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ABSTRACT 

Flexible pavements are roads comprising of a surfacing layer comprising of bitumen 

aggregate and filler. The purpose of this report is to present a study conducted to 

create a resilient asphalt mixture for the durability of asphalt pavements. The 

significant existence of early pavement failures in the form of cracking and rutting was 

the major drive for this study. A modified asphalt mixture made using polypropylene 

plastic was proposed and tested in evaluation against the conventional asphalt mixture.  

This goal was achieved by conducting mechanical tests on materials that were used that 

is the aggregates and bitumen and characterisation of the polypropylene plastic. Other 

tests included the marshal tests and indirect tensile stress tests on both the modified 

asphalt and conventional asphalt samples to show the improvement caused by 

incorporating polypropylene plastic. Coating aggregates with polypropylene plastic led 

to a reduction in the Average Crushing Value from 15.8% to 13.6%. This signified an 

improvement in mechanical properties of coated aggregates. Marshall Quotient 

increased by 0.3, Air voids reduced by 0.5% and Indirect Tensile Strength (ITS) ratio 

increased to 96% from 80%.  These tests also identified that 3% polypropylene plastic 

modification improved the general properties of asphalt especially making the asphalt 

mixture more resistant to moisture damage, heat and cracking.  

However, there is need for more research in the use of other types of plastic in asphalt 

mixture in order to ascertain the full potential of polymer modified asphalt. 
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 CHAPTER ONE: INTRODUCTION 

1.1 BACKGROUND OF STUDY 

Generally, there are two classes of road pavements recognized. These flexible 

pavements and rigid pavements are made of mainly Portland cement. Asphalt 

pavements, which are under flexible pavements, are the roads constructed using 

bitumen and asphalt. (Mallick & El-Korich, 2018). 

The asphalt pavement network of Uganda is majorly paved with bitumen because 

bituminous pavements provide a safe, long-lasting and comfortable surface for road 

users. The performance of flexible pavements is highly dependent on properties of 

bitumen especially because of its binding properties that enable even load distribution 

(Mallick & El-Korich, 2018; Styer et al., 2024). However, in Uganda there has been an 

increase in premature pavement failures on paved roads. These failures occur due to 

premature deterioration of bitumen, which is evident through cracking, rutting and 

bleeding of asphalt pavements. (MIER Engineering & Research, 2023; Andrew et al., 

2024). 

The vitality and durability of asphalt pavement is necessary for the efficiency and 

sustainability of road infrastructure. Though the neat asphalt mixture is universally 

used, its vulnerability to premature failures such as cracking and rutting majorly due 

to increase in varying climatic cycles and traffic loads (Bamber et al., 2014; Georgios 

et al., 2024). This has created a growing need for an alternative or a modification in 

the general asphalt mixtures to enhance the mechanical properties and durability of 

asphalt pavements 
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Among the many approaches to accommodate, the growing need above is the 

incorporation of synthetic polymers. Polypropylene plastic is among the synthetic 

polymers being researched on. The mechanical properties of polypropylene such as its 

high tensile strength, resistance to chemical attacks, thermal stability and lightweight 

nature make it a promising reinforcement for asphalt pavements especially against and 

moisture damage. (Fini et al., 2023; Chunnneng et al., 2025). 

Therefore, this research aims to evaluate the effect polypropylene plastic on the 

durability of asphalt pavements. 

1.2 PROBLEM STATEMENT 

The Kampala-Masaka Highway is a critical transportation corridor in Uganda linking the 

capital city to the south-western region. However, the section of the road that traverses 

the Lwera swamp area has increasingly shown signs of pavement failure particularly in 

form of cracking and rutting which greatly compromise the pavement quality and safety 

(UNRA, 2024). 

The Kampala- Masaka Road has repeatedly suffered pavement failures especially around 

the Lwera Wetland area. The varying climatic conditions consisting of heavy rains and 

hot temperatures have caused pavement weakening and water logging leading to 

longitudinal and transverse cracking and rutting. (UNRA, 2024; Okello et al., 2024; MEIR 

Engineering & Research, 2023) 

The climate of the region characterized by bimodal rainfall patterns and fluctuating 

temperatures has led to moisture induced weakening and thermal cracking on the 
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Kampala-Masaka Road. Among the sections affected are the Lwera Swamp area near 

Lukaya District, Katonga Bridge section. (Okello, 2024; UNRA, 2024) 

Although asphalt pavements modified with plastic have demonstrated enhanced 

performance, their capability and full potential use in this field of study remains under 

explored. Therefore, the purpose of this research is to analyse the effect of 

polypropylene plastic on the durability of asphalt pavements. This with the dry process 

or method where the coarse aggregate is coated with the polypropylene plastic which 

are then mixed with other components of asphalt in order to form a homogenous asphalt 

mixture. (Fini et al., 2023; Vijayan et al., 2024; Radeef et al., 2022) 

1.3 OBJECTIVES OF STUDY 

Main Objective  

 To assess the effect of polypropylene plastic as reinforcement on the durability 

of asphalt pavements. 

Specific Objectives 

 To determine the mechanical properties of polypropylene plastic, aggregates and 

bitumen. 

 To determine the optimum polypropylene plastic content for polypropylene 

modified asphalt mixture. 

 To determine the durability of polypropylene modified asphalt mixture in 

comparison to the neat asphalt mixture  
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1.4 RESEARCH QUESTIONS 

 What are the mechanical properties of polypropylene plastic, aggregates and 

bitumen? 

 What is the optimum polypropylene plastic for the polypropylene modified 

asphalt mixture? 

 What is the durability of polypropylene modified asphalt mixture in comparison 

to the neat asphalt mixture? 

1.5 JUSTIFICATION 

In recent years, the section of the Kampala-Masaka Highway that traverses the Lwera 

swamp area has increasingly shown signs of pavement failure particularly in form of 

cracking and rutting. Even with continued repairs over the years to extend its life 

expectancy the problem persists (UNRA, 2024; Nakiyemba, 2022).  

The Kampala-Masaka Road has repeatedly suffered pavement failures especially around 

the Lwera Swamp Area. The fluctuating climatic conditions consisting of hot 

temperatures and heavy rains across the Lwera Swamp Area have caused water logging 

and pavement weakening, leading to cracking and rutting (Nakiyemba, 2022; Okello et 

al., 2024; MEIR Engineering & Research, 2023). 

