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ABSTRACTS 

 

This research focuses on the use of waste LDPE (waste shopping bags) as an additive 

in asphalt mixtures for road construction in Sri Lanka. With the country’s limited 

infrastructure, the accumulation of waste plastic remains a significant environmental 

challenge. Consequently, this research aims to address environmental concerns while 

enhancing road performance through the incorporation of waste LDPE in Warm Mix 

Asphalt (WMA) technology. The related study investigates the mechanical properties, 

durability, and energy efficiency of waste LDPE-modified asphalt that includes 

Sasobit as an additive. 

Various laboratory experiments were carried out using different compositions of 

LDPE (2%, 4%, 6%, and 8% by weight of bitumen) along with Sasobit (3% and 5% 

by weight of bitumen). Results showed that 6% LDPE combined with 3% Sasobit 

generated the most enhanced performance for stability, flexibility, and environmental 

stress, like cracking and rutting, compared to the conventional asphalt mixture. 

Besides, the produced LDPE modified asphalt exhibited excellent workability with 

lower bitumen heating temperatures, which can save considerable energy 

consumption in producing LDPE modified asphalt. 

The cost analysis confirmed that mixing both LDPE and Sasobit into the asphalt 

mixtures were more beneficial from an economic perspective, due to the reduction in 

cost of material and energy consumption. Moreover, the incorporates LDPE waste also 

helps cope with the plastic pollution, and it gives sustainable solution for plastic 

problems with other waste management and infrastructure development. 

In conclusion, this research signifies that LDPE-modified asphalt mixtures can be 

employed as a sustainable alternative for Sri Lankan Road construction, serving the 

dual purpose of improving road quality and ameliorating plastic waste. Additional 

investigations are required to assess the long-term durability of these mixtures and to 

consider the incorporation of other types of plastic waste in the asphalt. 

Keywords: LDPE waste, warm mix asphalt, sustainability, bitumen, road construction. 

 

 

 

 

 

 

 

 

 

 



iv 

 

TABLE OF CONTENTS 

DECLARATION ................................................................................................ i 

ACKNOWLEDGEMENT ................................................................................. ii 

ABSTRACTS .................................................................................................... iii 

TABLE OF CONTENTS .................................................................................. iv 

LIST OF FIGURES ......................................................................................... viii 

LIST OF TABLES ............................................................................................. x 

LIST OF ABBREVIATIONS .......................................................................... xii 

CHAPTER 1. INTRODUCTION .................................................................. 1 

1.1 Background of the Study ..................................................................... 1 

1.2 Problem Statement .............................................................................. 2 

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

1.4 Research Questions ............................................................................. 3 

1.5 Scope of the Study .............................................................................. 4 

1.6 Justification for the Study ................................................................... 4 

1.7 Structure of the Thesis ........................................................................ 4 

CHAPTER 2. LITERATURE REVIEW ....................................................... 5 

2.1 Introduction ......................................................................................... 5 

2.2 History of Polymer Usage in Asphalt ................................................. 5 

2.3 Classification of Asphalt Mixtures ...................................................... 5 

2.4 Asphalt Mixing Technologies ............................................................. 6 

2.4.1 Hot Mix Asphalt Technology ................................................. 6 

2.4.2 Warm Mix Asphalt Technology ............................................. 6 

2.4.3 Cold Mix Asphalt Technology ............................................... 7 

2.5 The Primary Materials used in Asphalt Mixture ................................. 7 

2.5.1 Aggregates .............................................................................. 7 

2.5.2 Bitumen .................................................................................. 7 

2.6 Asphalt Mixtures’ Properties .............................................................. 8 

2.7 Gradation Specification for Asphalt .................................................... 9 

2.8 Mechanical Properties Specifications for Asphalt ............................ 10 



v 

 

