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Abstract


Road surfacing repairs are conventionally undertaken using hot mix asphalt, a process associated with significant challenges, including fire hazards and contributions to global warming due to the elevated temperatures required to ensure adequate fluidity of the viscous binder during the production of bituminous materials. As an alternative, cold mix asphalt presents a more environmentally sustainable option, particularly when produced using non-biodegradable polythene packaging waste, which is commonly discarded in open environments across both rural and urban areas in developing countries. The incorporation of such waste materials offers multiple advantages, including the reduction of environmental pollution caused by dispersed polyethylene debris, decreased reliance on bitumen, and mitigation of bitumen oxidation. In this study, the cold mix asphalt binder was prepared by modifying bitumen with 5% dissolved polythene by weight, across varying binder contents. The asphalt mixture was formulated in accordance with a specified design mix comprising 25% coarse aggregates, 5% fine aggregates, and 70% quarry dust. The results demonstrated that plastic modification at an optimum binder content of 6% produced the highest Marshall stability, with all volumetric parameters remaining within acceptable specification limits. Additionally, the modified mixture exhibited notable resistance to moisture-induced damage, with stability values of 7.4 kN and 7.24 kN recorded for mixtures with and without dissolved polythene, respectively, both exceeding the minimum requirement of 3 kN. Overall, the findings indicate that the incorporation of dissolved polythene into asphalt mixtures is both technically feasible and beneficial, enhancing mechanical performance and durability. This approach represents a promising and sustainable strategy for large-scale plastic waste utilisation in infrastructure development.
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INTRODUCTION
The quality of constituent materials and adherence to technical standards during implementation are critical determinants of asphalt mixture performance. In this regard, regulatory frameworks established by the Ministry of Public Works and Public Housing prescribe specific requirements governing both material quality and technical standards for asphalt mixtures [1]. Deficiencies in material quality and substandard construction practices have been identified as primary contributors to pavement deterioration [2]. Additional factors include excessive traffic loading and adverse climatic conditions, particularly high rainfall, which promotes water accumulation on road surfaces [3]. The ingress of water weakens the adhesive bond between asphalt and aggregates, and, when combined with repeated loading from heavy vehicles, accelerates the degradation of pavement integrity [4]. Despite these challenges, flexible pavements remain the most economically viable option, although approximately 75% of the asphalt required to meet domestic demand continues to be imported [5].
Concurrently, plastic waste has emerged as a significant environmental concern in Nigeria. Recent evidence indicates that the country is among the leading contributors to global plastic pollution, ranking second worldwide after India, with an estimated annual generation of approximately 3.5 million tonnes of plastic waste. Lagos, in particular, has been identified as a major global hotspot for plastic pollution. Current waste management practices remain inadequate, with less than 12% of plastic waste being recycled, while over 80% is disposed of in landfills and open dumps. Studies further indicate that 20% of marine plastic debris originates from sea-based activities, whereas 80% is derived from land-based sources; of this proportion, 75% is attributed to uncollected waste and 25% to formal urban waste management systems. Recycling alone has proven insufficient to significantly reduce plastic leakage into marine environments [7, 8]. Moreover, only a small fraction (approximately 12%) of plastic materials possesses high recycling value, while the majority (around 88%), including Low-Density Polyethylene (LDPE), Polystyrene (PS), and Polypropylene (PP), are classified as medium- to low-value plastics and are more likely to accumulate in terrestrial and marine ecosystems. These materials are highly persistent, often requiring several centuries to degrade, thereby exacerbating environmental pollution. Addressing plastic waste pollution, particularly in marine environments, necessitates coordinated local-level interventions alongside broader global strategies.
Polythene exhibits distinct thermal characteristics that make it suitable for incorporation into asphalt mixtures. Upon heating, it softens at temperatures ranging between 100°C and 160°C without significant gas emission. Thermal decomposition occurs between 270°C and 350°C, resulting in the release of methane and ethane gases, while temperatures exceeding 700°C lead to combustion and the emission of carbon monoxide and carbon dioxide. Two principal methods are employed for incorporating plastic waste into asphalt mixtures. The wet process involves the direct blending of plastic waste with hot bitumen to achieve a homogeneous mixture, whereas the dry process entails mixing plastic waste with preheated aggregates prior to the addition of hot bitumen [9, 10]. In the dry process, plastic is introduced to aggregates heated to temperatures between 140°C and 160°C, forming a thin coating over the aggregate surface. Subsequently, hot bitumen at approximately 160°C is added, allowing partial diffusion through the plastic layer and facilitating effective binding with the aggregates [11].
Ongoing research efforts have focused on modifying pavement materials through the incorporation of plastic waste to enhance performance characteristics. Common sources of polypropylene (PP) waste include packaging materials such as instant noodle wrappers, coffee sachets, snack packaging, and sachet water bags, while polystyrene (PS) waste is typically derived from Styrofoam food and beverage containers [12].
In light of the aforementioned challenges and the potential utility of plastic waste, it is both relevant and technically feasible to investigate the modification of asphalt mixtures using low-value plastic materials. The present study specifically evaluates the performance of cold mix asphalt incorporating polypropylene waste, with particular emphasis on sachet water packaging. This research addresses a notable gap in the existing literature, as previous studies have predominantly examined mixed polymer systems, including LDPE, PP, and PS. By focusing exclusively on PP waste, this study aims to better reflect real-world waste streams and enhance the practical scalability of such applications, thereby contributing to sustainable infrastructure development and effective waste management strategies [6–8].
The following are the objective of the study;
1. To produce cold asphalt that can be easily applied anytime of the year under any weather condition.
1. To improve the performance of cold asphalt.
1. To produce cold asphalt that will be more economical in road construction and maintenance.
1. To obtain a strong, trafficable, long lasting and skid resistance waterproof surface after applying cold asphalt.
1. To compare the strength of ordinary cold asphalt to the strength of that produced with dissolved pure water sachet. 

