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Road Transport is the major mode of transportation in context of Nepal due to its difficult geographical and geological terrain and also due to the need of huge cost of construction of the infrastructures for the other modes of transportation. Too high temperature acting on an asphalt mixture is destructive, mainly to bituminous binders, which can impact pavement durability. The heating of the binder may cause oxidation and stiffening of the binder, increase of viscosity and softening temperature. So, it is necessary to study the influence of overheating on the properties of the bitumen and its impact of the strength of the asphalt concrete. The bitumen binder is heated at different temperatures 1850c, 1950c, 2050c, 2150c, and 2250c for 3-4 hours in an oven and mix design is prepared for each sample at respective temperatures. The study shows that the Marshall Stability value goes on decreasing at increased temperature. Similarly, the OBC and VFB increases as the bitumen becomes less viscous when heated at higher temperature and the aggregate minerals are coated thickly and more voids is filled. The penetration of the overheated bitumen decreases with increase in temperature and the softening point and viscosity of the overheated bitumen also increases as the bitumen is overheated it loses the volatile materials and oxide with oxygen to become stiffer. The Penetration index of the bitumen is found to be more at 2150C. So, the properties of the bitumen changes at higher temperature and will become more brittle and the asphalt mix will be more prone to cracking.

Key words: Overheated Bitumen, Marshall Stability, OBC, Air Voids, Penetration Index
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CHAPTER ONE: 
[bookmark: _Toc26349537]Introduction
[bookmark: _Toc26349538]Background
Road Transport is the major mode of transportation in context of Nepal due to its difficult geographical and geological terrain and also due to the need of huge cost of construction of the infrastructures for the other modes of transportation. The road network provide the greater utility in transport in hauling the commodities and passengers over short and long distances. In context of Nepal, there is huge construction projects undergoing in the development, upgrading of the highways and feeder roads connecting each and every places all around the country. There are various types of flexible pavement constructed over the country depending upon the traffic volume, durability, design life, maintenance, cost of construction etc. Recently the government has been upgrading the major highways and the feeder roads to the asphalt concrete, so the construction of the asphalt concrete has been widely increased throughout the country. Since the asphalt concrete is more costly than other types of flexible pavement, various factors should be taken into the consideration during the construction work.
Asphalt concrete is the composite material consisting of the coarse, fine and the mineral filler binding with the bituminous mixture commonly used for the paving of the road surface, highways, runways, taxiways and parking lots. The AC shall provide the waterproof surface with good resistance against the deformation, rutting and will provide good smooth surface with good skid resistance. For the good AC it should have sufficient resistance to plastic deformation and cracking when subjected to the expected traffic loading, should have acceptable grading and strength of aggregate with sufficient air voids to avoid bleeding and should be workable for efficient laying and compaction. The mineral aggregate comprises the huge bulk of the composite mixture about 90~ 95 % of the HMA mix by weight and hence provide the significant role in the engineering properties of the mixture. The properties of AC is mainly influenced by the quality and the strength of the aggregate and the bitumen as it comprises. 
In context of Nepal the temperature variation ranges from cold in the mountainous to the hot in Terai areas. For laying the asphalt works on the cold region the temperature drop is quick so the temperature prior to laying of asphalt concrete should be checked and should not drop below 1450c. So, if the transportation distance is long the asphalt concrete may need to be heated beyond the temperature of 1650c. It is necessary to have the information regarding the effect of overheating in the properties of the asphalt concrete. Too high temperature acting on an asphalt mixture is destructive, mainly to bituminous binders, which can impact pavement durability. The heating of the binder may cause oxidation and stiffening of the binder, hardening of the binder, increase of viscosity and softening temperature. The rheological properties of the binder will be changed if the binder is heated beyond the certain limit temperatures. The environmental factors such as temperature, air, and rain water can have a profound effect on the durability of asphalt concrete mixtures. In mild climatic conditions, the deterioration may be due to traffic loading, and the resultant distress manifests as fatigue cracking, rutting and raveling. However, in a severe climate the rain water and the moisture content are key elements in the degradation of asphalt concrete pavements. The in percolated moisture through the crack and fissures at the surface from the underneath layer of base and sub base will cause the loss of adhesion at the bitumen aggregate interface which is also called stripping of the asphalt concrete. The damage of the asphalt pavement due to the water may be due to various causes as poor gradation, gap graded aggregates, excess void contents, binder type, traffic loadings, material type and other several factors. In this study the effects of overheating the binder to the strength of asphalt concrete as well as the effect in the void contents and the binder content of the asphalt concrete will be studied. 
[bookmark: _Toc26349539]Statement of problems
The overheating of the bitumen will change the rheological properties of the bitumen and makes it stiffer, less viscous and harder. In context of Nepal the bitumen are heated in the boiler prior to the pavement works and in the bitumen distributor for the flexible pavement works (surface dressing, penetration macadam, otta seal, priming works etc). Since the bitumen are more often heated in higher temperature and are frequently heated, the properties of the bitumen will be changed and will have serious impact on the strength of the flexible pavement. At higher temperature, the asphalt softens and will cause the permanent deformation of the pavement. As the higher temperature hardens the bitumen, the development of cracks is more prone when the load is applied on it and will be more susceptible to the water damage. So, it is necessary to study the influence of overheating on the properties of the bitumen and its impact of the strength of the asphalt concrete.

[bookmark: _Toc26349540]Research questions
The research questions set for the purpose of investigations of research are:
i. What are the effects of higher temperature on the properties of the bitumen?
ii. How does the OBC vary with the increasing temperature of bitumen in the asphalt mix?
iii. What are the effects of the overheated bitumen on the Marshall Properties of the Asphalt Mixes?
[bookmark: _Toc26349541]Research objectives
In order to study the effects of the overheating on the properties of the bitumen and its effect on the strength and binder content of the asphalt concrete, the study has been conducted to achieve the following objectives:
Specific objectives:
i. To study the effects of heating temperature on the properties of the bitumen.
ii. To find out the optimum binder content at various temperature with overheated bitumen on the asphalt concrete.
iii. To study the effects of the overheated bitumen on the Marshall Properties of the asphalt concrete.
[bookmark: _Toc26349542]Scope of work
The study is mainly focused on the effect of the overheated bitumen on the asphalt concrete of the wearing course. The source of the asphalt aggregate was Tika Bhairav, Kathmandu and the bitumen used for the study was Durapave VG 30 of Indian Oil. The Marshall tests were  carried out to identify the optimum binder content at various temperatures and the properties of the bitumen were also been studied by heating the bitumen at several temperatures 1850c, 1950c, 2050c, 2150c, and 2250c. The research will help to study the effect of the bitumen temperatures on the asphalt concrete and could help for the recommendations regarding the effects of overheated bitumen on the asphalt concrete during the paving works.


[bookmark: _Toc26349543]Assumptions and limitations
The assumptions of research works are listed below:
i. The proportion of the aggregates used for preparing each sample resembles the similar gradation is assumed.
ii. The aggregate used for sampling from the same source resembles the uniform characteristics is assumed.
iii. The heating of the aggregate mix in the gas is assumed to be uniformly heated.
The limitations of the research work are:
i. Various types of bitumen tests should be done to determine the effect of overheated bitumen on its rheological properties. (Only penetration, softening and viscosity has been carried out.)
ii. The effect of overheated bitumen on Marshall Properties of asphalt concrete has only been tested and properties other than Marshall need to be tested to determine the effect on various properties of asphalt concrete.