2.9 Plastic Polymers ................................................................................ 11 

2.10 Ecological Aspects of Using Modified Bitumen .............................. 12 

2.11 Polymer-modified Asphalt Mixture .................................................. 13 

2.12 Integration of Plastic Waste in Road Construction ........................... 13 

2.13 Economic Aspects of Using Modified Bitumen ............................... 15 

2.14 Engineering Practices for the Use of Plastic Waste in Asphalt ........ 16 

2.15 Polymer-modified Asphalt Construction for Sri Lanka .................... 17 

2.16 Past Research Findings on Waste LDPE as an Asphalt Additive ..... 17 

2.17 Past Research Findings on Sasobit as an Asphalt Additive .............. 18 

CHAPTER 3. METHODOLOGY ............................................................... 19 

3.1 Research Design Method .................................................................. 19 

3.2 Method of Data Collection ................................................................ 20 

3.2.1 Primary Data Sources ........................................................... 20 

3.2.2 Secondary Data Sources ....................................................... 20 

3.3 Sample Size and Sampling Techniques ............................................ 20 

3.3.1 Material Collection ............................................................... 20 

3.3.2 Sampling Techniques ........................................................... 21 

3.4 Testing of Materials Properties ......................................................... 21 

3.4.1 Aggregates ............................................................................ 21 

3.4.2 Bitumen ................................................................................ 22 

3.4.3 Sasobit .................................................................................. 23 

3.4.4 Waste LDPE Shopping Bags ................................................ 23 

3.5 Preparation of Conventional Mix and Marshall Tests ...................... 23 

3.5.1 Blending Proportion ............................................................. 23 

3.5.2 Determination of Optimum Bitumen Content ...................... 26 

3.6 Preparation Procedure for Waste LDPE Modified Mix and Marshall 

Tests .................................................................................................. 26 

3.7 Testing of Properties of Marshall in LDPE-Sasobit Modified Asphalt 

Mixtures ............................................................................................ 27 

3.7.1 Preparation of Sasobit-Modified Bitumen ........................... 27 

3.7.2 Incorporation of LDPE ......................................................... 28 



vi 

 

3.7.3 Marshall Stability Test ......................................................... 28 

3.7.4 Testing of Additional Properties .......................................... 29 

3.8 Cost Analysis Method ....................................................................... 29 

3.8.1 Diesel Savings from Bitumen Heating ................................. 29 

3.8.2 Diesel Savings from aggregate heating ................................ 30 

CHAPTER 4. ANALYSIS OF EXPERIMENTAL RESULTS AND 

DISCUSSION ……………………………………………………………...32 

4.1 Analysis of Properties of Aggregate Materials ................................. 32 

4.2 Analysis of Properties of Bitumen .................................................... 33 

4.3 Blending of Aggregate Materials ...................................................... 34 

4.4 Analysis of Marshall Mix Design for Conventional Asphalt Mix .... 36 

4.4.1 Stability vs Bitumen Content ............................................... 37 

4.4.2 Flow vs Bitumen Content ..................................................... 38 

4.4.3 Air Voids vs Bitumen Content ............................................. 38 

4.4.4 Voids in Mineral Aggregate Vs Bitumen Content ............... 39 

4.4.5 Determination of Optimum Bitumen Content ...................... 40 

4.5 Details analysis of the effect of adding Sasobit to 60/70 Grade 

Bitumen ............................................................................................. 41 

4.6 Analysis of LDPE Mixing Processes ................................................ 42 

4.6.1 Wet Process .......................................................................... 42 

4.6.2 Dry Process ........................................................................... 43 

4.7 Analysis of Marshall Properties of LDPE, Sasobt Modified Asphalt 

Mixture .............................................................................................. 43 

4.7.1 Analysis of the Effect of Waste LDPE% on Stability .......... 44 

4.7.2 Analysis of the Effect of Waste LDPE% on Air Voids ....... 45 

4.7.3 Analysis of the Effect of Waste LDPE% on VMA .............. 46 

4.7.4 Analysis of the Effect of Waste LDPE% on Flow ............... 47 

4.7.5 Analysis of the Effect of Waste LDPE% on Bulk Specific 

Gravity .................................................................................. 48 

