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Abstract: Pavement performance is generally influenced by 

traffic, moisture, and quality of construction and maintenance. 

Deterioration on road surface can develop due to one or 

combination of these factors. In order to improve pavement 

performance, the modification of bituminous mixture for road 

surface can be achieved by adding additives or modifiers in the 

mix. This study presents the utilization of two types of 

polyethylene (PE): high density polyethylene (HDPE) and low 

density polyethylene (LDPE), a plastic waste products as an 

additive to enhance the properties of bituminous mixture. PE has 

been extensively used in industrial and domestic applications due 

to its low-cost, lightweight and durable properties. Wearing course 

samples of control and modified mixes were prepared using 

Marshall mix design method and according to Standard 

Specification for Road Works as guidelines. Three types of 

HDPE/LDPE blends with ratios of 75/25, 50/50 and 25/75 have 

been prepared and tested. It was found that polyethylene modified 

bituminous mixes show significant increment in Marshall 

stability and lower optimum bitumen content (OBC) in 

comparison to unmodified mix, where equal blend of 

HDPE/LDPE (50/50) shows a better Marshall properties. This 

shows that an addition of polyethylene in bituminous mix can 

withstand higher traffic loading with lower bitumen content. 

 
Keywords : HDPE/LDPE blends, marshall properties,  

modified bituminous mixture,  polyethylene 

I. INTRODUCTION 

Flexible roads surfaces are made of aggregate, bitumen and 

filler, commonly referred as bituminous mixture. Increase in 

number of heavy vehicles traffic, harsh environmental 

conditions, improper design and maintenance can caused 

deterioration to the road surface and resulted in short 

serviceability of pavement. The performance of pavement can 

be improved by modifying bituminous mixtures. This can be 

achieved by incorporating additives in the mix for instance 

reclaimed rubber, latex, and polymer.  

Due to its low-cost, lightweight and durable properties, 

plastics are extensively used in industrial and domestic 
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applications. However, plastics waste is a non-biodegradable 

and its disposal cause a serious environmental issue. Several 

studies have attempted to utilize plastic waste in bituminous 

mixture to increase the performance and strength of a 

pavement [1]-[5]. [5] studied on waste PVC in bituminous 

mixes indicate a stronger bond between the aggregate and the 

bitumen with an addition of waste PVC, hence increase the 

mix stability. In addition, the tensile strength ratio which 

determines the moisture susceptibility of the mixes also 

increase. Modified mixes also provide better resistance to 

permanent deformation where observed rut depth is much 

lower than control mix. [4] found that the bleeding of 

pavement surface decreases in hot weather condition since 

polymer modified bitumen can withstand higher temperature 

and the optimum content of plastic waste to be used is range 

between 5% and 10%. [1] and [3] found that the Marshall 

stability obtained for modified mixes are higher compared to 

control mix.  

However, plastic waste for example plastic bags and plastic 

bottles must undergoes several processes namely segregation, 

cleaning and shredding. Polyethylene (PE) granules is a 

commercially available plastic waste product that are ready to 

be incorporated into bituminous mixtures without undergoes 

all the exhausting process. Two types of PE: high density 

polyethylene (HDPE) and low density polyethylene (LDPE) 

are widely used in industrial for packaging food and 

beverages. These materials have different properties. HDPE 

is stronger, rigid and can withstand higher temperature, and 

commonly used for milk cartons, laundry detergent bottles, 

garbage bins, and cutting boards. While LDPE is softer but 

more flexible, typically used for grocery bags, milk carton 

lining and cling film. Due to different characteristics and 

advantages of HDPE and LDPE, and limited studies on 

utilization of both materials, this paper utilized granules form 

of HDPE/LDPE blends as an additive to enhance the 

properties of bituminous mixture. 

Two different processes can be used to incorporate additive 

in bituminous mixture: dry or wet process. For dry process, 

the additive was blended with the aggregates prior mixing it 

with bitumen. Whereas in wet process, additive is mixed with 

the bitumen, and the resulted modified binder then added to 

the aggregates. Majority of studies used wet process to 

analyse the effects of PE in bitumen [6]-[11]. However, wet 

process limits the usage of plastic waste. [12] suggested that 

the optimum value of PE content is 3% by weight of bitumen, 

which improved the rutting resistance within the workability  

limit. An amount higher than  
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6% was not feasible due to the high viscosity of the binder. 

Thus, to increase the amount of PE incorporated in the mix, 

this study adopted dry process and Marshall mix design 

method to prepare the bituminous mixture. Unlike wet 

process, dry process did not change the bitumen properties, 

therefore allows a higher PE content. The addition of PE to 

the aggregate will fill the pores and coats the aggregates 

surface, hence reduce the absorption of water. 

The objectives of this study are to  

a) evaluate the Marshall properties of bituminous 

mixtures modified with HDPE/LDPE blends  

b) determine the optimum ratio of HDPE/LDPE blends 

which satisfies JKR specifications 

II.  METHODS 

This study consist on laboratory works divided into three 

stages. The first stage was the preparation of materials, 

namely aggregate and bitumen. Several tests have been 

performed on the aggregate and bitumen. All properties 

conform to Standard Specification for Road Works [13]. 