The road being is a swampy area; the bitumen has always been susceptible to aging due 

to water effects and oxidation especially in the rainy season that leads to stripping of 

the bitumen from the aggregates. The reduction and consequently loss of adhesion 

between the bitumen and the aggregates leads to gradual deterioration of the surface 

layer, which majorly affects the durability of the asphalt pavements.  
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However, polypropylene is a non-biodegradable material hence when incorporated into 

the asphalt mixture it increases the characteristics or ability of the asphalt to withstand 

the earlier stated natural elements of the environment that the pavements are 

continuously exposed (Fini et al., 2023; Chunnneng et al., 2025). Polypropylene has 

excellent chemical resistance, which means strong bases do not attack it and in addition 

to that, it is resistant to gentle oxidants and reducing agents. The physical properties 

of polypropylene of being robust, sustainable and lightweight further give it more 

validity in its utilization in the asphalt mixture. (Chunnneng, 2025).  

These properties of polypropylene make coating the surface of the aggregates with 

polypropylene increase the resulting asphalt mixture and application in pavements 

more resistant to the natural elements of the environment (Vijayan et al., 2024; Radeef 

et al., 2022). 

1.6 GEOGRAPHICAL SCOPE  

Scope of study was the Kampala-Masaka Road specifically the section the road that 

stretches across the Lwera Swamp area, which is about 20kms on the road. It generally 

lies within the coordinates 0.0°N to 0.3°N and 32.5°E to 32.8°E  
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Figure 1: Shows a section of the Kamapala-Masaka highway in the Lwera Swamp 
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Road Pavements 

A road pavement is a structure consisting of a layered system of processed materials 

above the natural soil subgrade with a basic function of spreading the applied loads to 

the subgrade (Mallick & El-Korchi, 2018). The most important goal is to ensure the 

transmitted stresses due to wheel load are sufficiently reduced so as not to surpass the 

bearing capacity of the subgrade. 

The road network of Uganda handles the most dominant mode of transport, which is 

road transport that accounts for over 90% of passenger and cargo movement. The road 

network of Uganda is about 159,520km constituting of community access roads 

(79,000km about 50-54% of total), district roads (35,500-38,000km about 25-25%), urban 

roads (10,100-20,000km) and National roads (20,500-20,010km about 13-14%). (MEIR 

Engineering and Research, 2023) 

The road network of Uganda, which is paved to bituminous standards, is about 5,500-

6,100km that is about 25-29% of the National roads stated above. These bituminous 

paved pavements are designed to last but in some cases; do not perform as expected 

due to several unforeseen factors during their life expectancy, which necessitates 

rehabilitation after a short period. These factors can be environmental or structural in 

nature and lead to distresses such as cracking and rutting. (Andrew, 2024; UNRA 2024). 

2.2 Types of pavements 

2.3 Rigid pavements 

Rigid pavements are made of a Portland Concrete Cement (PCC) layer with transvers 

joint at specific intervals thus giving them sufficient flexural stiffness enabling efficient 
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transmission of the wheel load stresses to a wider area of the subgrade (Mallick & El-

Korchi, 2018; Styer et al., 2024). In other words, these pavements are designed to 

transfer or distribute loads in both a non-uniform and uniform deflections meaning the 

deflections are very small and relatively consistent. This pavement layer is directly 

placed over the prepared or compacted subgrade leaving out the base layer. (Styer, 

2024) 

2.4 Flexible pavements  

Flexible pavements consist of several layers of materials and rely on the combination 

of these layers to transmit load to the subgrade and because of this action, unlike rigid 

pavements flexible pavements distribute load over a small area of the subgrade. These 

pavements are flexible in their structural action under loading and are surfaced with 

bituminous or asphalt materials. (Bamber et al., 2014; Georgios et al., 2024) 

2.4.1 Elements of flexible pavements  

A flexible pavement consists of layers namely: surfacing course, road base, subbase, 

capping layer and subgrade. 
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Figure 2: Definition of pavement layers (Transport Research Labaoratory 1993)) 

Surfacing course: This is the uppermost layer in the road structure. The primary 

functions of this layer include giving the structure strength, resistance to skidding, and 

water-tightness. This layer contains a graded skeleton of aggregate bound together with 

bitumen and works to protect the underlying structure from wear caused by traffic and 

the environment (Mallick & El-Korchi, 2018; Georgios et al., 2024). 

Base and Sub-Base Course: These granular layers contribute additional support towards 

the structure of the material and help in the distribution of loads towards the subgrade. 

The properties of this material affect the resistance of the material towards rutting or 

moisture damage (Bammer et al., 2014; MEIR Engineering & Research, 2023). 

Capping layer and subgrade: The subgrade corresponds to the natural formation of the 

soils under consideration, and the values of the bearing capacity and susceptibility to 

moisture essentially define the behaviour of the roads. However, in wet areas like 

Lwera, the high levels of moisture and poor strength imply that the improvement of the 
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subgrade and drainage systems are essential (MEIR Engineering & Research, 2023; 

Okello et al., 2024). 

The bituminous mixture is used as the top portion of a flexible pavement structure to 

provide a resilient, waterproof, load-distributing medium that protects the base course 

from detrimental effects of climate conditions and abrasive action of traffic. 

Aggregates  

There is a classification of aggregates used in asphalt mixtures and these include 

coarse aggregates (larger than 2.36mm) and fine aggregates (less than 2.36mm and 

greater than 0.075mm). These different sizes of aggregates are used for increasing 

the interlocking mechanism within the asphalt mixture (Xunhao et al., 2024; Ren & 

Yin, 2020). 

In the bituminous mixtures, aggregates usually take up 90% or more in terms of weight 

of the mixtures, which indicates that their properties significantly affect the finished 

mixture or product. Aggregates have several functions for their use in bituminous 

mixtures but their basic functions include (Ren & Yin, 2020); 

 Aggregates provide the structural skeleton which forms a load bearing framework 

to transmit the load from the surface down to the subgrade . The mechanical 

interlock of the aggregate particle’s controls strength and rutting resistance. 

 They provide skid resistance or surface texture. A section of the aggregate moves 

slightly above the smooth surface of the asphalt layer providing a texture of 

surface for the tires to grip thereby improving friction and skid resistance. 
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Bitumen 

Bitumen having good adhesion and cohesion with aggregates is a material commonly 

used as a binder in pavement construction. Bitumen is a viscoelastic material meaning 

it behaves similarly to a viscous liquid and partly as an elastic solid. (Georgios, 2024) 

Grades of bitumen  

A paving grade refers to a grade of bitumen with viscosity characteristics appropriate 

for the type of HMA, the climate and loading conditions where it will be used. 

(Transport Research Laboratory, 2002; Georgios et al., 2024). 