MATERIALS AND METHODS
The apparatus and equipment used to carry out this research work was found in civil engineering department, Waziri Umaru Federal polytechnic Birnin Kebbi, Kebbi state, Nigeria. E,g Electronic and Manual weighing balance, Sets of sieves, Sample tray, Spatula, Cans, Moulds, Scoop, Extruder, Chisel, Asphalt compacting apparatus, Oven, Filter paper, Marshal stability and flow machine. Other material description and sources are also stated in the table below:
Table 1. Materials collected from different sources
	S/No
	Material
	Description/ characteristics
	Sources

	1
	Bitumen (60/70)
	It is black in colour
	Civil engineering laboratory, waziri umaru federal polytechnic Birnin Kebbi.

	2
	Aggregate 
	It must be hard enough to withstand abrasion and aggressive exposure
	Civil engineering laboratory, waziri umaru federal polytechnic Birnin Kebbi.

	3
	Filler 
	It must be well graded to fill the pores of coarse aggregate
	Civil engineering laboratory, waziri umaru federal polytechnic Birnin Kebbi.

	4

	Pave-192
	A highly effective adhesion promoter used in asphalt production. Which distinguishes CMA from HMA
	federal road maintenance agency (FERMA)

	5
	DPK
	Petroleum product
	Local source



The following are the procedures and method adopted to achieve the desired aims and objective;
i. Material sourcing
ii. Determination of specific gravity
iii. Sieve analysis
iv. Mix design
v. Asphalt production
vi. Laboratory tests

Specific gravity of Aggregate
The specific gravity of the aggregate was determined by soaking the sample in distilled water in a container. It is later surface dried and weighed in air, and then the sample is oven dried for 24hrs and weighed in air again. The specific gravity is determined by dividing the weight of the oven dried sample in air by the difference between the saturated sample weights in air and water.