CHAPTER TWO:
[bookmark: _Toc26349544]Literature review
[bookmark: _Toc26349545]Introduction
Overheating of the bitumen will change the durability of the asphalt pavement and also change in the visco-elastic properties of the binder. The penetration test of the bitumen gives the binder consistency in average operating temperature at 250c and indicates the degree of hardness, the softening point and viscosity test gives the binder consistency in a high operating temperature and indicates the degree of flow resistance. Selection of Bitumen grades should be based on high and low pavement temperatures as VG 30 can be used in high temperature zones as it has good thermal susceptibility so, use of VG-10 would not provide good rutting resistance. The bitumen content of the asphalt mixture varies upon the gradation types, specific gravity and other aggregate properties. Generally, binder and the wearing course of the asphalt concrete is carried out in major highways of Nepal. 
Michal Sarnowski presented the study on the impact of elevated process temperatures exceeding 2400c on the properties of non-modified bitumen and SBS polymer modified bitumen heated at different temperatures of 2000c, 2500c, 3000c, for 1 hour and the asphalt mixtures were heated at the same temperatures. It was concluded that the SBS polymer modified bitumen was higher overheating sensitivity and when the bitumen were heated above the temperature of Overheating Degradation index, loss of viscoelastic properties occur which causes loss of resistance to fatigue cracking. The study shows that the penetration value of the non-modified bitumen decreases up to 2500c and increases at 3000c and the softening and viscosity value increases up to 2500c  and decreases at 3000c. Similarly for modified bitumen the penetration value decreases at 2000c and then increase at 2500c and 3000c and the softening point increases at 2000c and decreases at 3000c. (Michal Sarnowski, Karol J. Kowalski, Jan B. Krol and Piotr Radziszewski, 2019).
Carole Gueit and Michel Robert studied to evaluate the impact of overheating in the mixing plant on the state of ageing of the binder immediately after coating and subsequent impact of this ageing on its durability. The study is carried out RTFOT ageing at two different temperatures 1630c and 2300c depicting the temperatures of bitumen normally used while mixing and overheating. The result shows that RTFOT at 2300c leads to more ageing than RTFOT at 1630c followed by a PAV test. Similarly if the bitumen has low sensitivity to ageing, the overheating of the bitumen has only moderate effect than to that of greater sensitivity (Carole Gueit, Michel Robert).
A study was conducted for a samples of bitumen with SBS modified stored in sealed aluminum tubes at different temperatures 1500c, 1800c and 2100c for 21 days and the result shows that the properties of the bitumen doesnot change when stored at 1500c but significant erosion in conventional and rheological propeeties occur at temperature exceeding 1800c (Sumit K. Singh, Yogesh Kumar, Sham S. Ravindranath).
Senja Rum Harnaeni concluded in the study that the temperature changes influence bitumen stiffness, asphalt mix stiffness and fatigue life asphalt mix. The higher the temperature, the lower the bitumen stiffness and asphalt mix stiffness and the higher the fatigue life asphalt mix. At the same temperature, asphalt mix stiffness of dense graded mixture is higher than gap graded mixture (Senja Rum Harnaeni, F. Pungky Pramesti, Arif Budiarto and Ary Setyawan, 2018).
The bitumen in the asphalt mix coats all the mineral aggregates and holds all the aggregates in position. The load is transferred by the aggregate mass through the contact points. So, the optimum binder content is necessary for the stability of the mix but when the binder content exceeds the OBC then the air voids starts to fill up with the excess bitumen and the contact of aggregate may start to lose resulting the load transfer by the hydrostatic pressure through the bitumen reducing the strength of the mix (Marshall design and analysis, School of Engineering, Cochin University of Science and Technology). 
A paper was presented the result of experimental research and analysis of the effects of the exposure of high temperature for short period of time on the behavior of bitumen and the asphalt mixture used for installation of water proofing layers and bridge deck surface course. The result shows that the temperature of 2500c was found to be the limit above which the bituminous binder permanently lose their viscoelastic properties resulting irrecoverable damage of pavement (Piotr Radziszewski, Jerzy Pilat,Michal Sarnowski, Karol J, Kowalsi and Jan B. Krol, 2015).
M Mustafa Kamal etal studied the bitumen samples collected from the mixing plant and quarry and the result shows that the viscosity, penetration and the softening point of the bitumen samples collected from quarry exhibited lesser viscosity and softening point with higher penetration point than that of mixing plant (M Mustafa Kamal etal, 2017).
When the mixing temperature of the asphalt mixture is below or above the standard temperature the marshall stability and density of AC-WC will be reduced. When the temperature of the asphalt mix reaches 1600c the stability reaches the optimum point. So, when the temperature increases upto 1650c and decreases to 1550c the stability value slight decreases and the VMA also decreases. When the asphalt mixture reaches the high temperature, the asphalt will be more liquid and will easily fill the aggregate voids and will have higher flow value (Woro Partini Maryunani, Evi Puspitasari, Muhammad Amin and Dwi Sat Agus Yuwana).
[bookmark: _Toc26349546]Aggregate Properties
The properties of the aggregate used in the construction of road pavement differ in their composition, shape and the physical properties. Aggregates found in the nature are heterogeneous mix comprising the limestones, granites, gravels having composed of variety of minerals. The aggregate composition and type have a much stronger influence on the adhesion and bonding of the asphalt to the surface than does the asphalt (Christine W. Curtis, Keith Ensley and Jon Epps, 1993). A well-graded, crushed aggregate should be used to provide the highest-quality asphalt concrete. Uncrushed aggregates such as natural sands and uncrushed gravels produce mixtures with lower stability and decreased durability, whereas a well-graded aggregate fits together more tightly during compaction, resulting in a lower required asphalt content and improved stability and durability (E. Brown, J. McRae, and A. Crawley, 1989). Randolph C. Ahlrich has found that the percentage of crushed coarse particle decreased, the rutting potential of the HMA mixtures increased and the increase in the natural sand content has an adverse effect on the laboratory permanent deformation properties (Randolph C. Ahlrich, 1996).
[bookmark: _Toc26349547]Binder Properties
The bitumen used in Nepal are generally specified in terms of their penetration grade but nowadays the viscosity grade bitumen are widely used which provides the accurate method of specifying the binder consistency and is more temperature susceptible. The VG 30 bitumen is primarily used for the construction of pavement works with high traffic loads and in the hot climatic areas. Aging in bitumen normally resulted from the weathering of the binder due to oxidation (Kishan K. Vachhani, Prof. C.B. Mishra, 2014). The hardening of the bitumen occurs during production phase, transportation, paving works and finally in the service life with traffic load and environmental factors. The ageing mechanism of bituminous mixtures consists of the volatilisation, oxidation and steric hardening (Ivica Androjic, 2016 ). The volatisation of the bitumen occurs during production, transportation and placing works when the bitumen comes in effect of temperature. The oxidation of bitumen occurs due to reaction from the atmospheric oxygen and UV radiation and the Steric hardening occurs due to the rearrangement of the inter molecules of the binder.
[bookmark: _Toc26349548]Binder Aggregate Interaction
There are three types of bonding between the aggregate and binder in the HMA mixtures. The mechanical adhesion is due to the penetration of binder into the irregular surfaces of the aggregate and will be higher if the surface is rough than smooth (Stefan Vansteenkiste, Hilde Soenen and Gerhard Eberl, 2015). Interfacial bonding among asphalt binder and aggregates plays a significant role in asphalt concrete performance and potential for moisture damage (Lorena Garcia Cucalon, Amit Bhasin, Emad Kassem, 2017). The study showed that the binder aggregate adhesive bond is reduced with increasing temperature.
[bookmark: _Toc26349549]Asphalt Mixture
The rheological properties of the bitumen affect the properties of the asphalt mixtures. The age hardening of the bitumen is induced by the physical and the chemical changes that occurs during production, transportation, laying and service life. The ageing of the bitumen will induce the failure of the asphalt pavement with developing the cracking, rutting and raveling. Ageing of binder may be of two types : short term ageing and long term ageing. The following factors leads to the ageing of the bituminous binder. Oxidation occurs when the organic constituent of the bitumen reacts with the atmospheric oxygen and UV radiations. The oxidation results in the surface hardening, development of cracks and makes the bitumen more brittle. Volatilization leads to the evaporation of the lighter particles of the bitumen when the bitumen is heated during production works in the asphalt plant. It will leads to increase in the bitumen viscosity, stiffness of the mix and thus leads to the failure of the asphalt pavement. Polymerization occurs when the like molecules attract each other to form the larger molecules. Steric Hardening of the bitumen occurs over the period of time during its service life. The asphalt pavement which deforms much and has high flow value will be more susceptible to bleeding and rutting and the mix which is too stiff is susceptible to cracking.

CHAPTER THREE:
[bookmark: _Toc26349550] Methodology
The study starts with first stating the problems and then followed by specific set of objectives with relating all the literatures and the past studies. After that the work will be commenced with the collection of the materials from the source, sorting and sampling of the appropriate samples, necessary testing and data collection. The result and outputs are analyzed and then presented in necessary graphs and final outcomes are concluded.
The research methodology comprises the following steps as shown below.
[bookmark: _Toc22333376][bookmark: _Toc22370859][bookmark: _Toc26362024][bookmark: _Toc26362069]Figure 3.1 Schematic representation of research methodology
1. Statement of the Problem
2. Setting measurable Objectives
3. Literature Review
4. Preparation of Methodology
5. Sample Preparations & Laboratory Tests
6. Data Collection & Analysis
7. Conclusion and Recommendation
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[bookmark: _Toc26349551]Material  
The materials that are used for the study comprises of the coarse aggregate, fine aggregate, mineral filler and the bitumen of VG 30. The sampling of the material from the quarry meeting the required specification has been discussed below as: 
[bookmark: _Toc26349552]Selection of Aggregate  
The aggregate for the study comprises the coarse and fine aggregate which have been collected from the asphalt plant of World Wide Construction Company at Sunakothi, Nakhu Khola Corridor, Kathmandu. The source of the aggregate is Tikabhairav. Aggregate is the major component of the asphalt mix which transfers the wheel load to the subsequent layers so, it should be well graded, durable and strong to make the pavement act as a monolithic layer. The selection of the aggregate with their physical tests as per specification of Standard Specification for Road and Bridge works, 2073 published by DoR has been described in below section.
Coarse Aggregate
Coarse aggregate is the particle that is retained by 4.75 mm sieve and is entirely crushed, clean and free from all deleterious materials. The physical test conducted for the coarse aggregate has been listed below:
[bookmark: _Toc26350571]Table 3.1 Physical tests for Coarse aggregate
	S.No.
	Test Descriptions
	Specification Limit
	Test Result
	Standard

	1
	Los Angeles Abrasion 
	Maximum 30%
	15.36%
	IS 2386 Part IV

	2
	Aggregate Impact Value 
	Maximum 24%
	10.83%
	IS 2386 Part IV

	3
	Water Absorption Test
	Maximum 2%
	0.54%
	IS 2386 Part III

	4
	Specific Gravity Test
	
	2.67
	IS 2386 Part III

	5
	Stripping Test
	More than 95%
	>95%
	IS 6241

	6
	Flakiness Index
	Maximum 25%
	23.39%
	IS 2386 Part I

	7
	Elongation Index
	Maximum 25%
	24.16%
	IS 2386 Part I
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[bookmark: _Toc26362070][image: C:\Users\dell\Desktop\New folder (2)\IMG_20190812_113223.jpg]Figure 3.2 Stripping Test and Specific Gravity Test of sample
[image: C:\Users\dell\Desktop\New folder (2)\IMG_20190318_103051.jpg] 
[bookmark: _Toc26362071]Figure 3.3 AIV and FI test of Samples
The value of LAA is found less which shows the aggregate particle is strong and durable enough to withstand the wear and tear of vehicle load. For the conformity of the lab test, the boulder is collected from the quarry site and crushed manually to required sizes and the LAA test was conducted in the laboratory.
Fine Aggregate
Fine aggregate is the particle that passes the 4.75 mm sieve and is entirely clean and free from all deleterious materials, clay and organic impurities. The physical test conducted for the fine aggregate has been listed below:
[bookmark: _Toc26350572]Table 3.2 Physical tests for Fine aggregate
	S.No.
	Test Descriptions
	Specification Limit
	Test Result
	Standard