Bitumen is majorly characterised in the following two types of grades: 

Viscosity grade  

The properties of the bituminous agents are known in terms of viscosity. This 

classification depends mostly on the scientific test of viscosity carried out under 60°C, 

and the unit of measurement of viscosity is ‘poise’. The viscosity test or classification 

may be done both in residue samples of asphalt (AR) and in samples of original asphalt 

(AC). 

However, viscosity grading is not commonly practiced in Uganda. 

Penetration Grade  

The penetration test is carried out in order to define the bitumen in terms of 

penetration grade. The penetration of bituminous material may be defined as the 

consistency of the bituminous material measured in terms of the distance in tenths of 

a millimetre that a standard needle penetrates under specified conditions of 
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temperature, pressure, and time. The most commonly marketed bitumen in terms of 

penetration grade in most markets would be bitumen 60/70. The penetration test result 

or value of bituminous material is linked with the hardness and softness of bitumen in 

terms of ‘hard’ and ‘soft’ bitumen respectively. The ‘hard’ bitumen has lower 

penetration values followed by use in ‘’hot climates’’, whereas ‘’soft’ bitumen’ with 

‘’high’’ values are used in ‘’cold climates’’. 

Filler 

Mineral filler consists of very fine particles (<0.075 mm), either naturally present taken 

together or added as cement, lime or rock dust. Fillers occupy voids taken together 

skeleton, increase mixture density and improve binder–aggregate cohesion, thereby 

enhancing resistance to water damage, permanent deformation 

Polypropylene 

Polypropylene plastic (PP): Polypropylene is a semi-crystalline thermoplastic polymer 

with high tensile strength, good fatigue and wear resistance, and excellent chemical 

stability. High-density polypropylene (HDPP), commonly used in packaging and 

containers, is particularly attractive due to its high strength-to-density ratio and 

hydrophobic character (Fini et al., 2023; Chunnneng et al., 2025). When used as an 

additive or modifier in asphalt mixtures, PP can enhance stiffness, rutting resistance 

and moisture resistance, and its high melting point allows it to retain integrity during 

mixing and compaction (Fini et al., 2023; Vijayan et al., 2024; Radeef et al., 2022). 
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2.4.2 Materiel mixing and laying in construction of flexible pavements 

There are two types of mixtures used for road construction known as hot mixes and cold 

mixes; polypropylene can be used as a modifier under the hot mix. Moreover, waste 

polypropylene can also be used in road construction (Yadav, 2017; Radeef et al., 2022). 

Dry Process 

The high-density Polypropylene is thoroughly washed with detergent and rinsed with 

clean water and then dried and shredded into small particles. The particles are then 

sieved and those passing the 5mm sieve and retained on the 2.36mm sieve are retained. 

The aggregates are heated to 170°C. This temperature ensures that the shredded 

polypropylene to be added melts and bonds with the surface of the aggregates. 

Maintaining the aggregates at the earlier mentioned temperature the shredded 

polypropylene retained at the 2.36mm sieve is added in a way that ensures proper 

coating. The mixture is then added to the bitumen until a uniform mixture is obtained. 

(Yadav, 2017; Radeef et al., 2022) 

Wet Process 

In this process, the polypropylene is heated and added to the bitumen mixture without 

adding it to the aggregate first. Therefore, the main difference between the wet 

process and dry process is the method which waste polypropylene is added to the 

mixture prior to be laid on the roads. (Yadav, 2017; Vijayan et al., 2024). 

Several studies report that both dry and wet processes can improve mechanical 

properties and durability of asphalt mixtures, but the dry process is particularly 

attractive for field implementation because it requires less modification of existing 
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asphalt plants and can accommodate relatively high amounts of waste plastic (Vijayan 

et al., 2024; Radeef et al., 2022). 

2.4.3 Failures of flexible pavements 

The durability of asphalt mixtures refers to the capacity of compacted asphalt 

concrete to preserve its structural integrity over its anticipated service life amid 

exposure to environmental damage and traffic stresses. (Bamber, 2014) 

In flexible pavements, factors affecting its durability are usually the main cause of the 

pavement failures. These failures include cracking, potholes, rutting and pavement 

bleeding. Give our scope study the main failures affecting that section of the road were 

cracking and rutting due to binder aging because of water infiltration and then over 

heating of the bitumen leading to embrittlement and hardening. (Okello, 2024) 

For this study on the durability of asphalt concrete, the findings are associated with 

loss of adhesion and cohesion bonds between binder and aggregates and moisture 

damage. 

2.4.4 The factors affecting the asphalt mixture durability  

Environment 

Environmental conditions at the pavement site significantly influence the durability 

of asphalt concrete. Temperature plays a crucial role in designing flexible pavements 

and asphalt concrete mixes. It affects the mixture's structural stiffness, resistance to 

rutting, and ability to resist cracking. Additionally, temperature greatly affects the 

aging process of asphalt binders and mixtures throughout the pavement's lifespan, 

with higher temperatures accelerating aging rates. (Amine, 2025) 
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Moisture is the second key environmental factor affecting asphalt concrete durability. 

It can cause damage in several ways: (1) weakening the cohesion within the asphalt 

binder, (2) reducing adhesion between the binder and aggregates, and (3) causing 

degradation of aggregates, especially when freezing occurs within the mixture. 

(Amine, 2025) 

Drainage  

Moisture damage can develop in asphalt mixtures when water enters via 

interconnected voids and is trapped inside. In flexible pavements, higher moisture 

levels in aggregate bases and subgrade soils reduce their strength and stiffness. 

Effective drainage is essential to clear water from the pavement surface and prevent 

infiltration into the base and foundation layers. (Amine, 2025) 

Construction 

Construction-related problems often lead to localized issues in asphalt pavements, 

such as ravelling, faster aging, and moisture-induced damage. Weather conditions 

during construction impact asphalt mixture longevity, as temperature, moisture, and 

wind influence cooling rates and compaction time. . (Ramon & Bonaquist, 2016). 

Segregation, a frequent construction issue, harms mixture durability by creating spots 

with uneven aggregate distribution—either too much coarse or fine material—in the 

final surface. Regions with excess coarse aggregates exhibit reduced binder content, 

higher air voids, and increased permeability, making them vulnerable to durability 

failures. . (Ramon & Bonaquist, 2016). 
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Implementing construction practices to boost compaction and lower air voids, helps 

mitigate these risks. 

Traffic loading  

Repeated traffic loads trigger various pavement failures, including rutting and fatigue 

cracking. Rutting happens when vehicle loads surpass the asphalt mixture's viscos-

plastic threshold, causing permanent deformations like wheel-path depressions. This 

type of rutting decreases with higher traffic speeds and stiffer binders, appearing 

more often under slow speeds, heavy loads, and elevated temperatures. (Ramon & 

Bonaquist, 2016). 

