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ABSTRACT: Recent increases in road traffic, coupled with insufficient maintenance in developing countries 

have contributed immensely to accelerated and continuous deterioration of the road network. Polymer modified 

binders have been shown to improve adhesion, cohesion, stiffness and general stability of bituminous materials. 

This paper reports an investigation on the performance of high density polyethylene (HDPE) as additive 

bitumen modifier on the permanent deformation of asphalt concrete. Marshall design parameters were used in 

the study and Marshall stability method was also used in determining the stability characteristics. The research 

was carried out in three stages. The first stage involved the mix design of the control specimen without addition 

of polymer. In the second stage, filler was removed completely (about 9%) and substituted with equal amount of 

polyethylene. The third stage involved the replacement of some percentage of bitumen (about 1.5%) with equal 

percentage of polyethylene. Marshall mix design technique was used to determine the optimum binder content 

and to test the modified mixture properties. Tests were carried out to determine specific gravity of aggregates, 

bulk density, air void and stability characteristics. Results obtained from the three samples were compared 

based on Marshall design criteria. The results indicated that by substituting 1.5% by weight of bitumen with 

equal amount of polyethylene, both stability and air voids were increased. Hence, the Marshall stability for 

modified mix is higher than the control mix 
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I. Introduction 
Under the effect of heavy traffic loading, high temperatures and water damages, specific requirement 

are needed to control the quality of highway pavement materials in order to increase its durability. The major 

road deterioration occurs due to extraordinarily high temperature, and excessive lack of solar isolation during 

summer and heavy loading [1]. The increase in road traffic during the last two decades in combination with an 

insufficient degree of maintenance due to shortage in funds has caused an accelerated and continuous 

deterioration of road network [2]. A high– performance pavement calls for resistance to high – temperature 

rutting and low – temperature cracking [3].  

The term asphalt is applied to a black cementation material with varying consistency at room 

temperature from solid to semi – solid. It can be poured when heated to the temperature of boiling water. It is 

present in most crude petroleum from which refining process separates it [4]. Asphalt concrete consists of a 

binder and graded aggregate. Asphalt cement has diverse applications and is commonly used in flexible 

highway and airport pavements owing to their adhesion properties and visco-elastic properties [5]. Several 

factors influence the performance of flexible courses, e.g. the properties of the components (binder, aggregate 

and additive) and the proportion of these components in the mix. Bitumen can also be modified by adding 

different types of additive [6, 7]. Polymer is one of these additives. The excessive use of polymers (plastics, 

polyethylene, nylons etc) in our day to day life has made solid waste management especially in urban areas a 

major problem. Annual waste generation in the world is about 1.3 billion tons and these waste most times are 

non-biodegradable. These plastics are made of toxic pollutants with the potential to cause great harm to the 

environment [8, 9].  

The addition of polymer typically increases the stiffness of the bitumen and improves its temperature 

susceptibility. Increased stiffness improves the rutting resistance of the mixture in hot climates and allows the 

use of relatively softer base bitumen, which in turn, provides better low temperature performance. Polymer 

modified binders also show improves adhesion and cohesion properties [10, 11]. The polymers used in 

modifying bitumen are classified as plastomers, or elastomers. Plastomers include ethylene vinyl acetate, 

polyethylene (un-stabilized and stabilized) and various compounds based on polypropylene [12]. They increase 

the viscosity and stiffness of bitumen at normal service temperatures. However, they do not increase the 

elasticity of bitumen significantly and on heating, they do not perform satisfactory. Elastomers (rubbers) include 

natural rubber, polybutadiene, polysoprene, isobutene–isoprenecopolymer, polychloroprene, styremebutadiene 

copolymer and stryrene – butadienestyrene  block copolymer [13].They describes the ability of a material to 
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return to its original shape when a load is removed. These polymers increase the bitumen viscosity rather than 

elastomeric strengthening. The use of polymers as modifiers will greatly reduce their environmental pollution. 

 

II. Materials And Methods 
2.1 MATERIALS  

The materials used are aggregate, bituminous material, mineral filler, and polyethylene is used as an additive. 