	1
	Specific Gravity Test
	
	2.616
	IS 2386 Part III



[bookmark: _Toc26349553]Aggregate Gradation
The gradation of the aggregate is the major factor that should be considered for the design of any asphalt pavement in order to maintain the required air voids in the asphalt aggregate mixture. Firstly, the gradation of each aggregate types is carried out individually and is blended in the required proportion so as to meet the required specification. The aggregate is classified into three groups based on the particle size. The blending of aggregates are carried out by trial and error of the different percentage of the aggregate types until meet the required specification as specified in Standard Specification for Road and Bridge works, 2073. The combined gradation curve which satisfies the given limit of specification is shown in Table 3.3 and Figure 3.4.
[bookmark: _Toc26350573]Table 3.3 Combined Gradation of Aggregate
	Sieve Size (mm)
	Cumulative % by weight of total aggregate passing
	Combined Gradation
	Specification Limit

	
	20mm (40%)
	10mm (14%)
	Stone dust (46%)
	
	

	20
	40
	14
	46
	100
	90-100

	13.2
	16.76
	13.58
	46
	76.34
	59-79

	10
	8.69
	11.94
	46
	66.63
	52-72

	4.75
	3.04
	2.42
	39.04
	44.49
	35-55

	2.36
	2.24
	1.64
	28.33
	32.21
	28-44

	1.18
	0
	0
	22.14
	22.14
	20-34

	0.6
	1.09
	0.58
	16
	16.00
	15-27

	0.3
	0
	0
	11.99
	11.99
	10-20

	0.15
	0
	0
	9.21
	9.21
	5-13

	0.075
	0.33
	0.07
	6.10
	6.50
	2-8




[bookmark: _Ref492466367][bookmark: _Toc26362072][bookmark: _Ref478838447]Figure 3.4 Limiting grading curve and combined gradation
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[bookmark: _Toc26362073]Figure 3.5 Sieve Analysis and Sample Preparation for LAA Test[image: C:\Users\dell\Desktop\New folder (2)\IMG_20190318_122448.jpg]
[bookmark: _Toc26362074]Figure 3.6 LAA Test conducted for Study
[bookmark: _Toc26349554]Bitumen 
[bookmark: _Ref478761671]The bitumen used for the study is Viscosity Grade VG 30 of Durapave of Indian oil. The different tests of bitumen has been carried out which has been summed up in Table 3.4. 
[bookmark: _Ref478848027][bookmark: _Toc499890990][bookmark: _Toc26350574]Table 3.4 Standard tests of bitumen
	S.N
	Characteristics
	Method of Test
	
	Value
	Specification Limit

	i
	Penetration at 25°C, 100 g, 5 s, 0.1 mm, Min
	IS 1203-1978
	
	59.33
	Minimum 45

	ii
	Absolute viscosity at 60 °C, Poises
	IS 1206 part 2
	
	2522
	2400-3600

	iii
	Kinematic Viscosity at 135 °C Cst
	IS 1206: (Part 3)
	
	359
	Minimum 350

	iv
	Softening point (R & B) °C, 
	IS 1205-1978
	
	48.6
	Minimum 47

	v
	Solubility in Trichloroethylene
	IS 1205-1978
	
	99.5
	99

	vi
	Flash Point, Cleveland open cup, °C
	IS 1209
	
	280
	220

	vii
	Fire Point °C
	IS 1209
	
	318
	

	viii
	Loss on Heating for 5 hours at 163 °C
	
	
	0.263%
	< 0.5 %

	ix
	Ductility at 25 °C, cm
	IS 1208
	
	>100
	>100

	x
	Specific gravity
	IS 1202
	
	1.032
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[bookmark: _Toc26362075][image: C:\Users\dell\Desktop\New folder (2)\IMG_20190430_121122.jpg]Figure 3.7 Bitumen Tests Samples (Ductility and Softening Point)
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[bookmark: _Toc26362076]Figure 3.8 Bitumen Tests (Viscosity and Loss on Heating)
[bookmark: _Toc26349555]Mix Design
The mix design of the asphalt concrete is carried out by testing the five different asphalt contents for a single selected aggregate gradation to obtain the optimum binder content considering the various volumetric and the strength using the Marshall method. For determining the design asphalt content of the mix the series of test specimens is prepared with the increment of asphalt content by 0.5% in order to obtain the well-defined relationship of the data curves.
[bookmark: _Toc26349556]Laboratory Equipment
The following apparatus has been used for the Marshall test as listed below:
· Hot air Oven
· Balance sensitive to 0.1g for weighing 
· Flat bottom metal pans with gas stove for heating
· Thermometer capable of showing temperature more than 3000C
· Water bath
· Specimen Extractor
· Compactor with mechanical hammer and compaction mould
· Marshall stability apparatus
· Vernier Calliper
[bookmark: _Toc26349557]Preparation of Test Specimen
[image: C:\Users\dell\Desktop\New folder (2)\IMG_20190905_104023.jpg]The required weight of the different sizes of aggregate as per the proportion in the combined gradation curve is calculated and weighed separately and blended together and the bitumen content for the mix design is varied by 0.5% increasing from 4% of the weight of the aggregate mix is heated at the temperature of 1650C in the hot air oven. The aggregate is first heated to the temperature exceeding 150 0C to 1550C and is blended with the preheated bitumen. The total weight of the mixture is kept 1200 gm. The mixture is then again thoroughly heated upto 1650C and uniformly mixed before placing in the preheated mould. The mix is then compacted by the standard rammer with height of drop of 457 mm by applying 75 blow on either side. The sample is allowed to cool down and is then extruded carefully from the mould with the help of sample extruder. For each bitumen content minimum of three samples are prepared.
[image: C:\Users\dell\Desktop\New folder (2)\IMG_20190904_085418.jpg] 
[bookmark: _Toc26362077]Figure 3.9 Sample Preparation 
[bookmark: _Toc26349558]Test Procedures
The sample prepared is allowed to cool down in the room temperature for 24 hours. The thickness of each sample is taken at three equal distances to calculate the mean thickness of the sample. The weight of the sample in air is taken and the sample is soaked in water for more than 15 minutes. The weight of specimen in water and with saturated surface dry condition is taken to measure the density of the specimen. Then the specimen is kept in the water bath for 30-40 minutes at constant temperature of 600C. Finally the specimen is taken out from water bath and kept in the Marshall testing machine and a constant load was applied at the constant deformation rate of 50.8 mm per minute. The maximum value of the load and corresponding flow value was recorded for further analysis. The obtained value of Marshall Stability is corrected using correction value chart for the specimen having the mean thickness greater or less than 63.5mm. All the Marshall tests were performed in Quality Research and Development Center, DoR, Pulchowk. The testing values obtained are used to calculate the following parameters for finding the optimum binder content of the asphalt mix.
a. Marshall stability 
b. Flow value 
c. Bulk unit weight (G)						
d. Maximum Specific Gravity (Gm)
e. Percentage of air voids (AV) 
f. Voids in Mineral Aggregate (VMA) 
g. [image: C:\Users\dell\Desktop\New folder (2)\IMG_20190523_170602.jpg]Voids Filled with Bitumen (VFB) 
[image: C:\Users\dell\Desktop\New folder (2)\IMG_20191111_160922.jpg] 
[bookmark: _Toc26362078]Figure 3.10 Marshall Testing Equipment and Sample Preparation

The corrected Marshall Stability and Flow value of bituminous mixture for determining the OBC are shown in Table 3.5 and other volumetric properties as air voids, VFB, VMA are shown in table 3.6.


[bookmark: _Toc26350575]Table 3.5 Marshall Stability and Flow Value of Bituminous Specimen
	S.N
	Bitumen Content (%)
	Average Flow Value (mm)
	
	Corrected Marshall Stability (KN)

	1
	4
	2.11
	
	11.57

	2
	4.5
	2.39
	
	13.46

	3
	5
	2.59
	
	15.54

	4
	5.5
	2.74
	
	14.7

	5
	6
	2.86
	
	13.49

	6
	6.5
	3.00
	
	9.36



[bookmark: _Toc26350576]Table 3.6 Volumetric Analysis of Bituminous Specimen
	S.N
	Bitumen Content (%)
	Bulk Unit Weight (gm/cc)
	VTM (%)
	VMA (%)
	VFB (%)

	1
	4
	2.339
	7.18
	16.24
	55.81

	2
	4.5
	2.384
	4.71
	15.10
	68.84

	3
	5
	2.397
	3.48
	15.09
	76.92

	4
	5.5
	2.408
	2.30
	15.13
	84.80

	5
	6
	2.412
	1.44
	15.45
	90.71

	6
	6.5
	2.400
	1.18
	16.29
	92.78




[bookmark: _Toc26362079]Figure 3.11 Marshall Stability Vs Bitumen Content

[bookmark: _Toc26362080]Figure 3.12 Flow Value Vs Bitumen Content



[bookmark: _Toc26362081]Figure 3.13 Bulk Unit Weight Vs Bitumen Content





[bookmark: _Toc26362082]Figure 3.14 VMA Vs Bitumen Content




[bookmark: _Toc26362083]Figure 3.15 VTM Vs Bitumen Content

[bookmark: _Toc26362084]Figure 3.16 VFB Vs Bitumen Content
The optimum binder content of the bituminous mix is calculated by taking the average value of the bitumen content at maximum stability, maximum density and 4% air voids which is shown in table 3.7.
[bookmark: _Toc26350577]Table 3.7 Determination of Optimum Binder Content
	S.N
	Description
	Binder Content (%)

	1
	Bitumen Content at Maximum Density
	5.90

	2
	Bitumen Content at Maximum Stability
	5.10

	3
	Bitumen Content at 4% Air Voids
	4.67

	4
	Average Bitumen Content 
	5.22


The optimum binder content of the asphalt mix has found to be at 5.22% bitumen content. The corresponding value of the other parameters at OBC has been shown in Table 3.8.
[bookmark: _Toc26350578]Table 3.8 Marshall Values at OBC
	S.N
	Description
	Binder Content (%)