Fatigue cracking develops as recurring loads gradually weaken the asphalt mixture, 

forming cracks that start at the bottom and extend upward. In highly aged pavements, 

top-down cracking emerges when the surface layer becomes brittle, allowing stresses 

to exceed its strain tolerance. (Ramon & Bonaquist, 2016). 

2.5 Durability of asphalt pavements 

Durability in asphalt roads can be defined as the capacity of the mixture to maintain 

its mechanical properties in the presence of traffic loading and environmental factors 

over time (Bamber et al., 2014; Georgios et al., 2024). The primary distress type 

indicative of the issue of lack of durability in roads includes fatigue cracking, thermal 

cracking, rutting, ravelling, and damage caused by moisture. All these types of distress 

are mostly caused by incorrect material choices and environmental factors. 

Damage caused by moisture in the form of bitumen stripping from the surface of the 

aggregates is one of the most important factors in areas that receive significant rainfall 
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or where drainage is poor. The action of water in the bitumen layer reduces the 

adhesive component of the binder and aggregate bond; this causes loss of rigidity and 

formation of potholes (Bamber et al., 2014). The prolonged saturation of the layers and 

the subgrade in swamplands further exacerbates this process, as seen in the Lwera Site 

of the Kampala-Masaka Highway (MEIR Engineering & Research, 2023; Okello et al., 

2024). 

Durability properties can be evaluated in the laboratory through tests like the Indirect 

Tensile Strength Test (ITS) and moisture susceptibility tests under various conditioning 

of water, temperature, or mechanical load. By comparing the values of indirect tensile 

strength in both the conditioned and unconditioned samples, information regarding the 

resistance of the mixture samples to moisture damage or loss of cohesion can be 

gathered (Fini et al., 2023; Radeef et al., 2022). 

2.6 Polypropylene Modified Mixtures 

The use of polypropylene-modified asphalt mixtures has been investigated in attempts 

to upgrade the properties of paved surfaces and utilize plastic wastes concurrently. For 

the dry process, PP functions mostly as a modifier of the aggregate morphology and 

reinforcing component in the asphalt matrix, compared with the wet process where PP 

functions in changing the rheological properties of the binder (Yadav et al., 2017; 

Vijayan et al., 2024). 

Laboratory analysis indicates that the addition of PP generally enhances the mixture's 

rigidity and resistance to permanent deformation, hence improving rutting resistance 

under high-temperature service conditions (Fini et al., 2023; Amine & Merbouh, 2025). 

Conversely, the hydrophobic properties of polypropylene may be beneficial in 



18 
 

enhancing water resistance through reduced mixture affinity or water absorption and 

enhanced binder-aggregate bond interface (Radeef et al., 2022). However, high 

percentages of polypropylene may contribute to reduce compaction density and 

increased air voids (Fini et al., 2023). 

However, the ideal contents of PP in the mixture needs to be identified based upon 

different material specifications and environmental factors. This has been 

accomplished through the Marshall Mix design procedure whereby stability parameters, 

flow properties, bulk density values, and void analyses are taken into consideration in 

assessing different binder and modifier percentages providing balanced properties 

(Transport Research Laboratory, 2002; Mallick & El-Korchi, 2018). 

2.7 Summary of Literature Review and Research Gap 

The literature under review indicates that the most common type of paved roads in 

Uganda are flexible roads and that they are highly traffic and environmentally sensitive 

(MEIR Engineering & Research, 2023; Andrew et al., 2024). However, in wet areas such 

as Lwera Swamp, the major type of distress would be from moisture and rutting in roads 

like Kampala-Masaka Highway that have repeatedly developed premature failures 

(UNRA, 2024; Okello et al., 2024). 

Research carried out on the use of polymer-modified asphalt products such as 

polypropylene and other plastic wastes has shown considerable potential in improving 

the resistance to rutting, stiffness, and resistance to moisture of the asphalt mixture 

(Fini et al., 2023; Vijayan et al., 2024; Radeef et al., 2022). However, most of this 

research has been carried out in foreign laboratories outside of Uganda. 
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However, there are no concrete research studies conducted specifically on the behavior 

of polypropylene-modified asphalt mixtures applicable in the context of Ugandan 

material types and environmental factors, and even fewer research studies conducted 

in critical locations such as the Lwera swampland region of the Kampala-Masaka 

Highway. This research aims to rectify this problem by designing polypropylene-

modified asphalt mixtures applicable in the region based upon the available material 

types and assessing the relevant properties using ITS-based performance tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

CHAPTER THREE: METHODOLOGY 

3.1 Introduction 

The goal of this chapter is to give a proper state of materials, test methods and 

experimental standards that were being used and conducted throughout the study. 

These different tests and methods were used to determine chronologically the different 

objectives set for the study.  

Asphalt mixture components (aggregates, bitumen and polypropylene plastic) required 

for the study. 

3.2 Material selection and sample preparation 

Aggregates 

Asphalt wearing coarse aggregates of asphalt concrete and nominal size 14 will be 

used. Grading tests on aggregates to ensure that the nominal size of aggregates is 

14 mm. Triplicate samples were used to carry out the overall tests, one being the 

conventional asphalt and the others being the polypropylene modified coated 

aggregates at different percentages of polypropylene. 

Bitumen  

Grade 60/70 will be used due to its thermoplastic nature, which causes softening at 

higher temperatures and hardening at lower temperatures. It also shows more 

resistance to traffic loading   

Polypropylene Plastic   

The high-density Polypropylene is thoroughly washed with detergent and rinsed with 

clean water and then dried and shredded into small particles. The particles are then 
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sieved and those passing the 5mm sieve and retained on the 2.36mm sieve are retained 

for the tests. 

3.3 Laboratory Tests  

3.4 To determine the mechanical properties of polypropylene plastic, 

aggregates and bitumen 

3.4.1 Tests on aggregates 

Grading or sieve tests 

The grading or method of sieve analysis was selected because particle size distribution 

is a necessary classification test for aggregates. It presents the relative portions of 

different sizes of particles. (BS 812: Part 130:1985)It is then possible to determine if 

the aggregates consist of predominantly gravel, silt, and sand or clay sizes. 

Ten Percent Fines Value 

This test is performed on aggregates to determine their resistance to a crushing under 

gradually applied compressive load. It is meant to determine the load in kN required to 

produce 10% of fines from a sample of aggregate under a specified compression rate 

(BS 812: Part 111:112:1990). 

Aggregate Crushing Value (ACV) 

This method gives a relative measure of the resistance of an aggregate to crushing 

under gradually applied load due to the strength required of aggregate used in road 

construction to resist crushing (BS 812: Part 110:1990) this value is measured by the 

material passing through a specified sieve under a load of 400kN.   

