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ABSTRACT 

Disposal of waste materials including plastic waste has become a serious problem in Uganda and 

plastic wastes burnt for apparent disposal cause environmental pollution. These wastes are non-

biodegradable in nature causing environmental pollution and hygiene problems. Research 

conducted at various institutions across the world indicates that plastic waste can be used in 

asphalting of roads. In this research, Plastic waste was coated around aggregate and mixed with 

bitumen to produce asphalt with plastic waste. The samples were subjected to various tests in the 

laboratory to determine their properties. The results of the research indicate that utilization of 

LDPE wastes is propitious in enhancing the the major properties of bitumen. 4% by the weight 

of total aggregate mix was found to be the optimum bitumen content to be added into aggregate 

mix and  5% by the weight of optimum bitumen content was found to be the optimum amount of 

LDPE waste content that should be mixed with bitumen. 

Keywords: Plastic waste, Bitumen, Aggregates, Plastic Asphalt mix 

  



ii 
 

DECLARATION  

We Najjemba Winnifred and Musamba Mahad solemnly declare that the work in this final year 

project report is as a result of our research and effort and it has never been published or presented 

to any College, University, or any other Institution for an academic award.  

Name:                     NAJJEMBA WINNIFRED 

Signature:  …………  

Date:        ………….27/09/2023 

 

Name:                     MUSAMBA MAHAD 

Signature:  …………  

Date:        ……………27/09/2023 

  



iii 
 

DEDICATION  

We dedicate this final year project report to our dear parents in appreciation for their parental 

support and selfless care provided to us since childhood and for the mentorship of hard work and 

determination delivered to us and lastly to everyone else that contributed towards making our 

research project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

APPROVAL 

 This final year project report is submitted to the Department of Polymer, Textile and Industrial 

Engineering in the partial fulfillment of the award of a bachelor’s degree of science in Polymer, 

Textile and Industrial Engineering with the approval of the Project supervisors:  

 Name:           Dr. NIBIKORA ILDEPHONSE  

Signature……….      Date…05th October 2023 

 

Name:           MR. MUWULYA VINCENT  

Signature………………           Date…27th September 2023  

Name:    MR. SSEBAGALA IVAN 

Signature………….   .     Date…28th September 2023 

 

 

 

 

 

 

 

 

 

 



v 
 

ACKNOWLEDGEMENT  

We wish to convey our sincere gratitude to our supervisors Dr. Nibikora Ildephonse, Mr. 

Muwulya Vincent and Mr. Ssebagala Ivan for encouraging us and allowing us to develop this 

research. We express our deepest appreciation to the project coordinator Dr. Musinguzi Alex for 

his timely and priceless guidance during the selection of the project title. Finally, we appreciate 

the guidance that was given by other supervisors and their full effort in guiding our team. To 

everyone we may have missed out, accept our appreciation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

Table of Contents 

ABSTRACT .................................................................................................................................... i 

DECLARATION........................................................................................................................... ii 

DEDICATION.............................................................................................................................. iii 

APPROVAL ................................................................................................................................. iv 

ACKNOWLEDGEMENT ............................................................................................................ v 

CHAPTER ONE: INTRODUCTION ......................................................................................... 1 

1.1 Background. ......................................................................................................................... 1 

1.2 Problem Statement. ............................................................................................................. 3 

1.3 Objectives ............................................................................................................................. 3 

1.3.1 Main Objective .............................................................................................................. 3 

1.3.2 Specific Objectives ........................................................................................................ 3 

1.4 Justification. ......................................................................................................................... 4 

1.5 Significance of the Study. ................................................................................................... 4 

1.6 Scope. .................................................................................................................................... 5 

1.6.1 Conceptual Scope. ......................................................................................................... 5 

1.6.2 Geographical Scope. ..................................................................................................... 5 

1.6.3 Time Scope. ................................................................................................................... 5 

1.7 Limitation of the Study. ...................................................................................................... 5 

CHAPTER TWO: LITERATURE REVIEW ............................................................................ 6 

2.1 Overview of Plastic. ............................................................................................................. 6 