	1
	Marshall Stability
	15.5

	2
	Flow Value
	2.70

	3
	Air Voids
	3.0

	4
	Bulk Density
	2.40

	5
	VFB 
	80


CHAPTER FOUR 
[bookmark: _Toc26349559] Results, analysis and discussion
[bookmark: _Toc26349560]Overheating of the Bitumen
The bitumen is heated in the hot air oven at constant temperature of 1850C, 1950C, 2050C, 2150C and 2250C for about 3-4 hours and the physical properties of all the heated bitumen samples were tested. When the bitumen is heated at higher temperature the rheological properties of the bitumen get changed and the ageing of the bitumen occurs which has direct effect on the strength of bituminous mixes.
[bookmark: _Toc26349561]Effect on Properties of Bitumen
The various properties as penetration, softening point and absolute viscosity of different samples of bitumen heated at various temperatures 1850C, 1950C, 2050C, 2150C and 2250C were tested and the results obtained are shown in table 4.1 below.
[bookmark: _Toc26350579]Table 4.1 Properties of different samples of bitumen
	S.N
	Temperatures
	Penetration Value (mm)
	Softening Point (0C)
	Viscosity (Poise)
	Penetration Index

	1
	165 0C
	59.33
	48.6
	2522
	-1.17

	2
	185 0C
	56
	48.8
	2589
	-1.25

	3
	195 0C
	53.33
	49.1
	2664
	-1.29

	4
	205 0C
	50.33
	49.3
	3031
	-1.37

	5
	215 0C
	47
	51.3
	4209
	-1.03

	6
	225 0C
	40.33
	52.5
	4430
	-1.07



The penetration value of the bitumen decreases with the increase in the overheating temperature of bitumen. The results are shown in graph below:

[bookmark: _Toc26362085]Figure 4.1 Penetration Value Vs Overheating Temperature of Bitumen
The softening point of the bitumen increases with increasing temperature of the overheated bitumen. The results are shown below:

[bookmark: _Toc26362086]Figure 4.2 Softening Vs Overheating Temperature of Bitumen
The absolute viscosity of the bitumen increases with increasing temperature of the bitumen. We can see that when the bitumen is overheated it is more viscous because of the loss of the volatile materials and the occurrence of oxidation and ageing which makes bitumen stiffer. The results are shown below:


[bookmark: _Toc26362087]Figure 4.3 Absolute Viscosity Vs Overheating Temperature of Bitumen

Penetration Index of the bitumen is the quantitative measure of the bitumen to the given temperature. It should have the value ranging from -2 to +2. When PI is low, the bitumen becomes very brittle at lower temperature and when PI is high it has more resistance to permanent deformation. As the result shows that the PI value decreases with increase in temperature but at temperature 2150C the PI value increases. Hence when the bitumen is heated beyond the temperature the brittleness of the asphalt concrete increases which will result in cracking and low durability. The PI of the bitumen is calculated by the formula:


Where, 
PI = Penetration Index
Pen= Penetration Value
(John Read, David Whiteoak, 2003)



[bookmark: _Toc26362088]Figure 4.4 Penetration Index Vs Overheating Temperature of Bitumen
[bookmark: _Toc26349562]Effect on Properties of Asphalt Concrete
The Marshall mix design is carried out for each sample of bitumen heated at different temperatures 1850C, 1950C, 2050C, 2150C and 2250C to find out the optimum binder content and the change in other volumetric measures. For each variations in the temperature the optimum binder content is calculated and the corresponding values of VMA, VTM, VFB, Marshall stability, flow and density is computed.
[bookmark: _Toc26349563]Maximum Density
The density of the asphalt mix at higher temperature continuously increases sharply and after certain binder content the curve gently increases. So considering the binder content at maximum density, maximum stability and 4% air voids the results thus obtained has been shown in table 4.2 and 4.3.
[bookmark: _Toc26350580]Table 4.2 Marshall properties of bituminous mixes at different temperatures
	S.N
	Temperatures
	OBC (%)
	Stability (KN)
	Flow (mm)

	1
	165 0C
	5.22
	15.5
	2.70

	2
	185 0C
	5.33
	13.7
	2.74

	3
	195 0C
	5.37
	13.6
	2.74

	4
	205 0C
	5.42
	13.3
	2.75

	5
	215 0C
	5.57
	13.2
	2.82

	6
	225 0C
	5.40
	11
	2.82



[bookmark: _Toc26350581]Table 4.3 Marshall Properties of bituminous mixes at different temperatures
	S.N
	Temperatures
	OBC (%)
	Bulk Unit Weight (gm/cc)
	VTM (%)
	VMA (%)
	VFB (%)

	1
	165 0C
	5.22
	2.40
	3.0
	15.1
	80

	2
	185 0C
	5.33
	2.40
	2.90
	15.3
	81

	3
	195 0C
	5.37
	2.405
	2.70
	15.2
	82.5

	4
	205 0C
	5.42
	2.415
	2.20
	14.8
	85

	5
	215 0C
	5.57
	2.418
	1.80
	14.9
	87

	6
	225 0C
	5.40
	2.42
	1.90
	14.7
	87



The Marshall Stability value decreases with the increase in the temperature of the overheated bitumen. When the bitumen is overheated the bitumen will be less viscous and hence makes sufficient coating of the aggregate and the filling the excess voids in the mix. At the same time the rheological properties of the bitumen also changes due to which durability of the mix decreases. So, the bulk density, OBC, flow value and VFB increases with the increases of temperature and VTM and VMA decreases with the increase in the temperature of bitumen which has been shown in graph below:

[bookmark: _Toc26362089]Figure 4.5 Stability Vs Overheating Temperature of Bitumen

[bookmark: _Toc26362090]Figure 4.6 Flow Vs Overheating Temperature of Bitumen

[bookmark: _Toc26362091]Figure 4.7 Air Voids Vs Overheating Temperature of Bitumen

[bookmark: _Toc26362092]Figure 4.8 OBC Vs Overheating Temperature of Bitumen

[bookmark: _Toc26362093]Figure 4.9 Bulk Unit Weight Vs Overheating Temperature of Bitumen

[bookmark: _Toc26362094]Figure 4.10 VFB Vs Overheating Temperature of Bitumen

[bookmark: _Toc26362095]Figure 4.11 VMA Vs Overheating Temperature of Bitumen

[bookmark: _Toc26349564]Optimum Binder Content
As the binder is overheated the OBC increases but taking consideration to the OBC of the original sample of the bitumen which is not overheated which is at 5.22%, the Marshall Stability, Flow Value and VTM decreases with the increase in temperature and VFB increases with the increasing temperature.  The results has been shown in the table and graph below:
[bookmark: _Toc26350582]Table 4.4 Marshall Properties at Binder content 5.22 % at different temperatures 
	S.N
	Temperatures
	Stability (KN)
	Flow (mm)
	Bulk Unit Weight (gm/cc)
	VTM (%)
	VFB (%)
	VMA (%)

	1
	165 0C
	15.5
	2.70
	2.40
	3.0
	80
	15.1

	2
	185 0C
	14.0
	2.60
	2.40
	3.0
	80
	15.3

	3
	195 0C
	14.0
	2.60
	2.4
	3.0
	80
	15.3

	4
	205 0C
	13.30
	2.60
	2.41
	2.7
	82
	14.75

	5
	215 0C
	13.30
	2.58
	2.41
	2.7
	82
	15

	6
	225 0C
	11.50
	2.58
	2.40
	2.7
	82
	15




[bookmark: _Toc26362096]Figure 4.12 Stability Vs Bitumen content at different overheating temperatures


[bookmark: _Toc26362097]Figure 4.13 Flow Vs Bitumen content at different overheating temperatures


[bookmark: _Toc26362098]Figure 4.14 Bulk Density Vs Bitumen content at different overheating temperatures


[bookmark: _Toc26362099]Figure 4.15 VTM Vs Bitumen content at different overheating temperatures


[bookmark: _Toc26362100]Figure 4.16 VFB Vs Bitumen content at different overheating temperatures

[bookmark: _Toc26362101]Figure 4.17 VMA Vs Bitumen content at different overheating temperatures
















CHAPTER FIVE: 
[bookmark: _Toc26349565]FINDINGS AND CONCLUSIONS
From the study the following conclusion could be done:
i. The penetration of the overheated bitumen decreases with increase in temperature and the softening point and viscosity of the overheated bitumen increases with the increase in temperature. This is obvious that when the bitumen is overheated it loses the volatile materials and oxide with oxygen to become stiffer.
ii. The Penetration index of the bitumen is found to be less at 2150C. So, the properties of the bitumen changes when heated at higher temperature and will become more brittle and the asphalt mix will be more prone to cracking.
iii. The OBC of the asphalt mix with the overheated bitumen is found to increase with the temperature. Similarly, the air voids decreases and VFB increases as the bitumen becomes less viscous when heated at higher temperature and the aggregate minerals are coated thickly and more voids is filled.
iv. The Stability of the mix decreases by about 30% than the original value with the increase in the temperature of overheated bitumen.
v. The unit weight of the mix increases due to thicker coating of the aggregate minerals and more voids are filled with increase in temperature of bitumen.
vi. Taking the consideration of the OBC of the original mix, the Stability value of the mix is found to be decreased by 25% and the flow value decreased by about 5%. So, during the construction works the temperature of the bitumen should be carefully checked and should not be overheated. The overheating of the bitumen will decrease the strength of the mix and make bitumen more brittle.
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[bookmark: _Toc26349567]APPENDIX -I: SIEVE ANALYSIS
A. Coarse Aggregate (Size 20mm- 10mm)
	Sieve Size (mm)
	Weight Retained (gm)
	% Retained 
	Cumulative Weight % Retained
	Cumulative Weight % Passing
	Remarks

	20
	0
	0.00%
	0.00%
	100.00%
	 

	16
	2899
	34.39%
	34.39%
	65.61%
	 

	13.2
	1998
	23.70%
	58.09%
	41.91%
	 

	9.5
	1702
	20.19%
	78.28%
	21.72%
	 

	4.75
	1191
	14.13%
	92.41%
	7.59%
	 

	2.36
	167
	1.98%
	94.39%
	5.61%
	 

	0.6
	243
	2.88%
	97.27%
	2.73%
	 

	0.075
	160
	1.90%
	99.17%
	0.83%
	 

	Pan
	70
	0.83%
	100.00%
	0.00%
	 

	Total weight
	8430
	 
	 
	 
	 






B. Coarse Aggregate ( Size 10mm – 4.75 mm)
	Sieve Size (mm)
	Weight Retained (gm)
	% Retained 
	Cumulative Weight % Retained
	Cumulative Weight % Passing
	Remarks

