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Abstract
As the world population grows, so does the need for interconnectivity. Also researches into new and innovative uses of new materials are continually advancing. The project therefore tries to match society need for safe economic construction materials. The study of this project aims at improving the performance of cold asphalt by the addition of dissolved pure water sachet. In carrying out this study, bitumen and various sizes of aggregate were obtained and taken to laboratory for experiment. The aggregates was sieved and graded proportionately to obtain the required aggregate gradation. The bitumen was modified by adding 5%, 10%, and 15% of dissolved pure water sachet. The modified bitumen will then be used in the production of cold asphalt at ambient temperature. The optimum binder content and strength of the one produced with pure water sachet were compared with the standard and evaluated for application suitability in construction and maintenance of roads in Nigeria. Hence the result obtained indicate that 
This project work on production of cold asphalt with dissolved pure water sachet as an alternative for hot mix asphalt in civil Engineering (highway engineering) was focused on improving the performance of cold asphalt and meant to check its potential and possibilities for use.
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INTRODUCTION
A road is an established path over land for the passage of vehicle and animals. Road provide dependable pathways for moving people and goods from one place to another. The earliest road evolved from animal paths and served as trials for early hunters. Path eventually grew around primitive settlements and as trade grew, longer routes were developed to transport food and other materials. The road built by the ancient Romans were carefully planned and solidly constructed. Huge sum of money are being committed to the development of road generally in the developing countries of the world. Smith (1998) reported that over £10billion are being spent annually on roads in the developing countries and much of this on road rehabilitation.
Modern method of road construction were first developed in the 18th century, innovations at the time include water proof surfaces and better drainage systems. Modern engineers make use of varieties of materials and construction techniques to build roads that can withstand high volumes and stresses of modern automobile and truck traffic (Urbanik, 2009). The use of wheeled vehicles encourages construction of better roads. The roads built by ancient Romans were carefully planned and solidly constructed (Encarta, 2009).
The growing demand in the provision of better road, decreasing budgetary funds, and the need to provide a safe, efficient and cost effective road system has led to dramatic increase in the need to rehabilitate our existing pavement system. It was during the oil boom years of the severities, that most developing/oil producing nations of the world witnessed a period of unprecedented road construction. Nigeria was not left out; In fact, the greater percentage of the road network was put in place at that time (FERMA 2010). 
Many of those roads have now already passed the end of their design lives since they were not designed to withstand today’s traffic loadings, while some of those that were, have since failed prematurely due to a number of reasons.
In a bid to salvage the situation of the road network in Nigeria, BPE (2008) reported that the government has initiated a program aimed at reforming the road sector, which will thus facilitate its total recovery from its poor state.  
The black cementing agent known as ASPHALT has been used for road construction for centuries and forms the final layer in flexible pavement structure. It is called a bituminous material because it contains bitumen, a hydrocarbon material soluble in carbon disulphate (Asphalt Institute, 1981). One of the characteristics and advantages of bitumen as an engineering construction and maintenance material is its great versatility. Bitumen is strong binder that is readily adhesive, highly waterproof and durable making it, particularly useful in road construction. Covering more than 90 of the nations paved highways in the United States; asphalt concrete is the most widely used paving material (Asphalt Institute, 1981).
Asphalt Concrete is known by many different names: hot mix asphalt, plant mix, bituminous mix, bituminous concrete, and many others. It is a combination of two primary ingredients - aggregates and bitumen. The aggregates total 90 to 95 percent of the total mixture by weight. They are mixed with 5 to 10 percent bitumen to form asphalt concrete. 
There are two types of asphalt mixes: Hot-Mix asphalt and Cold Mix Asphalt. Hot mix asphalt concrete (commonly abbreviated as HMAC or HMA) is composed of the mixture of well graded aggregate bound together into a mass by bitumen. The mixing is generally performed in a central mixing plant known as marine where the aggregate are heated to a temperature of about 1500C (3000F) and mixed with bitumen.

Cold Mix Asphalt Concrete, or cold placed mixture, is generally a mix made with emulsified or cutback asphalt (asphalt paving principles 2003). Emulsified asphalts may be anionic or cationic MS or SS grades. Aggregate material may be anything from a dense-graded crushed aggregate to a granular soil having a relatively high percentage of dust. Cold mix asphalt may be used for surface, base, or sub base courses if the pavement is properly designed. Cold mix surface courses are suitable for light and medium traffic. 
It is an exciting development in asphalt technology, allowing production and placement of asphalt paving at cooler temperatures than hot mix asphalt (HMA).