2.2 Overview Polyethylene. ....................................................................................................... 7 

2.2.1 Characterization methods of polyethene .................................................................... 7 

2.2.1.1 FTIR ............................................................................................................................ 8 

2.2.1.2 Determination of thickness and density................................................................... 9 

2.2.1.3 Differential Scanning Calorimetry (DSC) ............................................................... 9 

2.3 Overview of Road Pavements........................................................................................... 10 

2.3.1 Modifiers...................................................................................................................... 11 

2.3.2 Processes used in road construction .......................................................................... 12 

2.3.2.1 Dry process ............................................................................................................... 12 

2.3.2.2. Wet process ............................................................................................................. 13 

2.3.3 Research gap ............................................................................................................... 13 



vii 
 

CHAPTER THREE. METHODOLOGY ................................................................................. 15 

3.1 Specific Objective One. To Characterize Bitumen, Polyethene Waste And Aggregates.

 ................................................................................................................................................... 15 

3.1.1 Collection of the material ........................................................................................... 15 

3.1.2 Characterizing Bitumen for penetration grade, softening point and flash/fire 

point. ..................................................................................................................................... 15 

3.1.2.1 Penetration grade. ................................................................................................... 15 

3.1.2.2 Softening point. ........................................................................................................ 16 

3.1.2.3 Flash point ................................................................................................................ 17 

3.1.3 Characterize Polyethene bag waste for TGA and FTIR ......................................... 17 

3.1.4 Characterization of aggregates.................................................................................. 18 

3.1.4.1 Sieve analysis ............................................................................................................ 18 

3.2 Specific Objective Two.  To optimize the blend (bitumen, polyethene waste and 

aggregate) for both neat sample and modified sample. ....................................................... 19 

3.2.1 Design of Experiment. ................................................................................................ 19 

3.2.2 Sample preparation of the modified sample ............................................................ 21 

3.2.3 Testing methods .......................................................................................................... 23 

3.2.4 Running of the optimization scheme ......................................................................... 25 

3.3 Specific objective three: To compare the neat and optimized sample. ........................ 26 

3.3.1 Preparation of  a Neat Sample................................................................................... 26 

3.3.2 Optimized sample. ...................................................................................................... 27 

3.3.3 Comparison of properties between neat and optimized sample. ............................ 27 

CHAPTER FOUR: RESULTS AND DISCUSSIONS ............................................................. 28 

4.1 Characterization of bitumen, polyethene waste and aggregates................................... 28 

4.1.1 Physical properties of 60/70Grade bitumen. ............................................................ 28 

4.1.2 FTIR analysis .............................................................................................................. 29 

4.1.3 Aggregate gradation and Sieve analysis. .................................................................. 30 

4.2 D.O.E Anova results for the Marshall Stability,Flow,Voids and Denstity of modified 

pavement samples .................................................................................................................... 33 

4.2.1 Marshall stability ........................................................................................................ 33 

4.2.2 Flow .............................................................................................................................. 35 

4.2.3 Density ......................................................................................................................... 37 

4.2.4 Voids ............................................................................................................................ 39 



viii 
 

4.2.5  Results for the optimised values from D.O.E software. ......................................... 42 

4.3 Results for the neat samples and experimental optimal modified sample. .................. 43 

4.3.1 Results for optimal modified PE sample comparing the predicted optimal in 

D.O.E vs the  experiment. ................................................................................................... 43 

4.3.2 Results of neat sample tests........................................................................................ 44 

4.4 Comparison of properties of both optimal neat and optimal modified sample. .......... 46 

4.4.1 Anova tests for the comparison between the Optimal modified and Optimal neat 

samples. ................................................................................................................................. 48 

CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS ..................................... 51 

5.1 Conclusion. ......................................................................................................................... 51 

5.2 Recommendation................................................................................................................... 51 

APPENDIX ................................................................................................................................... 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

LIST OF FIGURES 

Figure 1: showing polymerization of ethylene to form polyethylene ....................................... 7 