	16
	100
	0.90%
	0.90%
	99.10%
	 

	13.2
	234
	2.12%
	3.02%
	96.98%
	 

	9.5
	1294
	11.71%
	14.73%
	85.27%
	 

	4.75
	7514
	67.99%
	82.72%
	17.28%
	 

	2.36
	618
	5.59%
	88.31%
	11.69%
	 

	0.6
	832
	7.53%
	95.84%
	4.16%
	 

	0.075
	406
	3.67%
	99.51%
	0.49%
	 

	pan
	54
	0.49%
	100.00%
	0.00%
	 

	Total weight
	11052
	 
	 
	 
	 











C. Stone Dust
	Sieve Size (mm)
	Weight Retained (gm)
	% Retained 
	Cumulative Weight % Retained
	Cumulative Weight % Passing
	Remarks

	9.5
	0
	0.00%
	0.00%
	100.00%
	 

	4.75
	92.32
	15.14%
	15.14%
	84.86%
	 

	2.36
	141.98
	23.28%
	38.42%
	61.58%
	 

	1.18
	82.1
	13.46%
	51.88%
	48.12%
	 

	0.6
	103.5
	16.97%
	68.85%
	31.15%
	 

	0.3
	30.99
	5.08%
	73.93%
	26.07%
	 

	0.15
	36.85
	6.04%
	79.97%
	20.03%
	 

	0.075
	41.37
	6.78%
	86.75%
	13.25%
	 

	pan
	0.36
	0.06%
	86.81%
	13.19%
	 

	Total weight
	529.47
	 
	 
	 
	 

	Total weight before washing
	609.9
	 
	 
	 
	 





[bookmark: _Toc26349568]APPENDIX -II: AGGREGATE TESTS
A. LOS ANGELES ABRATION TEST
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Grading Used
	No.
	B
	 

	2
	No. of Sphere Used
	No.
	11
	 

	3
	No. of Revolution
	No.
	500
	 

	4
	Original Weight of Test Sample (W)
	gm
	5000
	 

	5
	Wt. Retained on 1.70mm IS Sieve (W1)
	gm
	4232
	 

	6
	LAA  (W-W1)/Wx100
	%
	15.36%
	 



B. AGGREGATE IMPACT VALUE TEST
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Weight of Mould and Compacted Sample
	gm
	2319.9
	 

	2
	Weight of Mould
	gm
	1846.2
	 

	3
	Weight of Compacted Sample
	gm
	473.7
	 

	4
	Weight of Sample Passing Through 2.36mm Sieve
	gm
	51.3
	 

	5
	Aggregate Impact Value
	%
	10.83%
	 



C. SPECIFIC GRAVITY TEST
A. Coarse Aggregate (20mm- 10mm)
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of pan + Saturated surface dry sample
	A1
	gm
	2308.5
	 

	2
	Wt. of pan 
	A2
	gm
	404.8
	 

	3
	Wt. of saturated surface dry sample 
	A=A1-A2
	gm
	1903.7
	 

	4
	Wt. of basket + sample in water
	B1
	gm
	1737.3
	 

	5
	Wt. of basket in water
	B2
	gm
	547.7
	 

	6
	Wt. of sample in water
	B=B1-B2
	gm
	1189.6
	 

	S.No.
	Description
	Unit
	Quantity
	Remarks

	7
	Wt. of pan oven dry sample
	C1
	gm
	2280.72
	 

	8
	Wt. of pan
	C2
	gm
	404.8
	 

	9
	Wt. of oven dry sample
	C=C1-C2
	gm
	1875.92
	 

	 
	Bulk gravity (Oven dry) = C/(B-A)
	 
	 
	2.63
	 

	 
	Bulk gravity (SSD)= B/(B-A)
	 
	 
	2.67
	 

	 
	Apparent Gravity= C/(C-A)
	 
	 
	2.73
	 



B. Coarse Aggregate (10mm- 4.75mm)
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of pan + Saturated surface dry sample
	A1
	gm
	2038.4
	 

	2
	Wt. of pan 
	A2
	gm
	408.7
	 

	3
	Wt. of saturated surface dry sample 
	A=A1-A2
	gm
	1629.7
	 

	4
	Wt. of basket + sample in water
	B1
	gm
	1562.5
	 

	5
	Wt. of basket in water
	B2
	gm
	547.7
	 

	6
	Wt. of sample in water
	B=B1-B2
	gm
	1014.8
	 

	7
	Wt. of pan oven dry sample
	C1
	gm
	2004.73
	 

	8
	Wt. of pan
	C2
	gm
	408.7
	 

	9
	Wt. of oven dry sample
	C=C1-C2
	gm
	1596.03
	 

	 
	Bulk gravity (Oven dry) = C/(B-A)
	 
	 
	2.60
	 

	 
	Bulk gravity (SSD)= B/(B-A)
	 
	 
	2.65
	 

	 
	Apparent Gravity= C/(C-A)
	 
	 
	2.75
	 




C. Stone Dust
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of Pycnometer + water (Full)
	A
	gm
	680.9
	 

	2
	Wt. of Pycnometer empty and dry
	B
	gm
	154.9
	 

	3
	Temperature of Water
	T1
	°C
	25
	 

	4
	Wt. of Pycnometer + Oven dry sample
	C
	gm
	465.1
	 

	5
	Wt. of Oven dry sample
	D=C-B
	gm
	310.2
	 

	6
	Wt. of Pycnometer + Sample + Water (Full)
	E
	gm
	872.9
	 

	7
	Temperature of Water
	T2
	°C
	25
	 

	8
	Relative Density of Water at temperature T2
	Gw
	 
	0.997
	 

	 
	Specific gravity = Gw x D/(D+A-E)
	 
	 
	2.616
	 




D. FLAKINESS INDEX
	Flakiness Slot Size Identification
	Wt. Retained on flakiness plate (Grams)
	Wt. Passing on flakiness plate (Grams)
	Total Weight Tested
	Remarks

	mm
	A
	B
	C=A+B
	 

	25 to 19
	0
	0
	0
	 

	19 to 16
	394
	100
	494
	 

	16 to 12.5
	570
	146
	716
	 

	12.5 to 9.5
	530
	206
	736
	 

	9.5 to 6.3
	380
	120
	500
	 

	Total
	1874
	572
	2446
	 

	Flakiness Index
	B/C
	23.39%
	 
	 


E. ELONGATION INDEX
	Elongation Slot Size Identification
	Wt. Retained on elongation plate (Grams)
	Wt. Passing on elongation plate (Grams)
	Total Weight Tested
	Remarks

	mm
	A
	B
	C=A+B
	 

	25 to 19
	0
	0
	0
	 

	19 to 16
	116
	374
	490
	 

	16 to 12.5
	168
	548
	716
	 

	12.5 to 9.5
	132
	424
	556
	 

	9.5 to 6.3
	70
	180
	250
	 

	Total
	486
	1526
	2012
	 

	Elongation Index
	A/C
	24.16%
	 
	 



F. WATER ABSORPTION TEST
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of pan + Saturated surface dry sample
	A1
	gm
	  5987.7
	 

	2
	Wt. of pan 
	A2
	gm
	408.7
	 

	3
	Wt. of saturated surface dry sample 
	A=A1-A2
	gm
	5579
	 

	4
	Wt. of pan oven dry sample
	B1
	gm
	5957.7
	 

	5
	Wt. of pan
	B2
	gm
	408.7
	 

	6
	Wt. of oven dry sample
	B=B1-B2
	gm
	5549
	 

	
	Water Absorption
	(A-B)/B
	%
	0.54
	 






[bookmark: _Toc26349569]APPENDIX -III: BITUMEN TESTS
A. SOLUBILITY TEST
	S.No.
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of Sample + Filter Paper (A)
	gm
	2.575
	 

	2
	Wt. of Filter Paper (B)
	gm
	0.575
	 

	3
	Wt. of Sample   (C=A-B)
	gm
	2.000
	 

	4
	Wt of Filter paper + Residue  D   
	gm
	0.585
	 

	5
	Wt of Insoluble  E= (D-B)
	gm
	0.010
	 

	6
	Solubility   100-E/Cx100
	%
	99.5
	 



B. SPECIFIC GRAVITY
	S.No
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of Pycnometer  
	(a)
	gm
	33.99
	 

	2
	Wt. of Pycnometer + Distilled water
	(b)
	gm
	84.737
	 

	3
	Wt. of Pycnometer + Sample
	(c)
	gm
	59.518
	 

	4
	Wt of Pycnometer + Sample+ Water
	(d)
	gm
	85.533
	 

	5
	Sp. Gravity 25º C                  (c-a)/(b-a)-(d-c)
	 
	 
	1.032
	 



C. LOSS ON HEATING
	S.No
	Description
	Unit
	Quantity
	Remarks

	1
	Wt. of sample + Container before heating
	(a)
	gm
	99.538
	 

	2
	Wt. of Container + Sample after heating   (5 hrs at 163º C)
	(b)
	gm
	99.394
	 

	3
	Wt. of loss (a-b) 
	(c)
	gm
	0.144
	 

	4
	Wt of  Container 
	(d)
	gm
	44.705
	 

	5
	Loss on Heating % (c/a-d x 100)
	 
	 
	0.263
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[bookmark: _Toc26349570]APPENDIX -IV: Marshall TESTS
A. MIX DESIGN OF SAMPLE AT 1650C
Calculation of Marshall Stability and Flow Values
	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	1
	4.0%
	65.2
	65.3
	65.4
	65.3
	1.98
	2.11
	11
	0.96
	10.52
	11.57
	 

	2
	4.0%
	62.8
	63.7
	62.8
	63.1
	2.24
	
	12.5
	1.01
	12.63
	
	

	3
	4.5%
	62.6
	62.3
	63.7
	62.9
	2.44
	2.39
	13.7
	1.02
	13.92
	13.46
	 

	4
	4.5%
	62.5
	63.1
	62.4
	62.7
	2.39
	
	14.6
	1.02
	14.90
	
	