Aggregate Impact Value (AIV) 
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This test gives the relative measures of the resistance of an aggregate to sudden shock 

or impact. The test is done in reference to BS 812: Part 110:1990.  

Los Angeles Abrasion Test 

This test evaluates the hardness of relatively coarse aggregates meant for use in the 

paving process. The procedure can be utilized in the estimation of the deterioration in 

standard aggregates caused by actions like abrasion, striking, and grinding in the 

rotating steel drum holding a stipulated number of steel spheres (AASHTO T96 – 99). 

Specific Gravity of Aggregates  

The specific gravity of aggregates is important in the determination of the volumetric 

properties of an asphalt mix, such as the calculation of air voids, voids in mineral 

aggregate (VMA), and voids filled with asphalt (VFA). The specific gravities of the 

aggregate size range to be used was determined, and was later used to determine 

the build specific gravity of total aggregate (ASTM: C128 – 97). 

3.4.2 Tests on Bitumen 

Penetration Test 

This test gives a relative measure of the consistency of bituminous material in terms of 

the distance in tenth of a millimetre that a standard needle penetrates the material 

under definite conditions of load, time, and temperature. The result of this test gives 

the measure of softness or hardness of the bitumen (ASTM D5-86). 
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Softening point test 

This test provides information about the binder is softening point and hence information 

about the viscosity of bituminous material. The value of the softening point of material 

defines the temperature susceptibility of material. This test can be used in the 

temperature range 30°C-200°C in order to measure the bituminous binder's softening 

point. The material possessing a higher softening point has more tendency towards 

flow. The material possessing lower softening point has less tendency towards flow 

(ASTM D36-95) 

Specific Gravity of Bitumen 

This important index shows the density of bitumen compared with the density of the 

same quantities of water. The test of specific gravity assumes particular significance 

regarding the classification of different bitumen, assessing the purity of bitumen, and 

in connection with the calculation of the necessary quantities of bitumen in the 

mixture (ASTM D70-97). 

3.5 To determine the optimum polypropylene plastic content for 

polypropylene modified asphalt mixture 

3.5.1 Preparation of polypropylene coated aggregates 

The dry process or method was used in coating the aggregates. The aggregates were 

heated to 170°C this temperature ensures that the shredded polypropylene to be added 

melts and bonds with the surface of the aggregates (Radeef et al., 2022; Vijayan et al., 

2024). Maintaining the aggregates at the earlier mentioned temperature the shredded 

polypropylene retained at the 2.36mm sieve is added. The shredded polypropylene is 

added to the aggregates by weight of mix at 0%, 2%, 3%, 4% and 5%. These separated 
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into different sample according to the respective percentages mentioned. This coating 

aims to improve the overall mechanical properties the asphalt mixture. 

The coated aggregates were then subjected to the same mechanical tests explained 

earlier to obtain the optimum polypropylene plastic that will later be used in overall 

modified asphalt mixture. 

3.5.2 Preparation of asphalt concrete samples  

For each of the two samples that is the 0% PP aggregates as our control to form the 

conventional asphalt mixture and the 3% PP of polypropylene coated aggregates to form 

the modified asphalt mixture. With 0% PP sample as control five trial binder(bitumen) 

contents are selected from (3.5-6.0) % in increments of 0.5%. The aggregate samples 

and bitumen were mixed and compacted with 75 blows on each side. The sample 

preparation is extremely important as directly influences the resulting volumetric 

properties of the asphalt mixtures. 

3.5.3 Marshall Test 

This test determines the relative measure of physical properties of asphalt specimens 

that relate to the plastic deformation properties of asphalt mixes. It provides values, 

which are used to determine the volumetric properties of asphalt mixtures as well as 

their performance. It also enables us to determine the optimum bitumen content in the 

asphalt mixtures. It also determines if the asphalt mixture can handle the load that is 

to be applied on the pavement without being deformed. In other words, it is to 

determine whether the asphalt mixture is able to perform the purpose it was designed 

(ASTM D1559-98) 
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3.5.4 Marshall Mix design 

For the mix design in this report, the Marshall Mix procedure has been utilized in 

calculating the optimum binder dosage relevant for use in trial mixes. This process 

entails density-voids analysis of samples, stability and flow tests of samples in mix 

design. The various tests utilized in mix design are discussed in more detail below. 

3.5.5 Bulk density 

The resulting bulk density was then utilized in the density-voids analysis of the 

mixture to calculate the unit weight, absorbed asphalt percentage, air void 

percentage, voids filled with asphalt percentage, and voids in mineral aggregates 

percentage, all of which indicate the mixture’s sensitivity to binder content (ASTM 

D2726). 

3.5.6 Mixture specific gravity  

The theoretical maximum specific gravity represents the bulk specific gravity of a 

fully compacted mixture with no air voids. This value is crucial for evaluating the 

quality and performance of asphalt mixtures throughout the design and construction 

stages (ASTM D2726). 

3.5.7 Percentage of Air Voids in Mix 

In asphalt mix design, determining the Voids in Mix (VIM) is a vital parameter that 

affects the mixture’s volumetric properties. VIM refers to the void spaces within the 

compacted asphalt mixture and is essential for evaluating the mix’s quality and 

performance. It is usually calculated by assessing the voids in the mixture, voids in 

mineral aggregates (VMA), and voids filled with asphalt binder (VFB) (ASTM D2726). 

The VIM value is important because it influences the asphalt’s strength, durability, 
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and aging behaviour. Monitoring and measuring VIM during design and construction is 

crucial to achieving optimal pavement performance. Factors such as asphalt content, 

aggregate gradation, and compaction methods can cause variations in the VIM value.  

3.5.8 Stability and Flow 

The Marshall test assesses the load bearing and flow properties of asphalt samples, 

including those with conventional bitumen and PMB cores. Using the Marshall Mix 

design approach, engineers can identify the ideal asphalt binder content that satisfies 

the required stability and flow criteria at the target density (ASTM D6927). 

3.6 To determine the durability of polypropylene modified asphalt mixture 

in comparison to the neat asphalt mixture  

3.7 Tests on asphalt concrete sample made  

3.8 Indirect Tensile Strength Test 

ITS tests were carried out on cylindrical specimens to determine tensile strength and 

to infer resistance to cracking under repeated traffic loads. Both the neat and modified 

were tested to evaluate moisture susceptibility. The ratio of the neat and modified ITS 

values was used as a durability or tensile strength ratio indicator (AASHTO T283). 
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CHAPTER FOUR: RESULTS AND DISSCUSSION 

4.1 Introduction 

This chapter reports the findings from the study's tests. The results are analysed and 

compared between polypropylene (PP)-coated aggregates and uncoated aggregates to 

evaluate their mechanical properties. 