Figure 2:showing DSC of single-use bags analyzed HDPE bag, LDPE bag and Mixture ... 10 

Figure 3:showing Mixing of Shredded Plastic Waste into Aggregates .................................. 12 

Figure 4:showing the flow chart for the dry process ............................................................... 13 

Figure 5:showing the flow chart for the wet process ............................................................... 13 

Figure 6:Showing shredding of PE wastes................................................................................ 15 

Figure 7:Showing carrying out of penetration test using penetrometer apparatus. ............ 16 

Figure 8:Showing ring and ball apparatus, beaker with water, gas cylinder set up for 

testing softening point of bitumen ............................................................................................. 17 

Figure 9:Showing FTIR machine we used ................................................................................ 18 

Figure 10:Showing us carrying out sieving of aggregates for grading .................................. 19 

Figure 11:Showing pre heating of aggregates in the oven....................................................... 22 

Figure 12:Showing the Process during dry mixing of aggregates and PE wastes ................ 22 

Figure 13:Showing the process of transferring hot mixture into the mold and compaction of 

the samples with 75 blows each side .......................................................................................... 23 

Figure 14:Showing the PE modified pavement samples ......................................................... 23 

Figure 15:Showing Marshall stability testing machine apparatus ......................................... 24 

Figure 16:Showing us carrying out Marshall stability and flow tests for our modified 

pavement samples. ...................................................................................................................... 24 

Figure 17:Showing Testing process for Marshall density and voids ...................................... 25 

Figure 18:Showing neat samples labelled according to bitumen percentage ........................ 27 

Figure 19:FTIR results for the PE waste bags we used ........................................................... 29 

Figure 20:Showing Aggregate Gradation curve ...................................................................... 31 

Figure 21:Showing predictive vs actual (A), Response surface contour (B) and three-

dimensional plots (C) for Marshall Stability of PE modified sample. ................................... 34 

Figure 22:Showing predictive vs actual (A), Response surface contour (B) and three-

dimensional plots (C) for Marshall Flow of PE modified sample .......................................... 36 

Figure 23:Showing predictive vs actual (A), Response surface contour (B) and three-

dimensional plots (C) for Density of PE modified sample ...................................................... 39 

Figure 24:Showing predictive vs actual (A), Response surface contour (B) and three-

dimensional plots (C) for Density of PE modified sample ...................................................... 41 

Figure 25:Showing graphs of optimized values of responses vs. multiple variables using 

RSM .............................................................................................................................................. 43 

Figure 26:showing graphs for Marshall stability, flow, density and voids for neat samples 45 

Figure 27:showing a histogram for comparison between the Optimal modified and Optimal 

neat sample .................................................................................................................................. 48 

Figure 28: Showing the process of mixing aggregate, PEbag waste and bitumen using dry 

process .......................................................................................................................................... 57 

 

file:///C:/Users/vanin/Downloads/final%20report%202023%20WINNIE%20ans%20%20mahad%20EDITED%20REPORT%20(1).docx%23_Toc146352641
file:///C:/Users/vanin/Downloads/final%20report%202023%20WINNIE%20ans%20%20mahad%20EDITED%20REPORT%20(1).docx%23_Toc146352651
file:///C:/Users/vanin/Downloads/final%20report%202023%20WINNIE%20ans%20%20mahad%20EDITED%20REPORT%20(1).docx%23_Toc146352651


x 
 

LIST OF TABLES 

Table 1: Showing Frequency and functional group of the peaks ............................................. 8 

Table 2 showing Density ranges obtained for every polymer present in PE bag .................... 9 

Table 3: showing the sieves and the grading sieve passing ..................................................... 19 

Table 4: Showing the runs obtained from D.O.E ..................................................................... 20 

Table 5:showing the calculations for the actual weights of bitumen, PE wastes and 

aggregate grades we mixed for LDPE waste modified samples ............................................. 21 

Table 6: showing how data was presented in D.O.E software before running optimization 25 

Table 7 showing results of physical properties of 60/70 grade bitumen ................................ 28 

Table 8: showing aggregate grading and their percentage passing that was used for the mix 

design ............................................................................................................................................ 32 