	5
	4.5%
	64.2
	64.3
	64.5
	64.3
	2.33
	
	11.8
	0.98
	11.55
	
	

	6
	5.0%
	61.9
	61.4
	60.5
	61.3
	2.53
	2.59
	14.1
	1.06
	14.94
	15.54
	 

	7
	5.0%
	63.2
	62.7
	62.6
	62.8
	2.67
	
	16.1
	1.02
	16.37
	
	

	8
	5.0%
	62.8
	63.4
	62.6
	62.9
	2.57
	
	15.1
	1.01
	15.31
	
	

	9
	5.5%
	62.8
	62.2
	62.2
	62.4
	2.69
	2.74
	14.1
	1.03
	14.49
	14.70
	 

	10
	5.5%
	62.3
	62.7
	62.1
	62.4
	2.84
	
	15.6
	1.03
	16.04
	
	

	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	11
	5.5%
	61.6
	62.1
	62.4
	62.0
	2.68
	
	13.1
	1.04
	13.58
	
	

	12
	6.0%
	63.1
	63.3
	62.8
	63.1
	2.87
	2.86
	11.1
	1.01
	11.22
	13.49
	 

	13
	6.0%
	60.7
	60.6
	60.5
	60.6
	2.83
	
	13.1
	1.08
	14.16
	
	

	14
	6.0%
	62.2
	62.2
	62.1
	62.2
	2.87
	
	14.6
	1.03
	15.09
	
	

	15
	6.5%
	62.2
	62.5
	62.4
	62.4
	3.00
	3.00
	9.1
	1.03
	9.36
	9.36
	 




Calculation of Density of the Compacted Sample
	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	1
	4.0%
	1190.3
	688.3
	1202.2
	2.32
	2.339
	 
 

	2
	4.0%
	1175.1
	689.1
	1186.5
	2.36
	
	

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	3
	4.5%
	1190.1
	700.2
	1196.1
	2.40
	2.384
	 
 
 

	4
	4.5%
	1185.9
	694.5
	1191.2
	2.39
	
	

	5
	4.5%
	1197.1
	701.7
	1208.1
	2.36
	
	

	6
	5.0%
	1170.6
	685.7
	1173
	2.40
	2.397
	 
 
 

	7
	5.0%
	1191.9
	695.3
	1196
	2.38
	
	

	8
	5.0%
	1205.6
	706.3
	1207.2
	2.41
	
	

	9
	5.5%
	1194.9
	699.5
	1196.7
	2.40
	2.408
	 
 
 

	10
	5.5%
	1191.7
	699.1
	1193.3
	2.41
	
	

	11
	5.5%
	1187.4
	695.8
	1188.6
	2.41
	
	

	12
	6.0%
	1200.8
	702.8
	1201.7
	2.41
	2.412
	 
 
 

	13
	6.0%
	1168.7
	686.3
	1169.5
	2.42
	
	

	14
	6.0%
	1189.3
	696.3
	1189.9
	2.41
	
	

	15
	6.5%
	1186.8
	693.3
	1187.7
	2.40
	2.400
	 




Volumetric Analysis of Marshall Samples
	S.No.
	% Bitumen
	Sp. Gravity of agg. Mix
	Sp. Gravity of Bitumen
	% Aggregate Mix
	Density of compacted A/C mix in gm/cc 
	Max. sp. Gr
	Air Voids %
	VMA %
	VFB %
	Remarks

	1
	4.0%
	2.681
	1.032
	96.0%
	2.339
	2.520
	7.179%
	16.24%
	55.81%
	 

	2
	4.5%
	2.681
	1.032
	95.5%
	2.384
	2.501
	4.705%
	15.10%
	68.84%
	 

	3
	5.0%
	2.681
	1.032
	95.0%
	2.397
	2.483
	3.482%
	15.09%
	76.92%
	 

	4
	5.5%
	2.681
	1.032
	94.5%
	2.408
	2.465
	2.301%
	15.13%
	84.80%
	 

	5
	6.0%
	2.681
	1.032
	94.0%
	2.412
	2.447
	1.435%
	15.45%
	90.71%
	 

	6
	6.5%
	2.681
	1.032
	93.5%
	2.400
	2.429
	1.177%
	16.29%
	92.78%
	 









B. MIX DESIGN OF SAMPLE AT 1850C
Calculation of Marshall Stability and Flow Values
	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	1
	4.5%
	64.8
	65.2
	64.4
	64.8
	2.43
	2.29
	13.6
	0.97
	13.15
	12.82
	 

	2
	4.5%
	64.9
	64.5
	64.6
	64.7
	2.3
	
	12.1
	0.97
	11.75
	
	

	3
	4.5%
	63.4
	63.5
	63.0
	63.3
	2.14
	
	13.5
	1.00
	13.56
	
	

	4
	5.0%
	62.7
	63.3
	62.6
	62.9
	2.61
	2.52
	16.1
	1.02
	16.35
	14.18
	 

	5
	5.0%
	63.2
	63.0
	63.4
	63.2
	2.51
	
	12.8
	1.01
	12.89
	
	

	6
	5.0%
	62.9
	63.5
	64.0
	63.5
	2.43
	
	13.3
	1.00
	13.31
	
	

	7
	5.5%
	64.3
	64.0
	63.5
	63.9
	2.65
	2.76
	13.8
	0.99
	13.65
	12.88
	 

	8
	5.5%
	62.1
	62.0
	61.3
	61.8
	2.78
	
	13.6
	1.04
	14.19
	
	

	9
	5.5%
	61.8
	62.7
	62.7
	62.4
	2.85
	
	10.5
	1.03
	10.79
	
	

	10
	6.0%
	63.3
	63.2
	64.0
	63.5
	2.92
	2.91
	12.1
	1.00
	12.10
	11.93
	 

	11
	6.0%
	63.2
	62.5
	62.3
	62.7
	2.86
	
	10.8
	1.02
	11.02
	
	

	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	12
	6.0%
	63.6
	61.9
	61.4
	62.3
	2.95
	
	12.3
	1.03
	12.67
	
	

	13
	6.5%
	61.8
	61.4
	60.8
	61.3
	3.46
	3.27
	10.3
	1.06
	10.90
	10.79
	 

	14
	6.5%
	64.5
	63.7
	63.5
	63.9
	3.13
	
	10.8
	0.99
	10.69
	
	

	15
	6.5%
	62.3
	63.0
	62.0
	62.4
	3.22
	
	10.5
	1.03
	10.78
	
	


Calculation of Density of the Compacted Sample
	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	1
	4.5%
	1197.4
	694.3
	1205.8
	2.34
	2.362
	 

	2
	4.5%
	1200
	705.3
	1209
	2.38
	
	

	3
	4.5%
	1190.1
	697.4
	1201
	2.36
	
	

	4
	5.0%
	1191.5
	692.9
	1193.7
	2.38
	2.392
	 

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	5
	5.0%
	1186.3
	696.5
	1190.2
	2.40
	2.392
	

	6
	5.0%
	1182.2
	692.5
	1186.4
	2.39
	
	

	7
	5.5%
	1217.7
	706.6
	1218.9
	2.38
	2.401
	 

	8
	5.5%
	1178.2
	694.8
	1179.4
	2.43
	
	

	9
	5.5%
	1175.8
	688.5
	1179.2
	2.40
	
	

	10
	6.0%
	1216.1
	713.4
	1217.2
	2.41
	2.405
	 

	11
	6.0%
	1187.3
	692.6
	1189.7
	2.39
	
	

	12
	6.0%
	1183.9
	694.8
	1185.2
	2.41
	
	

	13
	6.5%
	1176.1
	689.5
	1176.7
	2.41
	2.402
	 

	14
	6.5%
	1215.7
	707.2
	1216.8
	2.39
	
	

	15
	6.5%
	1177.7
	689.6
	1178.9
	2.41
	
	



Volumetric Analysis of Marshall Samples
	S.No.
	% Bitumen
	Sp. Gravity of agg. Mix
	Sp. Gravity of Bitumen
	% Aggregate Mix
	Density of compacted A/C mix in gm/cc 
	Max. sp. Gr
	Air Voids %
	VMA %
	VFB %
	Remarks

	1
	4.5%
	2.681
	1.032
	95.5%
	2.362
	2.501
	5.569%
	15.87%
	64.90%
	 

	2
	5.0%
	2.681
	1.032
	95.0%
	2.392
	2.483
	3.669%
	15.26%
	75.95%
	 

	3
	5.5%
	2.681
	1.032
	94.5%
	2.401
	2.465
	2.568%
	15.36%
	83.29%
	 

	4
	6.0%
	2.681
	1.032
	94.0%
	2.405
	2.447
	1.688%
	15.67%
	89.23%
	 

	5
	6.5%
	2.681
	1.032
	93.5%
	2.402
	2.429
	1.108%
	16.23%
	93.18%
	 








C. MIX DESIGN OF SAMPLE AT 1950C
Calculation of Marshall Stability and Flow Values
	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	1
	4.5%
	64.5
	64.8
	64.8
	64.7
	2.48
	2.41
	11.1
	0.97
	10.76
	11.10
	 

	2
	4.5%
	66.9
	68.3
	66.7
	67.3
	2.3
	
	10.9
	0.91
	9.97
	
	

	3
	4.5%
	63.3
	63.7
	63.6
	63.6
	2.44
	
	12.6
	1.00
	12.58
	
	

	4
	5.0%
	62.6
	62.4
	62.5
	62.5
	2.34
	2.54
	14.1
	1.03
	14.45
	13.98
	 

	5
	5.0%
	63.3
	63.6
	63.0
	63.3
	2.64
	
	13.9
	1.01
	13.97
	
	

	6
	5.0%
	62.7
	63.6
	63.1
	63.1
	2.65
	
	13.4
	1.01
	13.53
	
	

	7
	5.5%
	62.7
	62.8
	62.4
	62.6
	2.88
	2.75
	11.6
	1.02
	11.85
	13.28
	 

	8
	5.5%
	61.5
	62.5
	63.3
	62.4
	2.81
	
	15.4
	1.03
	15.81
	
	