Second stage involves a preparation of asphaltic concrete 

wearing course as a laboratory specimen. Wearing course is 

the upper layer of road surface. The properties of unmodified 

(control) and modified mixes were obtained and analysed. 

From the analysis, optimum bitumen content (OBC) for both 

type of mixture can be determined. In the third stage, bulk 

specific gravity, Marshall stability and flow were performed 

on the control and modified mixes samples designed at OBC. 

The Marshall properties were evaluated and compared with 

Jabatan Kerja Raya (JKR) specification. The experimental 

flow of the laboratory works is shown in Fig. 1. 

 

 
 

 

 

 

 

Fig. 1. Flow chart of laboratory works 

A. Materials 

The materials used for bituminous mixes preparation were 

bitumen, aggregate, filler and polyethylene. Bitumen 

penetration grade 80/100 was used as a binder. Laboratory 

tests were conducted on the bitumen sample namely 

penetration and softening point test. The aggregates were 

crushed granite obtained from local quarry. Aggregates were 

subjected to aggregate impact and abrasion test. Ordinary 

Portland Cement (OPC) was used as filler. Two types of PE 

were used as additives, high density polyethylene (HDPE) 

and low density polyethylene (LDPE), supplied by Lim Seng 

Plastic, Perak. Both PE are in granular shape range from 3 to 5 

mm and were blend at a ratio given in Table I. Based on Table 

I, the PE content incorporated in the mixture are 2% by weight 

of aggregate. This is suggested by [14] where maximum value 

of PE can be added in bituminous mixtures is not more than 

2% without compromising the Marshall properties required 

by JKR specifications. Properties of bitumen and aggregates 

are presented in Table II and Table III, respectively. 

 

Table- I: Percentage of HDPE/LDPE blends  

Ratio 

Polyethylene 

HDPE (%) LDPE (%) 
HDPE/LDPE 

blend (%) 

75/25 1.5 0.5 

2.0 50/50 1.0 1.0 

25/75 0.5 1.5 

 

Table- II: Properties of bitumen 
Properties Value 

Penetration (PEN) 85 

Softening point (ºC) 46 

Specific gravity 1.02 

 

Table- III: Properties of aggregate 
Properties Value 

Aggregate Impact (%) 26 

Aggregate Abrasion (%) 24 

Bulk specific gravity 2.67 

 

B. Marshall Mix Design Method 

Control and modified mixes were prepared using Marshall 

mix design method. The two main features of Marshall mix 

design are density-voids analysis and stability-flow tests. 

Marshall stability indicates the maximum load that can be 

sustained by the sample at 60ºC while the flow indicates the 

deformation or movement of the sample at the maximum load. 

These properties able to anticipate the performance of the mix 

such as stability, load carrying capability and resistance to 

permanent deformation. This method also can determine 

optimum bitumen content.  
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Bitumen content of 4.0 - 6.0% (in 0.5% increments) were 

designed for asphaltic concrete wearing (ACW 14) 

preparation. 

The modified mixes were prepared using dry process. 

HDPE/LDPE blends were mixed with the aggregates during 

aggregate heating process (150 - 180ºC) to allows the additive 

fully liquify and create a thin film on the aggregate surface. 

Then, preheated bitumen was added to the HDPE/LDPE 

coated aggregates. Mixes with 0% additive also were 

prepared as control sample. Each test sample approximately 

weight 1200 grams, subjected to a laboratory compaction of 

75 blows on each face.  

The compacted bituminous samples then were subjected to 

laboratory tests to assess the properties of control and 

HDPE/LDPE modified bituminous mixtures. Bulk specific 

gravity determination in accordance with ASTM D 2726 [15] 

were conducted on each of compacted samples. The results 

were used for density - voids analysis: voids in aggregate 

filled with bitumen (VFB) and air voids in mix (VIM). The 

compacted bituminous mixtures samples also were tested for 

Marshall stability and flow as per ASTM D 1559 [15]. 

High flow value indicates the potential of permanent 

deformation, meanwhile low flow value is not desirable as the 

bituminous mixture might have insufficient binder, which 

may lead to durability problems. Mixes with high stability but 

low flow value are also not desirable as the mixes can cracks 

under heavy traffic loads. Mix stiffness can be computed from 

stability and flow value. Higher stiffness value indicates that a 

stiffer pavement which can help to resist permanent 

deformation. Higher air voids in mix can create pathways for 

air and water. In contrast, low air voids can cause bleeding of 

the pavement due to insufficient voids space to accommodate 

the expansion of binder in warm weather. A specified range of 

VFB in the compacted mixture is required to ensure sufficient 

bitumen to provide durability and to sustain traffic loads.  

The determination of OBC was carried out by averaging 

five bitumen content corresponding to: [13]. 

a) maximum stability,  

b) 3 mm flow,  

c) maximum specific gravity,  

d) 4.0% VIM, and  

e) 75% VFB  

Subsequently, three (3) samples at optimum bitumen 

content for control and modified bituminous mixtures were 

prepared, tested and analysed again with the previous lab 

works procedure to compare their properties with standard 

requirement in accordance with JKR Standard Specification 

for Road Works [13]. 