Table 9: showing ANOVA results for responses for Marshall stability of modified asphalt 

mixture. ........................................................................................................................................ 33 

Table 10 showing ANOVA results for responses for Marshall flow of modified asphalt 

mixture. ........................................................................................................................................ 35 

Table 11 showing ANOVA results for responses for Density of modified asphalt mixture. 37 

Table 12 showing ANOVA results for responses for voids of modified asphalt mixture. .... 39 

Table 13: showing selected optimal values from D.O.E .............................................................. 42 

Table 14: showing summarized results of optimized values with their equations from D.O.E

....................................................................................................................................................... 42 

Table 15: Showing results for optimal modified PE sample ................................................... 44 

Table 16: showing test results for the Marshall properties of the neat samples ................... 44 

Table 17:showing the selected Optimal neat sample ............................................................... 46 

Table 18: showing Marshall properties values at Optimal neat sample ................................ 46 

Table 19: showing the comparison between the Optimal modified sample and Optimal neat 

samples ......................................................................................................................................... 47 

Table 20: showing ANOVA results for responses of optimal modified and optimal neat 

samples ......................................................................................................................................... 48 

Table 21: Showing summary results of Run one-way anova for the Marshall properties... 49 

 

 

 

 

 

  



xi 
 

ABBREVIATIONS 

PET:             Polyethylene therephalate 

PE:                Polyethene 

LDPE:          Low density polyethylene 

HDPE:          High density polyethylene 

RSM:            Response surface methodology 

D.O.E:          Design of experiment software  

Eqn               Equation 

SS                  Sum of Squares  

df                  Degree of freedom 

MS                Mean Square   

P-Value         Probability Value 

 

 

 

 

 

 

 

 

 

 



1 
 

CHAPTER ONE: INTRODUCTION 

1.1 Background. 

In recent years, the world has experienced an increase in plastic waste disposal; linked to 

urbanization, and rapid population growth among others. Globally, Asia has dominated plastic 

production with 51% of which China accounting for 31% of all global output. Asia is then 

followed by North America with 18%, Europe 17%, and the others  14% others (Jhunjhunwala, 

2020). Since the invention of plastic, 8.3 billion tonnes of plastic materials have been produced 

for consumer use in industry, along with 6.3 billion tonnes of plastic waste, of which 9% have 

been recycled, 12% have been destroyed by burning, and 79% have been dumped into landfills. 

Due to the exceptional chemical properties of plastic materials, which are not biodegradable, it 

takes the environment approximately 4500 years to degrade.(Gidigbi et al., 2020). Plastic bags, 

also known as polyethylene bags, are polymeric materials that are lightweight, strong, flexible, 

and waterproof. They also cost little, which has led to their widespread use. Grocery stores, 

markets, and other retailers are the primary places to find them, with markets serving as the 

primary source (Nabila et al., 2020). Due to the industrial revolution and a drop in the price of 

plastic bags, today's usage and disposal of plastic bags has expanded at a very high pace as 

indicated by those that are found hanging from tree branches, floating through the air on windy 

days, settling in bushes, sewage lines, and also in rivers. This has led to issues with human and 

plant health as well as a decline in environmental benefit. (Rajneesh Kumar & Maaz Allah Khan, 

2020).  

In Africa according to (Sadan & de Kock, 2021), With 5% output and 4% of the world's plastic 

volume used, plastic manufacturing has been rising dramatically. 2015 saw a production of 19 

million tonnes, of which 17 million tonnes were improperly managed and ended up in landfills 

and rivers. By 2060, it is anticipated that the 60-99 million tonnes of improperly disposed plastic 

garbage generated worldwide in 2015 will have tripled (Sadan & de Kock, 2021). Numerous 

African nations set up legislation to enforce the prohibition on the use, production, and import of 

plastic bags in 2018 as a result of the harm posed by excessive plastic bag use. This regulation's 

enforcement faced challenges when being put into effect in African nations, but was successful 

when put into effect in Rwanda(Sadan & de Kock, 2021).  
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