.6. The Results of Flash and Fire Point test on Pure and Waste Plastic 
 

Modified Bitumen. 
 

Test Method Waste Plastic Content 
 

(%) 

Flash Point 
 

(oC) 

Fire Point 
 

(oC) 

 
 
 
AASHTO T 48 – 91 

 

ASTM D 92 – 85 

0.0 (Pure Bitumen) 290 340 

2.5 295 340 

5.0 325 350 

7.5 335 350 

10.0 295 310 

 *7.5 320 350 

* PET Bottle 
 

5.3 Comparison of the Test Results of Mechanically Blended Binder with those of 
 

Manually Blended Binder. 
 

Observing all the test results presented in the following table 5.7 it can be clearly said 

that there is no significant effect on the properties of binder whether the waste plastic is 

blended mechanically or manually. It is also noticed that the penetration of manually 

blended binder is found to be higher which is desirable. 

 

Table 5.7. Comparison of the Test Results of Mechanically Blended Binder with 

those of Manually Blended Binder 
 

Polymer 

content 

(%) 

Penetration 

at 25°C 

(1/10mm) 

 
Softening 

 

Point (°C) 

 
Specific 

 

Gravity 

 
Ductility at 

 

27°C (cm) 

 
Loss on 

 

Heating (%) 

 
Flash Point 

 

(°C) 

 
Fire Point 

 

(°C) 

Waste 

Plastic is 

used 

 
 

*a 

 
 

*b 

 
 

*a 

 
 

*b 

 
 

*a 

 
 

*b 

 
 

*a 

 
 

*b 

 
 

*a 

 
 

*b 

 
 

*a 

 
 

*b 

 
 

*a 

 
 

*b 

7.5 20 37 68 52 1.014 1.017 17 19 0.04 Nil 335 335 350 350 

*a = Mechanically Blended Binder; *b = Manually Blended Binder.
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5.4 Comparison of the Test Results with Study of Previous Researchers 
 

5.4.1 Comparison of the Test Results with those of the Previous Researcher 
 

(Islam, 2003) 
 

 
 

Table 5.8 shows the different laboratory test results of this study and that of the previous 

researcher (Islam, 2003). The test results reveal that there is no significant variation 

between test results of virgin polymer modified bitumen and that of waste plastic 

modified bitumen regarding the test of penetration, ductility, specific gravity, loss on 

heating and softening point. 

Table 5.8. Comparison of Test Results with those of Previous Researcher 
 

(Islam, 2003) 
 

Polymer 

content 

(%) 

Penetration at 
 

25°C (1/10 mm) 

Softening Point 
 

(°C) 

Specific Gravity Ductility at 
 

27°C (cm) 

Loss on Heating 
 

(%) 

Waste 

plastic is 

used in 

this 

study 

and 

virgin 

LDPE is 

used in 

the 

study of 
 

Islam 

 
 
 
 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Islam 

 
 
 
 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Islam 

 
 
 
 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Islam 

 
 
 
 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Islam 

 
 
 
 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Islam 

0.0 68 87 50 45 1.025 1.030 100+
 100 0.02 0.060 

2.5 59 65 51 48 1.020 1.025 30 94 0.02 0.065 

5.0 39 55 60 54 1.017 1.020 27 70 0.04 0.040 

7.5 20 35 68 61 1.014 1.019 17 45 0.04 0.060 

10 18 24 70 68 1.010 1.018 14 19 0.02 0.053 
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5.4.2 Comparison of the Test Results with those of Indian Researcher (Panda et al, 
 

1997) 
 

Some test results of this study and the same test results of Panda, et al (1997) are shown 

in Table: 5.9. The results of the tests performed by two different researchers do not 

show any remarkable variation. 

 
 

Table 5.9. Comparison of the Test Results with those of Previous Researcher 
 

(Panda, et al, 1997) 
 

Polymer 
 

content 
 

(%) 

 

Penetration at 

25°C (1/10mm) 

 

Softening Point 

(°C) 

 

 
Specific Gravity 

 

Ductility at 

27°C (cm) 

 
Loss on Heating 

 

(%) 

Waste 
 

Plastic is 

used in 

this study 

and 

Polythene 

is used in 

the study 

of Panda 

et al 

 

 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 

Results 

of 

Panda 

et al 

 

 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 

Results 

of 

Panda 

et al 

 

 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 

Results 

of 

Panda 

et al 

 

 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 

Results 

of 

Panda 

et al 

 

 
 
 
 
 

Results 

of this 

Study 

 
 
 
 
 

Results 

of 

Panda 

et al 

0.0 68 88 50 44 1.025 1.042 100+
 100+

 0.02 - 

2.5 59 64 51 51 1.020 1.034 30 73 0.02 - 

5.0 39 47 60 55 1.017 1.028 27 60 0.04 - 

7.5 20 39 68 61 1.014 1.021 17 51 0.04 - 

10 18 18 70 81 1.010 1.012 14 6 0.02 - 

 
 

5.4.3 Comparison of this Study Results with those of Previous Researcher 
 

(Hossain, 2006) 
 

 
 

The results of common tests performed with different modifier are shown in the Table 
 

5.10. Though different penetration grade of bitumen is used in this study, the trend of 

change of test results like softening point, penetration, ductility, loss on heating is 

consistent except specific gravity.
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Table 5.10. Comparison of the Test Results with those of Previous Researcher 
 

(Hossain, 2006) 
 

 
 
Polymer 

content 

(%) 