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, Engine oil, 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
	It is brown in colour 
	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 sample of a dry aggregate of known weight is separated through a series of sieves with progressively small openings. Once separated, the weight of the particles retained on each sieve is measured and compared to the total weight. Particle size distribution is then expressed as a percentage retained by the weight on each sieve size. The results are usually expressed in tabula or graphical format.
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 blend aggregates to meet a specified target plays an important role in the production of good asphalt concrete pavement. Aggregate blending is the mixing of several aggregate gradations proportionately to obtain the required aggregate gradation. Production of asphalt concrete requires the combination of two or more aggregates each having different gradations to produce an aggregate blend that meets gradation specifications for a particular asphalt mix.
Bitumen modification
The addition of small quantity of plastic (polythene) vastly changes the properties of bitumen to great advantage. 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 are stated as below;
Production without polythene
Weight of container = 5000g
Weight of container + bitumen = 6100g
Weight of bitumen = 1100g
Weight of kerosene (15% of bitumen) = 165g
Weight of Pave-192 concentrate (3% of bitumen) = 33g

Production with polythene
Weight of container = 312g
Weight of container + bitumen = 899g
Weight of bitumen = 588g
Weight of kerosene (15% of bitumen) = 88.2g
Weight of Pave-192 concentrate (3% of bitumen) = 17.64g
Weight of Polythene (15% of bitumen) = 88.2g
	
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 given below;
1/2" (20%)     = 240g	
3/8" (5%)       = 60g
Dust (70%)    = 840g
Filler (5%)     = 60g
Total (100%) = 1200g
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 are given below; 
Production without polythene
For 5%     Aggregate Mix   = 1200g
                 Bitumen             = 60g
For 5.5% Aggregate Mix   = 1200g
                 Bitumen            = 66g 
For 6%   Aggregate Mix    = 1200g
                 Bitumen            = 72g
For 6.5% Aggregate Mix = 1200g
                 Bitumen           = 78g
For 7%    Aggregate Mix = 1200g
                 Bitumen          = 84g
Production with polythene
For 5%     Aggregate Mix   = 1200g
                 Bitumen (4.25%) = 51g, Polythene (0.75%) = 9g
For 5.5% Aggregate Mix   = 1200g
                 Bitumen (4.68%) = 56.2g, Polythene (0.82%) = 9.8g
For 6%   Aggregate Mix    = 1200g
                 Bitumen (5.10%) = 61.2g, Polythene (0.90%) = 10.8g
For 6.5% Aggregate Mix = 1200g
                 Bitumen (5.52%) = 66.2g, Polythene (0.98%) = 11.8g
For 7%    Aggregate Mix = 1200g
                 Bitumen (5.95%) = 71.4g, Polythene (1.05%) = 12.6g
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. Marshall Stability result
	Production without polythene
	Production with polythene

	Optimum bitumen content
	6.0%
	Optimum binder content
	6.0%

	Optimum bulk density
	2.17
	Optimum bulk density
	2.115

	Void filled with bitumen
	55.6
	Void filled with bitumen
	56.0


	Maximum stability
	725
	Maximum stability
	740


	Void in total mix
	11.3%
	Void in total mix
	12.1%




DISCUSSION
The optimum bitumen content for the ready mix asphalt typically ranges from 4% to 7% by weight as per ASTM D6926, depending on mix type, aggregate gradation and design requirements; therefore the binder content gotten as 6% for both asphalt produced with and without polythene is within the acceptable limit. This research also revealed 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. It 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.
The result also revealed that the relationship between the void in total mix and the binder content where percentage air void decrease with increasing in 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.
E.R. Brown etal., 2021; explained that the void in an asphalt mixture is directly related to density: thus density must be controlled to ensure that the voids stay within an acceptable range. previous work shown that the initial in-place voids should not be more than approximately 8 percent and should not fall below approximately 3 percent during the life of the pavement. High voids lead to permeability of water and air, resulting in water damage, oxidation, ravelling, and cracking. Low Voids lead to rutting and shoving of the asphalt mixture.
Stability result; revealed the relation between the corrected stability and the bitumen content of the sample. Also indicate an increase in stability as the bitumen content increases, reaches its peak and then decreases. The result 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.This shows that the mix is in conformity with specified specification for road asphalt as per ASTM D6926.

CONCLUSION
This project work on production of cold asphalt with dissolved pure water sachet as an alternative for hot mix asphalt in civil Engineering (highway engineering) was focused on improving the performance of cold asphalt and meant to check its potential and possibilities for use. From the result obtained, it can be concluded that the properties of the produced asphalt such as stability and flow met the standard specification for hot mix asphalt although the void filled with bitumen is low compared to the standard specification. Also from the graph, at optimum binder content of 6.0% for both production, the stability of that produced with polythene having a value of 740kg is higher than that produced without polythene which has a value of 725kg, meaning that the cold asphalt produced with dissolved pure water sachet has a greater strength compare to ordinary cold asphalt (production without polythene) and the properties of the produced cold asphalt makes it to be applied at any time of the year.
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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  (%)
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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