Sieve analysis
In sieve analysis, a representative dry aggregate sample of known mass is passed through a series of sieves arranged in decreasing order of aperture size. Following separation, the mass of material retained on each sieve is determined and related to the total sample mass. The particle size distribution is subsequently expressed as the percentage by weight retained on each sieve. The results are typically presented in either tabular or graphical form for ease of interpretation.
In carrying out the sieve analysis, four different samples was tested, this include, Quarry dust, 1/2", 3/8", and Filler.
i. Percentage retained on any sieve=
ii. Cumulative percentage retained on any sieve= sum of percentage retained on all coarser sieves

Material blending
The ability to proportion and combine aggregates to achieve a specified target gradation is a critical factor in the production of high-quality asphalt concrete pavements. Aggregate blending involves the systematic combination of materials with different particle size distributions in defined proportions to obtain the desired overall gradation. In asphalt concrete production, this typically requires the integration of two or more aggregate sources, each characterised by distinct gradations, to produce a composite blend that conforms to the specified grading requirements for a given asphalt mixture.
Bitumen modification
The addition of small quantity of plastic (polythene) vastly changes the properties of bitumen. In this project a certain quantity of pure water satchets was used. A small quantity of kerosene was poured into a pot and heated (with a stove), the pure water satchets were added to the kerosene gradually, which melted and mixed with the kerosene. More pure water sachets was added and mixed thoroughly till the resulting sample becomes sticky. The final sample was measured and added to the bitumen.

Cold bitumen production
The production of cold bitumen was done by heating the bitumen (60/70) a little, which was already solidified so as to allow it to flow and to make it easier to measure. The measured bitumen was poured into the container along with the measured pure water satchets and certain percentage of kerosene was added so as to reduce the viscosity. The sample was heated to about 1500C and allowed to cool, and the pave 192 was added to the sample to allow the sample to flow throughout the entire production process and for a very long time (a substance which distinguishes it from Hot Asphalt production which solidifies after 24hrs). The resulting sample was mixed thoroughly together at normal temperature. The percentage of the materials used and their corresponding weights was obtained. 
	
Cold Asphalt production 
The various percentages of the aggregates and fillers were determined by the job mix formula for the required grading as obtained in the sieve analysis. The percentages and weights of the aggregates and filler used in the aggregate mix are were obtained;
The resulting aggregates mix and bitumen were poured into a container and mixed thoroughly at ambient temperature. The aggregate mix was heated a little before the mixing was done. The percentages and weights of the final mix were obtained; 
Compaction
1200g of the aggregate mix was measured and 5% bitumen of 1200g was taken and mixed thoroughly at ambient temperature to produce the overall mix and some amount not less than 1000g is placed on the mould and compacted using the compaction apparatus at 75 blows for each side. In doing this, the round end of the rammer is lifted up and allowed to fall freely until the required amount of blows is given; the same is done to the other side of the specimen. The mould containing the material was removed from the compactor and extruded using the extruder to remove the material from the mould. The resulting material is known as asphalt concrete. The resulting material was labelled and the procedure was repeated for varying values of the bitumen percentages (5.5%, 6%, 6.5%, and 7%).
Marshal stability test 
This test is carried out to determine the properties of the produced cold asphalt mix. It helps in determining the ability to withstand vehicular deformation. It can also be used to determine the optimum bitumen content that can provide maximum stability, maximum density, minimum void percentage and flow deflection of the produced cold asphalt. This test can be achieved through the following steps stated below;
1. Thoroughly mix the various sizes of aggregate together with the filler at room temperature.
2. Add initial liquid mix content of 5% to the mix.
3. Mix resulting sample together.
4. Oil the mould and place filter paper into the mould.
5. Fill in the sample inside the mould and poke it with spatula.
6.  Compact the sample in one layer for 75 blows.
7. Turn the compacted sample to the other side and repeat 75 blows.
8. Extrude the sample from the mould using the extruder.
9. Determine the weight of the asphalt in air and also the weight in water.
10. Place the samples in water for 30min at 600C
11. Crush the sample in the stability machine and determine the stability and flow.
12. Repeat the procedure at increase liquid mix content of (5.5%, 6%, 6.5%, and 7%) respectively.
13. Compute and plot the graph of density, void in bitumen, marshal stability, void in mix, and flow against percentage of bitumen by weight in it.