The Marshall Mix design method was applied to determine the optimal bitumen 

content for the asphalt mix, given the fixed aggregate gradation and binder type. 

Volumetric properties of mixes containing coarse PP-coated aggregates were assessed 

via Marshall testing 

Durability characteristics of the asphalt mix, using 3% PP and 4.9% optimum binder 

content, were evaluated through the Indirect Tensile Strength Test. 

As advised by a panel in both my project proposal and progress project presentations 

all tests were conducted in triplicates as will clearly be seen in this chapter and my 

appendix. In addition graphs were also advised for better interpretation of my results 

which have also been included in this chapter. 

4.2 Mechanical properties of PP coated aggregates in comparison to 

conventional aggregates  

Ten Percent Fines Value 

The specification for TFV test is greater than 75% according BS 812: Part 

111:112:1990. 
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Table 1: Ten Percent Fines Value Test 

PERCENTAGE OF PLASTIC SAMPLE FORCE 

WET/DRY (%) WET DRY 

0 12.5 10.6 89 

2 11.3 10.4 94 

3 10.1 9.8 98 

4 10.1 10.7 97 

5 11.1 12.3 93 
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Figure 3: Relationship between TFV and polypropylene plastic 

From the figure above it is evident that the PP coating of aggregates leads to 

consequent increases of the TFV as higher percentage of plastic was added the TFV 

increased from 89 at 0% to 98 at 3% and then starts to decline beyond 3%. This was also 

of the factors that informed our choice of 3% PP as our optimum polypropylene content 

as they require a much heavier load is required to produce 10% fines hence higher 

resistance to continually applied load. 

Aggregate Crushing Value  

The specification for ACV test is less than 25% according BS 812: Part 110:1990. 

Table 2: Aggregate Crushing Value Test Results 

PERCENTAGE 

OF PLASTIC 

SAMPLE AVERAGE ACV 

(%) 
1 2 3 

0 15.8 15.7 15.8 15.8 
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2 14.8 15.0 15.0 14.9 

3 13.7 13.4 13.7 13.6 

4 13.7 14.3 13.5 13.8 

5 14.3 14.5 14.0 14.3 

 

 

Figure 4: Relationship between ACV and Polypropylene plastic 

This demonstrates that with increased coating aggregates with PP plastic decreases 

the aggregate crushing value but starts to decrease beyond 3% PP.  The average ACV 

dropped from 15.8% at 0% PP to 13.6% at 3% PP 

This enhancement means PP-coated aggregates in asphalt mixtures will obviously 

increase the ability to resist crushing under traffic wheel loads compared to uncoated 

ones. All tested ACVs remained below 25%, confirming compliance with standard 

specifications 
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Aggregate Impact Value  

The specification for AIV test is less than 25% according BS 812: Part 110:1990. 

 

 

Table 3: Aggregate Impact Value Test Results 

PERCENTAGE 

OF PLASTIC 

SAMPLE AVERAGE AIV 

(%) 
1 2 3 

0 14.9 14.9 15.1 15.0 

2 14.2 14.3 14.1 14.2 

3 13.4 13.2 13.1 13.2 

4 13.3 13.4 13.4 13.4 

5 13.8 13.5 13.6 13.6 
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Figure 5: Relationship between AIV and Polypropylene plastic 

Figure above illustrates the relationship between Aggregate Impact Value (AIV) and 

PP plastic percentage. It compares neat aggregates (0% PP) with those coated at 

varying PP levels, where lower AIV indicates greater aggregate strength. From the 

figure above it confirms that PP coating reduces AIV, dropping from 15.0% at 0% PP 

to 13.2% at 3% 

This shows 3% PP-coated aggregates exhibit higher strength than uncoated ones 

informing our choice of 3% pp as our optimum pp content and shows an increased 

resistance to sudden impact hence increased and enhanced aggregate toughness. 

LOS ANGELES ABRASION TEST 

The specification for LAAV test is less than 30% according AASHTO T96 – 99 

Table 4: Los Angeles Abrasion Test Results 

SAMPLE AVERAGE LAAV (%) 
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PERCENTAGE OF 

PLASTIC  

1 2 

0 16.9 16.7 16.8 

2 16.4 16.4 16.4 

3 15.6 15.7 15.6 

4 15.6 15.7 15.6 

5 15.9 15.8 15.8 

 

 

Figure 6: Relationship between LAAV and Polypropylene plastic 

This reveals that PP-coated aggregates exhibit greater resistance to wear and 

abrasion under high loads. The Los Angeles Abrasion Value (LAAV) decreased from 

16.8% at 0% PP coating to 15.6% at 3% PP coating, with resistance improving as 
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percentage coating increases then beyond 3% it starts decline beyond 3% PP coating 

hence informing our choice as 3% PP as our optimum polypropylene content. 

This occurs because polymer coatings enhance adhesion to aggregate surfaces, 

smooth out roughness, and thereby minimize surface. 

4.3 Tests on bitumen 

Penetration test results  

 

 

Table 5: Penetration Test Results 

TEST NUMBER 3 5 2P AX AVERAGE 

PENETRATION 

100gr 

5 sec 25°C 

66 69 67 68 68 

68 67 68 69 

68 66 68 69 

 

From table above, the penetration test gave a penetration of 68 which means the neat 

bitumen in this study was of penetration grade 60/70. 

Softening point  

Table 6: Softening Point Test Results 

 RING 1 RING 2 AVERAGE  



35 
 

SOFTENING POINT 

(°C) 

53 54 53.5 

 

The softening point value is 53.5°C is within the range of (49-56) °C implying that the 

bitumen is suitable for mixing into the asphalt since it is not susceptible to flowing 

with in the average clinic temperatures. 

 

 

 

 

 

Specific Gravity 

Table 7: Specific Gravity Test Results 

TEST 

NUMBER 

3 5 2P AX UNITS AVERAGE 

SPECIFIC 

GARVITY 

OF 

BITUMEN 

Specific 

Gravity of 

Bitumen 

1.027 1.017 1.027 1.030 g/cm3 1.025 

 

The average bulk specific gravity of the bitumen samples (Gb) measured 1.025 g/cm³, 

as shown in table above which falls within the standard range of 1.01–1.06. This 

confirms the bitumen's suitability for use in testing procedures. 

