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Abstract - Conventional bituminous material does not have the performance requirements for road construction, which are 
increasingly subjected to heavy loads, heavy traffic, frequent stresses and various climactic and environmental conditions. 
When the produced bituminous mixture does not meet the climate, traffic, and pavement structure requirements, to qualify as 
an optimal mixture, this kind of bituminous mixture need to be modified by an attractive alternative to gain the required 
properties to be able to overcome the stresses and distresses that the pavement undergoes resulting from bitumen deficiencies 
in the mixture. Modification of bituminous mixtures offers one answer to overcome this problem, and thereby improve the 
performance and durability of the pavement. Many studies suggested the application of polymers to bituminous mixtures to 
modify it in a way to significantly enhance its performance, however, using polymer is costly. Using waste polymers, as 
modifiers is one of the several ways to cut the expenses and reduce the overall cost of road pavement projects. This review 
paper reported the utilization of polymer waste in asphalt pavement and the impact of using polymer waste on both of 
environment and road construction. 
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I. INTRODUCTION 
 
Polymer can be described as a synthetic or natural 
compound of normally high molecular strength made 
up of repeated, linked molecules [1]. The polymers 
employed for modification purposes in bituminous 
mixtures are divided into three main categories: 
plastomers, thermoplastic elastomers, and reactive 
polymers. The addition of thermoplastic elastomers 
into binders gives them higher elasticity. However, 
the application of plastomers and reactive polymers 
make the binder stronger and more rigid against 
heavy traffic loadings that usually bring about serious 
deformation in the surfacing of the pavement [2,3].  
 
Furthermore, plastomers increase the stiffness and 
viscosity of the bitumen in moderate temperatures. 
Nevertheless, the achieved performance through these 
modifiers concerning the enhancement of bitumen 
elasticity in sudden and frequent temperature 
fluctuations is not considered as satisfactory as 
expected [4]. However, some plastomeric polymers 
commonly employed for modification purpose are 
ethylene-butyl acrylate (EBA), and polyethylene 
(PE)[2,3]. Modification of the bituminous mix with 
polymer seems to have great potential for the 
successful application in the design of flexible 
pavements to enhance their effective service life, or 
minimise the thickness of its layer or base thickness 
[3,5]. The application of polymer modified bitumen 
enhances the service life length of the pavement, 
especially in severe conditions such as parking areas 
tolerating heavy traffic loads, deformed road base, 
and stress-relieving interlayer. However, a modified 
binder is by no means a new phenomenon, it has been 
proven to meet the requirements for optimal 
performance in modern pavement construction and 
coatings; in addition, it appears to be a practical,  

 
logical, and economical approach compared to other 
approaches. 
 
Polymer modified bituminous mixture has a wide 
range of applications nowadays in most of the 
developed and developing countries [6]. Adding 
polymer to the bituminous mixture increases its 
stiffness and improves its non-susceptibility to 
temperature variations in different regions and 
climates. This feature, in turn, raises the level of 
resistance of the mixture to rutting. In such cases, the 
applied polymers allow the application of softer base 
bitumen that can provide superior low temperature 
performance. Furthermore, polymers modified 
binders have a high degree of adhesion and cohesion. 
Polymer is also used to create aggregate coating 
material, believed to raise the roughness level of the 
aggregate surface and generate a superior asphalt mix 
[4].Today, asphalt mixtures modified by polymer are 
relatively more costly for road pavements [7]. 
Therefore, it is important to analyse cost-effective 
methods to make the construction projects more 
economical and feasible before discussing its 
commercial use. For instance, block styrene-
butadiene elastomer (also known as block SBS/SB 
rubber), is widely employed by many countries to 
modify the engineering properties of the asphalt 
mixture. Nevertheless, despite its excellent properties, 
the polymer modified mixture has one main 
disadvantage, that is, the high price of the block 
styrene-butadiene elastomer, which restricts its wide 
application to most construction and pavement 
projects, especially, in developing countries. One 
solution for this problem is the application of cheap 
polymers obtained from waste and disposed 
materials. 
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II. ADDITIVES 
 
Conventional bituminous material does not have the 
performance requirements for road construction, 
which are increasingly subjected to heavy loads, 
heavy traffic, frequent stresses and various climactic 
and environmental conditions. When the produced 
bituminous mixture does not meet the climate, traffic, 
and pavement structure requirements, to qualify as an 
optimal mixture, this kind of bituminous mixture 
needs to be modified by an attractive alternative to 
gain the required properties to be able to overcome 
the stresses and distresses that the pavement 
undergoes resulting from bitumen deficiencies in the 
mixture. Modification of bituminous mixtures offers 
one answer to overcome this problem and thereby 
improve the performance and durability of the 
pavement. Isacsson U [8] suggested the application of 
polymers to bituminous mixtures to modify it in a 
way to significantly enhance its performance. The 
main objective of the bitumen improvements is 
production of high quality bitumen materials that can 
effectively resist permanent deformation and fatigue 
cracking. 
 