	9
	5.5%
	62.7
	62.6
	62.3
	62.5
	2.56
	
	11.9
	1.02
	12.19
	
	

	10
	6.0%
	62.5
	61.9
	62.0
	62.1
	2.95
	2.87
	10.9
	1.03
	11.27
	12.07
	 

	11
	6.0%
	61.6
	62.0
	62.6
	62.1
	2.81
	
	12.6
	1.04
	13.05
	
	

	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	12
	6.0%
	63.3
	63.7
	63.6
	63.6
	2.84
	
	11.9
	1.00
	11.88
	
	

	13
	6.5%
	61.9
	61.3
	61.6
	61.6
	3.26
	3.15
	11.6
	1.05
	12.17
	11.67
	 

	14
	6.5%
	60.6
	61.7
	62.2
	61.5
	2.98
	
	10.9
	1.05
	11.48
	
	

	15
	6.5%
	62.8
	61.7
	62.2
	62.2
	3.22
	
	11
	1.03
	11.35
	
	




Calculation of Density of the Compacted Sample
	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	1
	4.5%
	1190.3
	694.3
	1199.2
	2.36
	2.348
	 

	2
	4.5%
	1176.9
	682.5
	1189
	2.32
	
	

	3
	4.5%
	1192.3
	696.2
	1200.9
	2.36
	
	

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	4
	5.0%
	1190.9
	698.3
	1194.6
	2.40
	2.386
	 

	5
	5.0%
	1194.2
	697.9
	1197.3
	2.39
	
	

	6
	5.0%
	1181.2
	688.5
	1187.6
	2.37
	
	

	7
	5.5%
	1196.9
	699.2
	1199.5
	2.39
	2.406
	 

	8
	5.5%
	1193.7
	700.2
	1195.5
	2.41
	
	

	9
	5.5%
	1186.3
	697.3
	1188.3
	2.42
	
	

	10
	6.0%
	1182
	691.6
	1183.3
	2.40
	2.408
	 

	11
	6.0%
	1181.9
	692.7
	1183.1
	2.41
	
	

	12
	6.0%
	1220
	715.5
	1221.5
	2.41
	
	

	13
	6.5%
	1193.5
	696.1
	1194.1
	2.40
	2.405
	 

	14
	6.5%
	1170
	685.9
	1170.8
	2.41
	
	

	15
	6.5%
	1201.3
	702.8
	1201.9
	2.41
	
	


Volumetric Analysis of Marshall Samples
	S.No.
	% Bitumen
	Sp. Gravity of agg. Mix
	Sp. Gravity of Bitumen
	% Aggregate Mix
	Density of compacted A/C mix in gm/cc 
	Max. sp. Gr
	Air Voids %
	VMA %
	VFB %
	Remarks

	1
	4.5%
	2.681
	1.032
	95.5%
	2.348
	2.501
	6.143%
	16.38%
	62.49%
	 

	2
	5.0%
	2.681
	1.032
	95.0%
	2.386
	2.483
	3.913%
	15.47%
	74.71%
	 

	3
	5.5%
	2.681
	1.032
	94.5%
	2.406
	2.465
	2.377%
	15.20%
	84.36%
	 

	4
	6.0%
	2.681
	1.032
	94.0%
	2.408
	2.447
	1.571%
	15.57%
	89.91%
	 

	5
	6.5%
	2.681
	1.032
	93.5%
	2.405
	2.429
	0.972%
	16.12%
	93.97%
	 








D. MIX DESIGN OF SAMPLE AT 2050C
Calculation of Marshall Stability and Flow Values
	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	1
	4.0%
	64.6
	65.5
	65.3
	65.1
	2
	2.063
	12.1
	0.96
	11.61
	11.883
	 

	2
	4.0%
	65.4
	64.9
	64.1
	64.8
	2.28
	
	12.5
	0.97
	12.09
	
	

	3
	4.0%
	65.1
	65.1
	65.8
	65.3
	1.91
	
	12.5
	0.96
	11.95
	
	

	4
	4.5%
	64.5
	64.7
	64.1
	64.4
	2.34
	2.340
	12.1
	0.98
	11.82
	12.383
	 

	5
	4.5%
	63.7
	64.2
	63.7
	63.9
	2.23
	
	12.5
	0.99
	12.39
	
	

	6
	4.5%
	63.7
	64.4
	63.7
	64.0
	2.45
	
	13.1
	0.99
	12.95
	
	

	7
	5.0%
	64.9
	64.0
	64.0
	64.3
	2.46
	2.467
	12.5
	0.98
	12.25
	12.879
	 

	8
	5.0%
	63.6
	62.3
	62.7
	62.9
	2.37
	
	13.3
	1.02
	13.51
	
	

	9
	5.0%
	63.2
	63.2
	63.3
	63.3
	2.57
	
	12.8
	1.01
	12.88
	
	

	10
	5.5%
	61.9
	62.6
	61.2
	61.9
	2.76
	2.790
	14.1
	1.04
	14.67
	13.211
	

	11
	5.5%
	61.1
	61.3
	62.0
	61.5
	2.86
	
	12.1
	1.05
	12.74
	
	

	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	12
	5.5%
	62.8
	60.6
	61.0
	61.5
	2.75
	
	11.6
	1.05
	12.22
	
	

	13
	6.0%
	60.7
	61.4
	61.5
	61.2
	3.19
	3.083
	11.8
	1.06
	12.53
	11.492
	 

	14
	6.0%
	65.4
	64.7
	65.3
	65.1
	2.98
	
	11.8
	0.96
	11.32
	
	

	15
	6.0%
	61.7
	62.5
	62.5
	62.2
	3.08
	
	10.3
	1.03
	10.63
	
	

	16
	6.5%
	64.5
	63.7
	62.6
	63.6
	3.15
	3.257
	9.8
	1.00
	9.78
	10.389
	 

	17
	6.5%
	63.5
	62.5
	61.8
	62.6
	3.24
	
	10.7
	1.02
	10.94
	
	

	18
	6.5%
	62.5
	63.8
	62.5
	62.9
	3.38
	
	10.3
	1.01
	10.45
	
	










Calculation of Density of the Compacted Sample
	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	1
	4.0%
	1185.5
	688.4
	1197.6
	2.33
	2.335
	 

	2
	4.0%
	1186.9
	689.6
	1197.3
	2.34
	
	

	3
	4.0%
	1189.9
	701.2
	1209.7
	2.34
	
	

	4
	4.5%
	1195
	700.2
	1203.7
	2.37
	2.364
	 

	5
	4.5%
	1183.1
	690.5
	1190.8
	2.36
	
	

	6
	4.5%
	1190.3
	695.3
	1201
	2.35
	
	

	7
	5.0%
	1195
	705.2
	1202.9
	2.40
	2.393
	

	8
	5.0%
	1182.7
	689.4
	1188.5
	2.37
	
	

	9
	5.0%
	1177.9
	696.3
	1185.6
	2.41
	
	

	10
	5.5%
	1178.6
	692
	1180
	2.42
	2.422
	 

	11
	5.5%
	1200.7
	709.2
	1202.4
	2.43
	
	

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	12
	5.5%
	1163.5
	684.2
	1165.7
	2.42
	
	

	13
	6.0%
	1166.1
	684.6
	1168.7
	2.41
	2.427
	 

	14
	6.0%
	1253.7
	739.4
	1254.8
	2.43
	
	

	15
	6.0%
	1200.8
	709.5
	1201.9
	2.44
	
	

	16
	6.5%
	1186.1
	697.6
	1187.7
	2.42
	2.423
	 

	17
	6.5%
	1193.7
	702.8
	1194.1
	2.43
	
	

	18
	6.5%
	1203.5
	706.3
	1203.8
	2.42
	
	







Volumetric Analysis of Marshall Samples
	S.No.
	% Bitumen
	Sp. Gravity of agg. Mix
	Sp. Gravity of Bitumen
	% Aggregate Mix
	Density of compacted A/C mix in gm/cc 
	Max. sp. Gr
	Air Voids %
	VMA %
	VFB %
	Remarks

	1
	4.0%
	2.681
	1.032
	96.0%
	2.335
	2.520
	7.338%
	16.39%
	55.22%
	 

	2
	4.5%
	2.681
	1.032
	95.5%
	2.364
	2.501
	5.497%
	15.80%
	65.22%
	 

	3
	5.0%
	2.681
	1.032
	95.0%
	2.393
	2.483
	3.637%
	15.23%
	76.11%
	 

	4
	5.5%
	2.681
	1.032
	94.5%
	2.422
	2.465
	1.733%
	14.64%
	88.16%
	 

	5
	6.0%
	2.681
	1.032
	94.0%
	2.427
	2.447
	0.823%
	14.93%
	94.49%
	 

	6
	6.5%
	2.681
	1.032
	93.5%
	2.423
	2.429
	0.252%
	15.51%
	98.38%
	 







E. MIX DESIGN OF SAMPLE AT 2150C
Calculation of Marshall Stability and Flow Values
	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	1
	4.5%
	64.9
	65.7
	64.5
	65.0
	2.17
	2.30
	12.6
	0.96
	12.12
	12.28
	 

	2
	4.5%
	64.5
	64.9
	64.3
	64.6
	2.42
	
	12.6
	0.97
	12.26
	
	

	3
	4.5%
	65.3
	63.9
	63.5
	64.2
	2.3
	
	12.7
	0.98
	12.46
	
	

	4
	5.0%
	63.0
	63.7
	63.0
	63.2
	2.5
	2.56
	11.8
	1.01
	11.88
	12.91
	 

	5
	5.0%
	63.6
	62.8
	63.5
	63.3
	2.79
	
	13.1
	1.01
	13.18
	
	

	6
	5.0%
	61.6
	62.5
	63.1
	62.4
	2.39
	
	13.3
	1.03
	13.67
	
	

	7
	5.5%
	61.5
	60.4
	61.4
	61.1
	2.76
	2.81
	11.8
	1.06
	12.56
	13.64
	 

	8
	5.5%
	63.7
	64.0
	64.2
	64.0
	2.81
	
	14.1
	0.99
	13.94
	
	