 
 

Penetration at 
 

25°C (1/10 mm) 

 
 

Softening Point 
 

(°C) 

 
 
 

Specific Gravity 

 
 

Ductility at 27°C 

(cm) 

 
 

Loss on Heating 
 

(%) 

Waste 

Plastic is 

used in 

this 

study 

and 

waste 

tyre is 

used in 

the 

study of 
 

Hossain 

 
 
 
 
 
 
 
 
Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Hossain 

 
 
 
 
 
 
 
 
Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Hossain 

 
 
 
 
 
 
 
 
Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Hossain 

 
 
 
 
 
 
 
 
Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Hossain 

 
 
 
 
 
 
 
 
Results 

of this 

Study 

 
 
 
 
 
 
 
 

Results 

of 

Hossain 

0.0 68 89 50 49 1.025 1.030 100+
 100 0.02 0.060 

2.5 59 61 51 55 1.020 1.039 30 79 0.02 0.009 

5.0 39 50 60 58 1.017 1.044 27 59 0.04 0.007 

7.5 20 32 68 64 1.014 1.054 17 29 0.04 0.005 

10 18 22 70 69 1.010 1.060 14 16 0.02 0.004 

 
 

5.5 Marshall Test Results 
 

5.5.1 General 
 

In order to assess the performance of pure and waste plastic blended bitumen, a 

comparative analysis is presented here. For the performance evaluation of modified 

mixes, all the parameters of Marshall Test are used as a measure of index. Besides 

Marshall Stability and Flow tests, volumetric analysis of the test specimens is also 

given here. Raw data of Marshall Test and related calculations are included in the 

Appendix at the end of this report.
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5.5.2 Marshall Stability 
 

Table 5.11 and Figure 5.7 represent the stability test results. The Figure 5.7 shows the 

stability versus binder content curves. It can be seen from the Figure, the trend of 

stability curves for the mixes with modified binders is almost similar to that of mixes 

with pure bitumen. It is also seen from the figure that the stability for all mixes increases 

up to an optimum percent of binder content. The upward trend of six consecutive curves 

clearly indicates that the stability increases with the increment of waste plastic 

content (up to 7.5%) in bitumen. From the Table 5.11, the maximum stabilities for 

binders containing 0.0, 2.5, 5.0, 7.5 and 10.0 percent waste plastic are found to be 

1970 lb, 2070 lb, 2304 lb, 2420 lb and 2325 lb respectively. 

 
 

Further calculation of percent improvement of stability value revealed that due to use of 
 

7.5% waste plastic in the binder, the stability has increased in the order of 28%. This 

finding indicates that high strength bituminous mixes could be produced by using waste 

plastic up to optimum level of 7.5% without changing other ingredients. This extra 

strength can provide more longevity of the flexible paved roads. In this consideration it 

is very important for our country. 

 
 

Table 5.11. Marshall Stability Values for Mixes with Pure and Waste Plastic 
 

Modified Bitumen 
 

 
Binder 

Content 

(%) 

Marshall Stability (lb) 

Pure 
 

Bitumen 

2.5% 

Waste 

Plastic 

5.0% 

Waste 

Plastic 

 
7.5% Waste 

 

Plastic 

 
10% Waste 

 

Plastic 

4.0 1056 1450 1920 1776 *2189 1104 

4.5 1018 1651 2083 1780 *1758 1614 

5.0 1479 1877 1814 2339 *2160 1944 

5.5 1970 2070 2304 2420 *2250 2325 

6.0 1820 1464 2208 1907 *2232 2186 

* Result of PET Bottle
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Figure 5.7: Variation of Marshall Stability Value for Mixes with Pure and Waste 
 

Plastic Modified Bitumen 
 

5.5.3 Flow Value 
 

The maximum deformation at which a Marshall specimen fails is termed as the flow 

value. It is a measure of deformation. Higher flow value of bituminous pavement indicates 

lower rigidity. The variation of Marshall Flow values with binder content is presented in 

Table 5.12 and Figure 5.8.From the results it can be observed that for all the binder 

contents the flow values increase with the increase of waste plastic content up to an 

optimum level (7.5%). 

 
 

So, it can be said that modifier could not be used in any proportion to modify binder. 

Other research results (Shell Chemicals) also reveal that though due to application of 

polymer in bitumen increases the flow values but at the same time it significantly 

improves the elastic property of the modified binder. This implies that bituminous mixes 

with polymer modified binder would not create any functional problem as long as 

other Marshall Mix design criteria are satisfied.
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Table 5.12. Marshall Flow Values for Mixes with Pure and Waste Plastic Modified 
 

Bitumen 
 

 
Binder 

Content 

(%) 

Flow Value (1/10 mm) 

Pure 
 

Bitumen 

2.5% 

Waste 

Plastic 

5.0% 

Waste 

Plastic 

 
7.5% Waste 

 

Plastic 

 
10% Waste 

 

Plastic 

4.0 10.5 12.0 14.0 14.5 *11.5 14.5 

4.5 12.0 16.0 19.0 21.5 *17.5 11.0 

5.0 11.0 17.5 15.0 19.0 *19.5 14.2 

5.5 15.5 18.5 18.5 21.5 *19.5 15.0 

6.0 11.5 16.8 14.4 22.5 *18.5 16.5 

* Result of PET Bottle 
 

 
 

 
 

Figure 5.8: Variation of Marshall Flow Value for Mixes with Pure and Waste 
 

Plastic Modified Bitumen
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