2.1. The need for additive 
Much research has been conducted to determine the 
reasons and methods to modify bituminous materials. 
Lewandowski [9] has done research on one such topic 
and summarised the main reasons for modification of 
bituminous materials with different types of additive 
as follows: 
 To obtain softer blends at low service 

temperatures and reduce cracking. 
 To improve the fatigue resistance of blends 
 To increase the stability and the strength of 

mixtures 
 To reach stiffer blends at high temperatures and 

reduce rutting 
 To reduce the structural thickness of pavements. 
According to the definition of King et al. [10], an 
asphalt modifier can be added to the binder or the 
mixture to improve its properties. The choice of the 
modifier for a specific project depends on various 
factors, such as construction ability, availability, cost, 
and expected performance. Studies stated that the 
technical reasons for applying modifiers in 
bituminous mixtures are to make stiffer mixtures at 
high service temperatures to resist rutting as well as 
to obtain softer mixtures at low service temperature to 
minimise thermal cracking and improve the fatigue 
resistance of the asphalt pavement. Improvement in 
the performance of the bituminous mixture is affected 
by the polymers, which is largely due to the 
improvement achieved in its rheological properties, 
which allow flexibility of the mixture under heavy 
loads. The modified mixture is less brittle at lower 
temperature while it is stiffer at higher temperature in 
contrast with normal mixtures. This makes polymer 
modification highly attractive for construction 

companies and pavement designers and agencies [4]. 
According to Epps [11], normal bitumen does not 
display good engineering properties in heavy loads 
and high or low temperature conditions. It becomes 
softer in high temperature and more brittle in cold 
regions. In order to solve this problem, polymer is 
usually added to a bitumen to improve its engineering 
effect on the pavement performance, which enhances 
its resistance against fatigue cracking, permanent 
deformation, and moisture susceptibility. The stiffer 
the bituminous mixture, the more resistant it is to 
permanent deformation. It has been mentioned that 
polymer added to the mixture increases its elasticity 
and stiffness in hot climate temperatures [12]. 
 
2.2. Classification of Additives 
Studies that have been conducted to classify bitumen 
modifiers according to their composition, categorised 
it into several main groups, such as polymers 
(elastomeric and plastomeric), fillers, fibers, 
hydrocarbons, anti-stripping agents, and crumb 
rubber. These additives have significant physical and 
chemical properties, which have a wide variety of 
effects on asphalt concrete pavement performance 
accordingly. Asphalt additives render the mixture 
stiffer, especially, in hot conditions and less stiff at 
colder temperatures. They control the elasticity of the 
mixture in normal temperature conditions [12]. 
 
III. WASTE POLYMER IN ASPAHLT 
PAVEMENT 
 
Finding reasonable and cost-effective solutions for 
waste material disposal, such as recycling, is one of 
the important responsibilities of scientist, engineers, 
researchers, and governments. These solutions should 
not only consider the environmental advantages but 
also reuse the solid waste materials in projects, such 
as road construction [13]. Recycling of waste 
materials can include some solid and non-
decomposable materials such as plastic bottles, 
containers, or covers, which, due to their longer 
biodegradation period, cause serious harm to the 
environment disturbing the balance of the ecosystem. 
Therefore, to minimise the negative effects of such 
materials on the environment, it is totally reasonable 
and logical to recycle such materials through civil 
construction and industrial production 
[14,15].Recycling waste materials produced by 
industrial plants and workshops, especially, relating 
to civil engineering has seen significant developments 
in recent decades. Some of the successful examples 
of these developments include coal fly ash, silica 
fumes and blast furnace slag. The reuse of risky waste 
has also been the subject of much research throughout 
years. Such research mainly focused on the impact of 
the residue on the properties of the construction 
materials as well as on its effects on the environment. 
The most recent studies have concentrated on the 
possibilities of reusing solid waste materials in road 
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construction, which has recently turned into a hot 
issue. Apparently, this has two main causes, namely, 
the lack or reduction of natural resources usable for 
road construction and the existence of solid waste 
materials that can be reused in many construction 
projects in civil engineering [16]. 
 
IV. WASTE PLASTIC 
 
The growing quantity of plastic products, such as 
containers and bottles consumed yearly all over the 
globe from the most developed to the least developed 
countries has turned the disposal of this material into 
a serious problem, especially in developing and 
developed societies. Plastic containers enjoy certain 
features that make them attractive and the preferred 
products of consumers. Plastic offers a strong 
material with low density that is ergonomic, durable, 
light, and cheap that is usable in packaging and other 
industrial, medical, food services and appliances, 
artificial implants, land/soil conservation, water 
desalination, flood prevention, housing, 
communication, and security applications, and so on. 
The annual consumption of plastic has globally 
jumped from about 5 million to 100 million tons 
within the second half of the last century. Hence, 
plastic has become one of the most important solid 
waste materials in recent decades [17].However, 
some plastic items, which are used to preserve food 
are disposable which have to be discarded after one-
time-use, and only a short time after purchase. 
Reusable plastic items are preferred since they can 
help save the resources and money of the consumers. 
Therefore, multi-trip plastic containers have gained 
more appeal among manufacturers and consumers. 
 
V. CONCLUSIONS 
 
Using waste polymer, in term of waste plastic 
contributes to a reduction of plastic waste materials in 
the environment. Along with these solutions, 
recycling the disposable plastic items, or those that 
need to be discarded after a lifetime, can yield several 
advantages as follows: (a)preservation of limited 
fossil resources during manufacture, (b) reduction of 
energy consumption, (c) reduction of disposed and 
discarded solid materials and reduction of Carbon-
dioxide (CO2) emissions. Considering the points 
discussed above, recycling plastic waste materials 
contributes to a significant reduction in disposed 
plastic materials in the environment, as well as 
helping to preserve the natural fossil resources that 
form the main source of plastic production and 
manufacturing around the world. In addition, using 
waste polymers, as modifiers is one of the several 

ways to cut the expenses and reduce the overall cost 
of road pavement projects. 
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