4.4 Job Mix Formula Test Results  

 Combined grading for job mixes  
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Table 8: Job Mixes for Combined Grading 

Sieve 

(mm) 

Sample 

1 

Mass 

retained 

Sample 

2 

Mass 

retained 

Average 

Mass 

retained 

%Average 

Mass 

retained 

%Average 

passing 

JMF 

Upper Lower 

20 0.0 0.0 0.0 0.0 100 100 100 

14 42.5 42.0 42.3 3.3 97 100 85 

10 124.5 151.9 138.2 10.9 86 94 72 

5 431.2 211.6 321.4 25.4 60 72 52 

2.36 204.4 272.7 238,6 18.9 41 55 37 

1.18 131.5 164.1 147,8 11.7 30 41 26 

0.600 114.6 107.1 111.2 8.8 21 28 16 
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0.300 101.5 69.1 85.3 6.8 14 20 12 

0.150 56.2 44.6 50.4 4.0 10 1215 8 

0.075 46.7 40.0 43.4 3.4 7 10 4 

Total 

filler 

9.6 25.0 17.3     
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Figure 7: Combined Gradation Curve 

The figure above shows an AC14 combined gradation for asphalt job mixes illustrating 

the percentage passing versus diameter of particle size. The two outer red boundary 

curves show the upper and lower limits respectively that are specification 

requirements based on ASTM standards. The black curve at the center represents our 

actual combined gradation curve corresponding to our results. Given that our actual 

gradation line has remained within the acceptable rages of the red boundary curves, 

it means that the selected aggregate blend for the asphalt mix is acceptable. 

4.5 Marshall Mix Design to Determine Optimum Bitumen Content  

The bitumen grade that was used for the mix design was 60/70 



39 
 

Table 9: Performance of different bitumen percentages during bitumen batching 

BITUMEN (%) 3.5 4 4.5 5 5.5 6 

DENSITY 2.33 2.357 2.377 2.385 2.374 2.371 

STABILITY 7.1 13.0 15.5 15.4 13.8 12.1 

FLOW 2.63 2.45 2.6 2.8 3.2 3.5 

VOIDS 6.8 4.8 4.2 4.4 2.2 1.0 
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Figure 8: Graphs of Bitumen Content against Stability, Density and Air Voids 
Respectively 

The Marshall Mix Design method determined the optimum bitumen content by 

evaluating key properties stability, density, and voids with results for varying bitumen 

percentages detailed in the table below. Graphs plotting these properties against 

bitumen content pinpointed peak values at 4.9% for Marshall Stability and density and 

4.8% for voids. The average of these values, 4.9%, was selected as the optimum 

bitumen percentage. 

Table 10: Determines Bitumen Content 

PARAMETERS VALUES (%) 

Stability 4.9 

Density 4.9 

Voids 4.8 

Average 4.9 

 

From the results in the table above, the optimum bitumen content for the asphalt 

mixture was 4.9%, which was attained from calculating the average of the Stability, 

Density and Voids. This is the percentage considered for bitumen in the research 

design.  
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4.6 Performance test results  

Marshall Test results  

Table 11: Summary of the Marshall Mix Test Results 

Marshall Mix Test 

Results after Mix 

Achieved plant 

production 

asphalt with neat 

aggregates 

Achieved plant 

production asphalt 

with 3% PP 

aggregates 

Specified 

Marshall flow 3.0 3.2 2-4mm 

Marshall stability 

75blows (Newton) 

14.2 17.3 >9 

Marshall air voids 4.9 4.4 3-7% 

Voids in mineral 

aggregates 

15 15 >15% 

Voids filled with 

binder 

68 71 65-78% 

Bitumen content 

after extraction 

4.9 4.9 ±0.3 

Ratio 

(stability/flow) 

4.8 5.1 >2 
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Marshall Flow 

The flow is linked to the stability of the asphalt mixture. The flow value indicates the 

loading flexibility and plasticity resistance of the hot mix asphalt material. The flow 

value of the conventional asphalt mixture is 3.0mm. The flow value of the asphalt 

mixture with 3% PP Coated aggregates is greater than that of the conventional asphalt 

mixture by 0.2mm. This indicates that the asphalt mixture with 3%-coated aggregates 

has higher plastic resistance. 

Marshall Stability 

The stability of 3% PP mixture is greater compared to the stability of conventional 

asphalt mixture. The difference in stability values between conventional asphalt 

mixture and 3% modified asphaltic concrete observed 3.1 kN. The stability index verifies 

the functionality of the mixture under loading. The stability values increase due to the 

use of plastic in the mixture. The increase in stability may be attributed by enhanced 

bonding between the aggregates and binding material. 

Air Voids 

The asphalt mixture with 3% PP coated aggregates had air voids of 4.4%, which was less 

than that of the conventional mixture, which was 4.9%. This implies that with the 

incorporation of PP, the air voids in an asphalt mixture are reduced. The reduction of 

air voids implies that the mixture is more resistant to oxidation and moisture, which 

usually enter the asphalt mixture through the voids. The value of 4.4% lies within the 

specification limits of 3-7%, which implies that the air voids are sufficient for expansion 



43 
 

and contraction of the asphalt mixture without causing cracking of the flexible 

pavements.  

Marshall Quotient  

The asphalt mix with 3% PP has a higher Marshall Quotient of 5.1 than the asphalt 

mixtures with neat aggregates with a Marshall Quotient of 4.8. This value of 5.1 

indicates a higher stiffness mix with a greater ability to spread the applied load.  

Voids filled with binder (VFB) 

Voids Filled with Bitumen percentage are expected around 65-75% but because of the 

reduction in voids by coating the aggregates with polyethylene, there is an observed 

decrease in the VFB values.  

4.7 Indirect tensile strength for conventional asphalt and 3% PP modified 

asphalt  

The indirect tensile strength results of three samples in dry and wet conditions of neat 

and 3% PP modified asphalt are presented in the table below. The data obtained 

indicates improvements in water resistance of the PP coated aggregate asphalt mixtures 

compared to conventional neat mixtures. The values of Tensile Strength Ratio of neat 

and 3% PP modified asphalt mixtures are higher compared to the minimum 

recommended level based on the specifications of 80%. 
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Table 12: Indirect Tensile Strength Test Results 

Percentage of PP 

coating 

Average tensile strength, Kpa Tensile strength 

ratio 

(wet/dry)% 

Wet condition Dry condition 

0 (neat asphalt) 879.5 762 87 

3 (modified 

asphalt) 

1238.2 1192 96 

 

The tensile strength ratios for the asphalt mixture containing 3% PP were higher than 

80%. This indicates that coating the aggregates with polypropylene does not cause the 

mixture to weaken when exposed to moisture and heat.  