RESULTS
Marshal stability graph sheet   
This is a sheet showing the graphical representation of the data obtained in the marshal stability table. From the graphs the following parameters can be obtained; maximum density, maximum stability, void in mix, void filled with bitumen, and optimum bitumen content.
I. Bulk density; this is a graph showing the relation between the bulk density and percentage binder content of the samples. The graph shows an increase in weight with increase bitumen content until it reaches the optimum bulk density, then decreases and the maximum densities occurs at 2.17 and 2.115 respectively. The figure further shows that at binder content of 6.10, the one with bitumen has a weight of 2.17, but that with polythene has a weight of 2.115, showing that the one produced with polythene is lighter than that without polythene.
 

II. Void in total mix; this is a graph showing the relationship between the void in total mix and the binder content. This graph shows a decreasing percentage air void with increasing bitumen content till the minimum obtainable void value is reached then shows a slight increase, which means the aggregate can no longer accept bitumen any further, increment will lead to bleeding and shifting of the asphalt. The point where this occurs is at 6.5% binder content for both productions.


III. Void in mix aggregate; this is a graph showing the relation between the void in mix aggregate and the bitumen composition of the samples. This graph on the other hand shows an increase as the bitumen content increases, which means the more you increase the bitumen, the lesser the void in the aggregate.

IV. Void filled with bitumen; this graph shows the relation between the percentages of the total mixture filled with bitumen at relative bitumen content. The graph shows a curve of steady increase as the bitumen content increases. The more you increase the bitumen, the higher the void filled with bitumen.


V. Stability; this is a graph showing the relation between the corrected stability and the bitumen content of the sample. This graph shows an increase in stability as the bitumen content increases, reaches its peak and then decreases. The figure also shows that at binder content of 6.0%, the one with polythene has a higher stability of 740kg than that with bitumen with a stability of 725kg


VI. Flow; this is the measure of the deformation of the sample. The graph shows the relation between the flow of the sample and the bitumen composition. It determines the bitumen content that correspond with the required air void.


VII.   Sieve analysis
This is a graph showing the relation between percentages passing against sieve sizes. From the result obtained in the laboratory (see table 2), the graph falls between the gradation specification. The specification will ensure that the percentage retained by weight on particular sieve sizes falls between a certain range. 

Fig 7 Graph of sieve analysis
Table 2. Summary of the result
	Production without polythene
	Production with polythene
	Specification

	Optimum bitumen content (%)
	6.0
	Optimum binder content
	6.0
	6 – 7

	Optimum bulk density(g/cm3)
	2.17
	Optimum bulk density
	2.115
	1.92 – 2.2

	Void filled with bitumen (%)
	55.6
	Void filled with bitumen
	56.0

	50 – 75

	Maximum stability(KN)
	7.25
	Maximum stability
	7.40

	≥ 3

	Void in total mix (%)
	11.3
	Void in total mix
	12.1
	12 – 15





DISCUSSION
The optimum bitumen content for ready-mix asphalt generally ranges between 4% and 7% by weight, depending on the mix type, aggregate gradation, and specific design requirements [7]. Accordingly, the binder content of 6% determined for both conventional asphalt and polythene-modified asphalt falls within the acceptable range. The study further established the relationship between bulk density and binder content. The results indicate that bulk density increases with increasing bitumen content up to an optimum level, beyond which it declines. Maximum bulk densities of 2.17 and 2.115 were recorded for the conventional and polythene-modified mixtures, respectively. At a binder content of 6.1%, the conventional asphalt exhibited a higher density (2.17) compared to the polythene-modified mixture (2.115), indicating that the latter is relatively lighter.
The analysis also demonstrated the relationship between air voids in the total mix and binder content. The percentage of air voids decreases with increasing bitumen content until a minimum value is attained, after which a slight increase is observed. This trend suggests that beyond a certain point, the aggregate structure becomes saturated and can no longer accommodate additional binder, leading to potential issues such as bleeding and instability. In this study, this threshold was observed at a binder content of 6.5% for both mixtures.
As noted by Brown et al. (2021), the void content of an asphalt mixture is intrinsically linked to its density, necessitating careful control to ensure that void levels remain within acceptable limits. Previous studies have indicated that in-place air voids should initially not exceed approximately 15% and should not fall below 12% throughout the service life of the pavement [11]. Excessive void content increases permeability, facilitating the ingress of water and air, which can result in moisture damage, oxidation, ravelling, and cracking. Conversely, insufficient voids may lead to rutting and shoving under traffic loads.
The stability results further illustrate the relationship between corrected Marshall stability and binder content. Stability values increase with increasing bitumen content until a peak is reached, after which they decline. At an optimum binder content of 6.0%, the polythene-modified mixture exhibited a higher stability value (740 kg) compared to the conventional mixture (725 kg). This indicates that the modified asphalt satisfies the relevant specifications for road construction and demonstrates improved performance characteristics [6].