III. RESULT AND DISCUSSION 

A. Properties of Control and Modified Bituminous   

Mixtures 

The volumetric properties, Marshall stability and flow were 

analysed for control and HDPE/LDPE modified bituminous 

mixtures. Based on the results, the utilization of HDPE/LDPE 

blends as additives demonstrates an increment in the Marshall 

stability of the bituminous mixtures. The stability of all 

modified bituminous mixtures at bitumen content range from 

4.0 – 6.0% are significantly higher than unmodified mix. The 

maximum stability attains at 5% bitumen for 25 HDPE/75 

LDPE blend was 28200 N, whereas control mix at the same 

amount of bitumen yields a maximum stability of 13000 N. 

Mix with 50/50 blend requires lowest bitumen content which 

is 4.8% at maximum stability of 20100 N. However, a blend 

with ratio 75/25 needs a much higher bitumen content to 

achieve maximum stability, which is not desirable. This 

proves that by utilized a suitable HDPE/LDPE blend 

increases the strength of bituminous mixture which in turns 

can withstand a higher traffic loading, at a lower bitumen 

content.  

Modified mixes in other hand require a higher bitumen 

content to achieve 3 mm flow. The flow value typically 

increases with bitumen content. Incorporating PE in 

bituminous mix especially HDPE can make the mix became 

stiffer and less flexible, therefore a higher content of bitumen 

is needed to achieve desirable flow value. Analysis on voids 

namely VIM and VFB shows lower bitumen content requires 

to achieve the specified properties compared to control mix. 

From the analysis, bitumen content which corresponding 

each parameter specified by [13] were then averaged to 

determine OBC (Table IV). The OBC values for control mix 

were 5.18%. As for modified mixes, the OBC values obtained 

were 5.30, 4.88, and 5.00% for 75/25, 50/50 and 25/75 

HDPE/LDPE blends, respectively. Since HDPE is harder 

compared to LDPE, a higher content in blend might not fill 

the aggregate pores at maximum. In comparison, blends with 

50/50 and 25/75 exhibits lower OBC due to the coating of 

HDPE/LDPE on the surface of aggregates might fill the 

aggregate pores, thus limits the amount of bitumen absorbs 

into the pores. Hence, requires a less bitumen content. 

B. Optimum HDPE/LDPE Blend 

As indicates in Table V, mixes modified with HDPE/LDPE 

has nearly twice the Marshall stability compared to 

unmodified sample. This suggest that the modified mix is 

stronger than a conventional mix. It might be due to the 

coating of HDPE/LDPE on the aggregate surface which gives 

a better bonding, thus increase the strength of the mixes. The 

JKR Standard Specification for Road Works [13] allows a 

flow value in the range of 2.0 to 4.0 mm. The flow value for 

most of modified samples are higher than control sample and 

within the allowable range. The mix stiffness computed using 

Marshall stability and flow increased with the addition of 

HDPE/LDPE. 

VIM obtained for all samples are within the allowable 

value specified in JKR Standard Specification for Road 

Works. As for VFB, the value for modified mixes is higher 

than control mix and within the specified range except for 

25/75 modified bituminous mixes. From Table V, 

HDPE/LDPE blend with ratio of 50/50 provides better 

Marshall properties which satisfies all the test parameter as 

JKR requirement and requires lower bitumen content. Blend 

with 75 HDPE/25 LDPE also meets all the requirement 

however is not desirable due to higher content of bitumen.  
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This in turn will add an extra cost in pavement materials. 

Modified mixes with 25/75 blend provide a higher stability 

value compared to others and lower bitumen content than 

control mix but did not meet the VFB parameter as requires 

by JKR Standard Specification for Road Works [13]. 

 

 

 

Table- IV: Determination of optimum bitumen content  

Properties  
Control 

Modified HDPE/LDPE 

 75/25 50/50 25/75 

Maximum stability, N 5.0 5.5 4.8 5.0 

3 mm flow 4.4 5.8 4.4 4.9 

Maximum specific gravity 5.6 5.2 5.4 5.2 

4 % VIM 5.4 5.2 5.1 5.1 

75% VFB 5.5 4.8 4.7 4.8 

Average Bitumen Content (%) 5.18 5.3 4.88 5.0 

 

Table- V: Properties of Marshall mix design for control and modified mixes 

 

IV. CONCLUSION 

It can be concluded that HDPE/LDPE blend can improves 

the properties of the bituminous mixtures. The strength of the 

mixes increased significantly with the addition of 

HDPE/LDPE blends, thus improve load carrying capability. 

The ratios of HDPE/LDPE blend influence the properties of 

bituminous mixtures. Higher HDPE content is not desirable 

due to higher optimum bitumen content. Whereas higher 

LDPE leads to a higher void in aggregate filled with bitumen 

that does not satisfies with the JKR requirement. Modified 

mix with equal blend of HDPE/LDPE (50/50) shows a better 

Marshall properties and requires a lower bitumen content.  
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