The samples with 3% PP coated aggregates and neat aggregates were subjected to 

extreme temperatures of 0℃, 29℃ 𝑎𝑛𝑑 110℃ and the rate of water absorption for all 

the samples was attained as seen in APPENDIX. The results show that asphalt mixtures 

with 3% PP coating had a lower value for water absorption than the mix with neat 

aggregates. This implies that with the incorporation of 3% PP modification, the asphalt 

mixture becomes more resistant to moisture, which attributes to roads that are more 

durable.  

4.8 Data Analysis 

Test results were summarised using descriptive statistics such as means and standard 

deviations. Graphs and tables were prepared to compare the behaviour of control and 

polypropylene-modified mixtures in terms of Marshall Properties, ITS and moisture 
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susceptibility. Trends were interpreted in light of the literature on polymer-modified 

asphalt mixtures, with particular attention to identifying an optimum PP content that 

provides enhanced durability without compromising workability or other essential 

performance characteristics. 

4.9 DESIGN APPLICATION 

Design using AASHTO method design:  

𝑺𝑵 = 𝒂𝟏𝑫𝟏 + 𝒂𝟐𝑫𝟐𝒎𝟐 + 𝒂𝟑𝑫𝟑𝒎𝟑 

Original Pavement Design 

 50mm Hot Mix Asphalt 

 200mm CRR Base 

 200mm CRR Subbase 

Coefficients for each layer based on materials used  

a1=0.35, and a2=0.14 and a3=0.12 

Assuming drainage conditions of water being removed within 1 week and the pavement 

structure is exposed to moisture levels approaching saturation for a time greater than 

25%, drainage coefficients for the subbase and base layer can be taken as m2 = m3 = 

0.8 

Hence the structural number can be obtained from 

𝑺𝑵 = (𝟎. 𝟑𝟓 × 𝟓𝟎) + (𝟎. 𝟏𝟒 × 𝟐𝟎𝟎 × 𝟎. 𝟖) + (𝟎. 𝟏𝟐 × 𝟐𝟎𝟎 × 𝟎. 𝟖) 

𝑺𝑵 = 𝟓𝟗. 𝟏 
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Using the AASHTO nomographs the new coefficient for a1 due to the modification of 

the asphalt mix with 3% PP modification, a1=0.36 

Calculating the new thickness for the 3% PP Modified asphalt mix material 

𝟓𝟗. 𝟏 = (𝟎. 𝟑𝟔 × 𝑫𝟏) + (𝟎. 𝟏𝟐 × 𝟐𝟎𝟎 × 𝟎. 𝟖) + (𝟎. 𝟏𝟐 × 𝟐𝟎𝟎 × 𝟎. 𝟖) 

𝑫𝟏 = 𝟒𝟖. 𝟔𝟏𝒎𝒎 ≈ 𝟓𝟎𝒎𝒎 

Therefore the new pavement design with the 3% PP modification will remain the same 

thickness of layers 

 50mm Hot Mix Asphalt 

 200mm CRR Base 

 200mm CRR Subbase 



  

  



  

 

CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

This study focused on the use of polypropylene coated aggregates to enhance the 

durability of flexible pavements.  

The prime aim of this research work was to investigate the dirability of asphalt roads 

influenced by polypropylene plastic. This aim was met by using the following 

methods;  

 Conducting of the Ten Percent Fines (TFV), Aggregate Crushing Value (ACV) test, 

Aggregate Impact Value (AIV) test, Los Angeles Abrasion Value (LAAV) test and 

bitumen tests that include: penetration test and softening point test. In addition 

to that, material characterization was done for the polypropylene plastic. These 

test enabled in gaining information regarding the mechanical properties 

aggregates and our choice in penetration grade of bitumen. This is what enabled 

us to achieve our first objective, which was to determine the mechanical 

properties of aggregates, bitumen and polypropylene. 

 For our next objective, which was to determine the optimum plastic content for 

the polypropylene, modified asphalt. Conducting of test on polypropylene 

coated aggregates and neat aggregates. The tests showed great improvement in 

these mechanical properties but showed the most effective aggregates as the 3% 

PP coated aggregates in comparison to the neat aggregates. Improvements were 

as follows; TFV-(89-98)% , ACV-(15.8-13.6)% , AIV-(15-13.2)% , LAAV-(16.8-18.6). 

Next was the Marshall Mix Design. The Marshall Mix Design was followed by the 

Marshall Test in gaining information regarding the volumetric properties of 

polypropylene-coated versus uncoated asphalt mixes. The polymer modified 
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asphalt mix gives a more durable material in the construction of flexible 

pavement because the mixture indicates that the Marshall Quotient of the 

asphalt mix with 3% PP is higher by 5.1 compared to the neat asphalt mix Marshall 

Quotient of 4.8. The Marshall Quotient of 5.1 indicates that the mixture exhibits 

high stiffness properties in terms of load spreading capacity. This indicates that 

the resistance to permanent deformation of the 3% PP modified mixture 

pavements is higher. The test continues to show a positive change in the 

volumetric properties of the asphalt mixture with the use of PP. The process of 

coating the aggregate with plastic minimized the Void in Mineral Aggregates 

(VMA) and air voids in the mixture. This resulted in the increase in the Void Filled 

with Binder (VFB). This is because the process of coating the aggregate with 

plastic enhanced the process of adhesion between the aggregate hence perfect 

bonding, meaning that the Hot Mix Asphalt mixture is likely to endure or last 

longer if the aggregate is coated with PP. The air voids reduced, indicating that 

the process of modifying the asphalt with polypropylene decreases the porosity 

and absorption of moisture and oxygen in the asphalt mixture. This provides a 

remedy or gives further answers to our selection the 3% PP modified asphalt and 

also reasons behind the durability in terms of environmental factors. 

 Given my third objective is to determine the durability of polypropylene 

modified asphalt to that of the neat asphalt mixture, the performance test of 

the Indirect Tensile Strength test proved that the asphalt sample modified with 

3% of polypropylene improved the performance of the bituminous mixture by 

improving the Tensile Strength ratio by 9%. Comparing the two mixtures showed 
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that deformation resistance was highest for bituminous mixtures with 3% 

polypropylene. 

5.2 Recommendations 

 There is need for increased studies and reseach into polymer modification in 

asphalt mixtures with other different types of plastic for example polyvinyl 

chloride (PVC), Polyvinyl Acetate (PVA), polyethylene (PE) and Polyethylene 

Terephthalate (PET). This is because different types of plastic have different 

properties.  

 Further studies can be carried out to assess the viability of application of this 3% 

polypropylene modification in the field for both short-term and long-term aging 

rates of asphalt mixtures by carrying out simulated aging tests.  
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