CONCLUSION
Based on the findings of this study, several conclusions can be drawn. The results indicate that the modification of bitumen in cold mix asphalt through the incorporation of 5% waste polythene leads to an improvement in Marshall stability values. However, the study is limited to laboratory-scale experimentation with a relatively small sample size. Further research is therefore recommended, including full-scale field trials, comprehensive life-cycle cost assessments, environmental impact analyses, and statistical validation using larger datasets. Notwithstanding these limitations, the findings provide significant insights for the development of sustainable road construction policies and large-scale polythene waste management strategies.
[bookmark: _GoBack]At an optimum binder content of 6.0%, the inclusion of 5% dissolved waste polythene produced the highest stability values, while key Marshall parameters—such as stability, bulk density, and air voids—remained within acceptable specification limits.
Overall, the study demonstrates that waste polythene can be effectively incorporated into the production of cold mix asphalt using the dry process method. This approach not only enhances Marshall stability but also improves the durability of the asphalt mixture, thereby offering a viable and sustainable alternative for pavement construction.
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Fig 4 Void filled with bitumen
production without polythene	5	5.5	6	6.5	7	44.085000000000001	48.14	52.705000000000013	55.65	56.414999999999999	production with polythene	5	5.5	6	6.5	7	44.225000000000186	48.36	52.954999999999998	56.03	57.5	Binder content (%)
Void filled with botumen (%)
Fig 5. Stability
production without polythene	5	5.5	6	6.5	7	359	662	697.5	432	361.5	production with polythene	5	5.5	6	6.5	7	370	677	711	448.5	373.5	Binder Content
Adjusted Stability (kg)
Fig 6. Flow
production without polythene	5	5.5	6	6.5	7	2.2749999999999999	2.2999999999999998	2.4	2.65	2.75	production with polythene	5	5.5	6	6.5	7	3.1749999999999998	3.2	3.3	3.55	3.65	Binder content (%)
Flow (mm)
Lower Limit of Specication	14	10	6.3	2.36	1.1800000000000095	0.60000000000000064	0.30000000000000032	0.15000000000000024	7.5000000000000011E-2	85	75	65	50	36	26	18	13	7	upper Limit of Specication	14	10	6.3	2.36	1.1800000000000095	0.60000000000000064	0.30000000000000032	0.15000000000000024	7.5000000000000011E-2	100	92	82	65	51	40	30	24	14	material	14	10	6.3	2.36	1.1800000000000095	0.60000000000000064	0.30000000000000032	0.15000000000000024	7.5000000000000011E-2	92.5	83.5	73.5	57.5	43.5	33	24	18.5	10.5	Sieve sizes (mm) 
Percentage passing ()%
Fig 1 Bulk Density 
production without polythene	5	5.5	6	6.5	7	2.15	2.16	2.17	2.165	2.14	production with polythene	5	5.5	6	6.5	7	2.1	2.105	2.1149999999999998	2.11	2.09	Binder content (%)
Bulk density  (g/cm3)
Fig 2 Void in total mix
production without polythene	5	5.5	6	6.5	7	13.8	12.9	11.79	11.275	11.57	production with polythene	5	5.5	6	6.5	7	14.635	13.725	12.6	12.085000000000004	12.18	Binder content (%)
Void in total mix (%)
Fig 3. Void in mix aggregate
production without polythene	5	5.5	6	6.5	7	24.454999999999988	24.68	24.73	25.305	26.56	production with polythene	5	5.5	6	6.5	7	26.38	26.594999999999999	26.64	27.204999999999988	28.279999999999987	Binder content (%)
Void in mix aggregate (%)
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