 

2.1.1 AGGREGATE 

 The aggregate used in this study is crushed aggregate. The aggregate was dried to a constant weight 

and separate them by sieving into the desired size fractions. Normally, all material passing the No. 8 sieve, 

except mineral filler, which may be added as a separate ingredient, makes up one size fraction. The following 

size fractions are recommended as generally adequate for the course of this research 15mm, 12.5mm, 9.5mm, 

6.3mm, 2.8mm, 1.25mm, 0.6mm, 0.30mm. 0.15mm, 0.075mm.  

 Asphalt Cement (Bituminous Material). The asphalt cement 40/50 was used in this research. Some 

basic laboratory tests were conducted on the bitumen to evaluate its physical properties and they are: softening 

point, flash point, ductility, penetration and specific gravity.  

 

2.1.2 POLYMER (POLYETHYLENE)  

 The term “polymer” means a combination of a large number of similar small molecules or “monomers” 

into large molecules or “polymers”. A molecule of polyethylene is a long chain of carbon atoms, with two 

hydrogen atoms attached to each carbon atom. They are light in weight and have good mechanical properties so 

it can be added to asphalt in order to enhance its mechanical properties. Factors that influence the flow 

behaviour of polyethylene melts can be grouped into external and internal variables. External variables include 

temperature, pressure, time, stress and flow geometry whereas internal variables cover molar mass and molar 

mass distribution, molecular architecture and nature of the chain.  

 

2.2 METHODS 

2.2.1 MINERAL FILLER  

0/5mm stone dust was used in this study as filler. 

Preparation of sample (mixes)  

The performance of an asphalt mixture is a function of right determination of proportion of aggregate and 

asphalt and air. 

 

2.2.1.1 MARSHAL METHOD 

 The concepts of the Marshal method of designing bituminous paving mixtures were formulated by 

Bruce G. Marshall, formerly a Bituminous Engineer with Mississippi State Highway Department. 

Marshallspecimens prepared with various asphalt cement content were tested to determine Marshall properties. 

These tests have been standardized by the American Society of Testing and Materials. It may be used for both 

laboratory design and field control of asphalt hot mix paving. The test is performed on each specimen in 

accordance with procedure described by ASTMD1559.
[10]

 Principal features and procedure of the tests are as 

follows:  

The specific gravity of the blended aggregate is found by: 

 

Gsb =  
100

P 1
G 1

 + 
P 2
G 2

 +  …
P n
G n

                     1 

Where  

  Gsb = bulk specific gravity of the blend  

 P1, P2. . .Pn = respective percents of aggregates 1, 2, etc and   

P1 + P2 + . . . Pn = 100 

 G1 + G2, . …. Gn = respective specific gravities of aggregate 1,2etc .  

 

2.2.2 DETERMINATION OF THE BULK DENSITY 

 The bulk density of a specimen is taken as the ration of its dry weight in air to its bulk volume in 

accordance with standard test method of as ASTM D2726.
[10]

 And it is estimated by: 

Gmb =  
WA

W SSD −W w
           2 

 

Where: 

Gmb = Bulk density of the compacted specimen  

WA = Weight of specimen in air (gm)  
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WSSD = Weight of saturated surface dry specimen  

Ww = Weight of specimen in water (gm)  

Specific gravity of material (S.G.M)  

G. M   =     
100

%Bit
S .G ,Bit

  +   
%Aggt

S .G .Aggt

          3 

 

2.2.3 VOID ANALYSIS  

 There are two voids assessments that were made: are voids in mixed aggregate (V.M.A) and voids 

filled with Bitumen. Both of the void analysis is expressed as percentage and they are calculated as following: 

i. Voids filled with Bitumen:  

This is an expression of the mixed aggregate, which were filled with bitumen, it is calculated from;  

 

Void filled with Bit = 
VolumeofBit

Volumeinmixedaggregate
× 100     4 

ii. Voids in mixed aggregate: 

Thisdetermination is recommended by the asphalt institute and is determined from the bulk specific gravity of 

the compacted specimen and the bulk specific gravity of the aggregate.  