4.7.6 Analysis of Optimum Sasobit% ........................................... 49 

4.8 Analysis of Cost ................................................................................ 49 

4.8.1 Analysis of Material Cost ..................................................... 49 



vii 

 

4.8.2 Analysis of Diesel Consumption at the Keragala Asphalt 

Plant ...................................................................................... 51 

4.9 Summary of the Results .................................................................... 55 

4.9.1 Stability ................................................................................ 55 

4.9.2 Air Voids .............................................................................. 55 

4.9.3 Voids in Mineral Aggregate ................................................. 56 

4.9.4 Bulk Density ......................................................................... 56 

4.9.5 Flow ...................................................................................... 56 

4.9.6 Comparison of Hot Mix and Warm Mix Costs .................... 57 

4.9.7 Effect of Sasobit and LDPE on Costs .................................. 57 

4.9.8 Diesel Savings for Bitumen and Aggregate Heating ............ 57 

4.9.9 Financial Impact of Diesel Savings ...................................... 58 

4.9.10 Environmental Impact of LDPE Waste ................................ 58 

4.9.11 Implications for Sustainability ............................................. 58 

CHAPTER 5. CONCLUSION, RECOMMENDATIONS, AND FUTURE 

RESEARCH ……………………………………………………………...59 

5.1 Conclusion ......................................................................................... 59 

5.2 Recommendations ............................................................................. 60 

5.2.1 Optimizing Additive Usage .................................................. 60 

5.2.2 Energy Efficiency Initiatives ................................................ 60 

5.2.3 Plastic Waste Management .................................................. 60 

5.2.4 Economic Viability ............................................................... 60 

5.3 Research Limitations and Future Research ....................................... 60 

5.3.1 Limitations ............................................................................ 60 

5.3.2 Future Research .................................................................... 61 

REFERENCES ................................................................................................. 62 

APPENDIX-A. Laboratory Test Results ......................................................... 65 

APPENDIX-B. Diesel Consumption Data – Keragala Asphalt Plant .............. 82 
 

 

 

 

 



viii 

 

LIST OF FIGURES 

Figure 1.1 Per Capita Plastic Consumption Country-wise  [2] .................................... 1 

Figure 2.1 ICTAD Gradation Limits for Wearing Course Type 1[23] ...................... 10 

Figure 2.2 Types of Plastic Polymer .......................................................................... 11 

Figure 2.3 Dry Process of Adding LDPE................................................................... 14 

Figure 2.4 Wet Process of Adding LDPE .................................................................. 14 

Figure 3.1 Process Flow Diagram of Research Methodology ................................... 19 

Figure 3.2 Type of Materials ...................................................................................... 21 

Figure 3.3 Sizes of Aggregate Materials .................................................................... 22 

Figure 3.4 Bitumen Sample........................................................................................ 22 

Figure 3.5 Marshall Compaction Mould .................................................................... 24 

Figure 3.6 Marshall Compaction Machine................................................................. 25 

Figure 3.7 Marshall Stability & Flow Testing Machine ............................................ 25 

Figure 3.8 Marshall Mix Design Samples prepared with 4.5% bitumen ................... 26 

Figure 3.9 Sasobit Mixing with 60/70 Bitumen ......................................................... 27 

Figure 4.1 Particle Size Distribution of Aggregate Materials .................................... 34 

Figure 4.2 Gradation of Final Aggregate Mix ........................................................... 35 

Figure 4.3 Stability vs Bitumen Content .................................................................... 37 

Figure 4.4 Flow vs Bitumen Content ......................................................................... 38 

Figure 4.5 Air Voids vs Bitumen Content ................................................................. 39 

Figure 4.6 Voids in Mineral Aggregates vs Bitumen Content ................................... 40 

Figure 4.7 LDPE Mixing with Sasobit-modified Bitumen mixture ........................... 42 

Figure 4.8 Marshall Core Samples ............................................................................. 43 

Figure 4.9 Stability vs LDPE % weight of Bitumen .................................................. 44 

Figure 4.10 Air Voids vs LDPE% weight of Bitumen............................................... 45 



ix 

 

Figure 4.11  Voids in Mineral Aggregate vs LDPE% weight of Bitumen ................ 46 

Figure 4.12 Flow vs LDPE % weight of Bitumen ..................................................... 47 

Figure 4.13 Bulk Specific Gravity vs LDPE % weight of Bitumen .......................... 48 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

LIST OF TABLES 

Table 2.1 Properties of Asphalt Mixtures .................................................................... 8 

Table 2.2 ICTAD Gradation Limits for Wearing Course Type-1[23] ......................... 9 

Table 2.3 ICTAD Mechanical Properties for Wearing Course Asphalt [23] ............. 10 

Table 2.4 Melting Points & Applications of Polymer Types ..................................... 12 

Table 2.5 Engineering Practices by Country for the Use of Waste Plastics in Asphalt

 .................................................................................................................................... 16 

Table 3.1 Type of materials and their sources ........................................................... 20 

Table 3.2 Sasobit Data Sheet ..................................................................................... 23 

Table 3.3 Blending Proportions for each Specific ..................................................... 24 

Table 3.4 Mixing Proportion of Bitumen, LDPE, and Sasobit 3% ............................ 27 

Table 3.5 Mixing Proportion of Bitumen, LDPE, and Sasobit 5% ............................ 27 

Table 4.1 Test Results of Aggregate Materials .......................................................... 32 

Table 4.2 Bitumen Test Results ................................................................................. 33 

Table 4.3 Sieve Analysis Results of Aggregate Materials ......................................... 34 

Table 4.4 Proportion of each Aggregate Material from Proposed Mix ..................... 35 

Table 4.5 Gradation of Proposed Mix with ICTAD Specification Limits ................. 35 

Table 4.6 Test Results of the Marshall Mix Design .................................................. 36 

Table 4.7 Summary of the Marshall Mix Design ....................................................... 37 

Table 4.8 Acceptable range of Bitumen Content vs Properties ................................. 40 

Table 4.9 Summarized Mix Design ........................................................................... 41 

Table 4.10 Effect of Bitumen Properties with adding Sasobit ................................... 41 

Table 4.11 Mixing Proportion for Preparing 1 MT of Asphalt .................................. 49 

Table 4.12 Total Material Cost (Except Aggregate Cost) ......................................... 50 

Table 4.13 Historical Diesel Cost from June 2023 to October 2023 [53].................. 52 

Table 4.14 Diesel Consumption for Bitumen Heating ............................................... 52 



xi 

 

Table 4.15 Diesel Consumption for Aggregate Heating for Wearing Course ........... 53 

Table 4.16 Diesel Consumption for Aggregate Heating for Cutback ........................ 54 

Table 4.17 Total Production Cost per MT (except Aggregate) ................................. 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



xii 

 

LIST OF ABBREVIATIONS 

AASHTO - American Association of State Highway and Transportation Officials 

AIV  - Aggregate Impact Value 

ASTM  - American Society for Testing and Materials 

CMA  - Cold Mix Asphalt 

FI  - Flakiness Index 

HDPE  - High Density Polyethylene 

HMA   - Hot Mix Asphalt 

ICTAD - Institute of Construction Training and Development 

LAAV  - Los Angeles Abrasion Value 

LCA  - Life Cycle Assessment 

LDPE  - Low-Density Polyethylene 

OBC  - Optimum Bitumen Content 

PET  - Polyethylene Terephthalate 

PMA  - Polymer Modified Asphalt 

PS  - Polystyrene 

PVC  - Polyvinyl Chloride 

RDA  - Road Development Authority 

SG  - Specific Gravity 

UK  - United Kingdom 

USA  - United States of America 

Va  - Air Voids 

VMA  - Voids in Mineral Aggregates 

WMA   - Warm Mix Asphalt 

 

 

 

 

 

 

 

 

 

 


	Date2_af_date: 23-Aug-2025
	Date4_af_date: 24-Aug-2025