Void in mixed aggt = (100 – volume of aggt)                                  5 

Where  

Volume of Bitumen  = 
Bitumencontent ×BulkDensity

S.G.Bit
      6 

Volume of Aggregate  = 
100 −Bitumencontent ×BulkDensity

S.G.Bit
     7 

 

2.2.4 EVALUATING AND ADJUSTING MIX DESIGNS 

 In the process of developing a specific mix design, often it is necessary to make several trial mixes in 

order to satisfy the design criteria of the particular design method that are used. Where the trial mixes fail to 

meet the design criteria, it is necessary to modify or in some cases, redesign the mix.  Certain adjustments in the 

gradation of the aggregate blend, within the specification limits, are required to correct the deficiency. The 

objective should be for adequate stability and maximum durability.  

 

 
Figure 1 Density – Voids relationships of a compacted specimen of asphalt paving mix. 

 

Where; 

Vmb= volume of compacted specimen  

Va = volume of air voids  

Vb = volume of asphalt  

Vsb = volume of aggregate (by bulk specific gravity) 

Wb = weight of asphalt  

Ws = weight of aggregate  

 

Density of compacted specimen  = 
Wb + Ws

Vmb  
     8 

Voids in miner al aggregate = 
Wmb − Wsb

Vmb  
     9 

Voids in compacted specimen  = 
Vn −  Vsb −Vba +Vb  

Vmb  
     10 
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III. Result And Discussion 
 The selected mix design is usually the one most economical and satisfactory meeting all established 

criteria, mixes having abnormally high values of Marshall stability and abnormally low flow values are often 

less desirable because pavements of such mixes tend to be rigid or brittle and may crack under heavy traffic. 

 

3.1 Marshall Stability 

 From Marshall design criteria the stability for heavy traffic should range from 750kg for minimum and 

above for maximum and, flow should also range from 20mm for minimum and 40mm, for maximum. Table 1, 2 

and 3 show respectively the Marshall stability values for control and the modified mixes against filler and 

asphalt content.  

 Therefore from the result analysis it could be seen that the whole result from the three samples are in 

the specified limit. Sample “C” forms the most economical and satisfactory result since its flow is the less one 

and its stability is within the design criteria. Sample “B” is the least result among the three results because its 

flow is too high to compare with the other two samples and this is due to the increment in the bituminous 

material and the filler removal.  

 

3.2 ECONOMIC ANALYSIS  

 As it is known that highways are economic venture. Therefore, the demand is becoming more and more 

important that the proposed highway improvement or new construction programmes must be most economical. 

That the benefits derived from the proposed programme must be more than the cost incurred on it. Hence it 

requires careful economic analysis to determine the comparative advantages of various proposals of design and 

construction programmes. 

 

SAMPLE A 

MARSHALL TEST DATA 

Table 1.This sample A is used as control (guide) 

Types Of Asphalt: Wearing Course  

 
 

MIX PROPORTION   5/15mm = 27% 

    0/5mm = 38% 

    N/Sand = 20% 

    Filler   = 9% 

    Bit   = 6% 
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SAMPLE B 

MARSHALL TEST DATA 

Table 2.In this sample filler was removed completely and substituted with the same percentage of polythene  

TYPES OF ASPHALT: WEARING COURSE  

 
 

MIX PROPORTION   5/15mm = 27% 

    0/5mm = 38% 

    N/Sand = 20% 

    Polythene  = 9% 

    Bit   = 6% 

SAMPLE C 

MARSHALL TEST DATA 

Table 3.In this sample some percentage of bitumen were removed and replaced with the same percentage of 

polythene  

TYPES OF ASPHALT: COURSE WEARING  

 
 

MIX PROPORTION   5/15mm = 27% 

    0/5mm = 38% 

    N/Sand = 20% 

    Filler  = 9% 

Polythene  =  1.5% 
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    Bit   = 4.5% 

 

IV. Conclusion 
In the bid for providing lasting solution to our highway pavement and the reduction of its cost, this 

research was carried out. When one considers the national expenditure on both new and rehabilitated pavement, 

when one considers the present zero residual life of most of our roads, it is important that alternative methods of 

Asphaltic concrete production like the one described in this project be utilized as quickly as possible. 

Accordingly, we should not settle for something simplistic in the interest of expediency. It is important that 

technical merit rather than tradition and ease of implementation drive the selection of the construction 

technique. 

In this project, it has been established that polythene can be used as an additive in asphalted concrete 

production to enhance its performance. Polythene and bitumen are both thermoplastic and as such they are 

compatible. Some percentage of bitumen were removed and substituted with polythene and its stability and flow 

were within the Marshall design criteria.  
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