	9
	5.5%
	63.0
	63.4
	62.2
	62.9
	2.85
	
	14.2
	1.02
	14.43
	
	

	10
	6.0%
	63.0
	64.7
	63.0
	63.6
	2.82
	2.91
	10
	1.00
	9.99
	10.84
	 

	11
	6.0%
	61.5
	61.6
	61.9
	61.7
	2.97
	
	11
	1.05
	11.51
	
	

	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	12
	6.0%
	63.3
	62.7
	64.2
	63.4
	2.94
	
	11
	1.00
	11.02
	
	

	13
	6.5%
	61.2
	61.1
	61.6
	61.3
	3.15
	3.03
	9
	1.06
	9.53
	9.84
	 

	14
	6.5%
	61.4
	62.0
	61.4
	61.6
	2.76
	
	9.3
	1.05
	9.77
	
	

	15
	6.5%
	61.4
	61.1
	60.7
	61.1
	3.18
	
	9.6
	1.07
	10.23
	
	



Calculation of Density of the Compacted Sample
	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	1
	4.5%
	1186.2
	690.6
	1194.1
	2.36
	2.364
	 

	2
	4.5%
	1191.3
	697.2
	1201
	2.36
	
	

	3
	4.5%
	1190.6
	695.1
	1196.9
	2.37
	
	

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	4
	5.0%
	1188
	697.2
	1192.6
	2.40
	2.393
	 

	5
	5.0%
	1204.9
	704.2
	1208.1
	2.39
	
	

	6
	5.0%
	1182.5
	693
	1188
	2.39
	
	

	7
	5.5%
	1162.9
	684.6
	1164.8
	2.42
	2.415
	 

	8
	5.5%
	1215.2
	714.2
	1216.9
	2.42
	
	

	9
	5.5%
	1198.5
	702.6
	1200.7
	2.41
	
	

	10
	6.0%
	1210.4
	710.3
	1211.9
	2.41
	2.422
	 

	11
	6.0%
	1180.1
	694.7
	1181.2
	2.43
	
	

	12
	6.0%
	1204.5
	709.6
	1206.1
	2.43
	
	

	13
	6.5%
	1184
	695.6
	1184.5
	2.42
	2.424
	 

	14
	6.5%
	1178.9
	693.2
	1179.5
	2.42
	
	

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	15
	6.5%
	1170.4
	688.8
	1171.4
	2.43
	
	



Volumetric Analysis of Marshall Samples
	S.No.
	% Bitumen
	Sp. Gravity of agg. Mix
	Sp. Gravity of Bitumen
	% Aggregate Mix
	Density of compacted A/C mix in gm/cc 
	Max. sp. Gr
	Air Voids %
	VMA %
	VFB %
	Remarks

	1
	4.5%
	2.681
	1.032
	95.5%
	2.364
	2.501
	5.480%
	15.79%
	65.29%
	 

	2
	5.0%
	2.681
	1.032
	95.0%
	2.393
	2.483
	3.636%
	15.23%
	76.12%
	 

	3
	5.5%
	2.681
	1.032
	94.5%
	2.415
	2.465
	2.016%
	14.88%
	86.46%
	 

	4
	6.0%
	2.681
	1.032
	94.0%
	2.422
	2.447
	1.030%
	15.11%
	93.18%
	 

	5
	6.5%
	2.681
	1.032
	93.5%
	2.424
	2.429
	0.220%
	15.48%
	98.58%
	 



F. MIX DESIGN OF SAMPLE AT 2250C
Calculation of Marshall Stability and Flow Values
	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	1
	4.0%
	65.7
	63.8
	65.7
	65.1
	2.52
	1.95
	13.1
	0.96
	12.58
	11.22
	 

	2
	4.0%
	64.7
	65.7
	64.8
	65.1
	1.58
	
	11.8
	0.96
	11.33
	
	

	3
	4.0%
	66.1
	65.3
	66.2
	65.9
	1.75
	
	10.3
	0.95
	9.74
	
	

	4
	4.5%
	64
	65.3
	65
	64.8
	2.39
	2.13
	14.3
	0.97
	13.85
	11.93
	 

	5
	4.5%
	64.3
	64.9
	63.5
	64.2
	1.99
	
	12.6
	0.98
	12.36
	
	

	6
	4.5%
	65.3
	66.5
	65.3
	65.7
	2
	
	10.1
	0.95
	9.58
	
	

	7
	5.0%
	64.7
	64
	64
	64.2
	2.55
	2.45
	11.8
	0.98
	11.58
	11.77
	 

	8
	5.0%
	63.1
	63.2
	63
	63.1
	2.54
	
	12.1
	1.01
	12.21
	
	

	9
	5.0%
	64.2
	62.7
	64.5
	63.8
	2.27
	
	11.6
	0.99
	11.51
	
	

	10
	5.5%
	63
	63.1
	63.5
	63.2
	2.68
	2.83
	10.8
	1.01
	10.88
	10.83
	

	11
	5.5%
	63.9
	63.3
	63.2
	63.5
	2.97
	
	11.8
	1.00
	11.81
	
	

	S.No.
	% Bitumen
	Thickness (mm)
	Mean Thickness (mm)
	Flow (mm)
	Average Flow (mm)
	Stability (KN)
	Correction Factor
	Corrected Stability
	Average Stability (KN)
	Remarks

	12
	5.5%
	63.3
	63.5
	63.7
	63.5
	2.85
	
	9.8
	1.00
	9.79
	
	

	13
	6.0%
	63.3
	62.5
	63.3
	63.0
	4.08
	3.04
	10.5
	1.01
	10.63
	10.53
	 

	14
	6.0%
	62.3
	62
	63.8
	62.7
	2.54
	
	10.1
	1.02
	10.31
	
	

	15
	6.0%
	62.6
	62.7
	63.5
	62.9
	2.51
	
	10.5
	1.01
	10.65
	
	

	16
	6.5%
	64.3
	63.4
	62.5
	63.4
	3.18
	3.13
	9.3
	1.00
	9.32
	9.88
	 

	17
	6.5%
	61.5
	61.8
	63.5
	62.3
	3.07
	
	9.8
	1.03
	10.10
	
	

	18
	6.5%
	66.5
	64.8
	62.5
	64.6
	3.15
	
	10.5
	0.97
	10.21
	
	










Calculation of Density of the Compacted Sample
	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	1
	4.0%
	1186.8
	688.5
	1192.5
	2.35
	2.339
	 

	2
	4.0%
	1197.2
	689.2
	1205
	2.32
	
	

	3
	4.0%
	1192.8
	694.2
	1203.5
	2.34
	
	

	4
	4.5%
	1186.8
	688.3
	1192.7
	2.35
	2.362
	 

	5
	4.5%
	1189.1
	695.2
	1195.9
	2.37
	
	

	6
	4.5%
	1200.4
	699.7
	1208.6
	2.36
	
	

	7
	5.0%
	1191.4
	703.2
	1199.4
	2.40
	2.386
	

	8
	5.0%
	1194.5
	695.3
	1198.5
	2.37
	
	

	9
	5.0%
	1184
	692.5
	1189.4
	2.38
	
	

	10
	5.5%
	1205.3
	709.2
	1208.7
	2.41
	2.424
	 

	11
	5.5%
	1192.3
	703.5
	1195.1
	2.43
	
	

	S.No.
	% Bitumen
	Wt. of compacted A/C sample (gm)
	Bulk density of compacted A/C mix in gm/cc
	Average bulk density of compacted A/C mix in gm/cc
	Remarks

	
	
	Wt. of A/C comp. in air
	Wt. of A/C comp. in water
	Wt. of A/C comp. SSD in air
	
	
	

	12
	5.5%
	1191.2
	705.2
	1194.6
	2.43
	
	

	13
	6.0%
	1195.4
	704.5
	1197.8
	2.42
	2.426
	 

	14
	6.0%
	1185.9
	705.6
	1187.4
	2.46
	
	

	15
	6.0%
	1204.5
	703.5
	1206.7
	2.39
	
	

	16
	6.5%
	1195.4
	705.6
	1197.8
	2.43
	2.428
	 

	17
	6.5%
	1185.9
	705.6
	1187.4
	2.46
	
	

	18
	6.5%
	1204.5
	703.5
	1206.7
	2.39
	
	







Volumetric Analysis of Marshall Samples
	S.No.
	% Bitumen
	Sp. Gravity of agg. Mix
	Sp. Gravity of Bitumen
	% Aggregate Mix
	Density of compacted A/C mix in gm/cc 
	Max. sp. Gr
	Air Voids %
	VMA %
	VFB %
	Remarks

	1
	4.0%
	2.681
	1.032
	96.0%
	2.339
	2.520
	7.181%
	16.25%
	55.80%
	 

	2
	4.5%
	2.681
	1.032
	95.5%
	2.362
	2.501
	5.568%
	15.87%
	64.91%
	 

	3
	5.0%
	2.681
	1.032
	95.0%
	2.386
	2.483
	3.911%
	15.47%
	74.72%
	 

	4
	5.5%
	2.681
	1.032
	94.5%
	2.424
	2.465
	1.648%
	14.57%
	88.68%
	 

	5
	6.0%
	2.681
	1.032
	94.0%
	2.426
	2.447
	0.845%
	14.95%
	94.35%
	 

	6
	6.5%
	2.681
	1.032
	93.5%
	2.428
	2.429
	0.048%
	15.34%
	99.69%
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Combined Gradation Curve
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Finer Percent ( % )



Bitumen content vs Stability

0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	11.571874999999999	13.458416666666666	15.541770833333331	14.703361111111112	13.487701388888889	9.3578333333333337	Bitumen Content %


Stability kn



Bitumen Content vs Flow

0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.1100000000000003	2.3866666666666667	2.59	2.7366666666666664	2.8566666666666669	3	Bitumen Content %


Flow value mm



Bitumen Content vs Bulk unit weight

0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3393471504244721	2.3837928126896952	2.3965170926104316	2.4080423045433768	2.4116677435677825	2.4004854368932032	Bitumen Content %


Bulk Density gm/cc



Bitumen content vs VMA%

0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.16244391508010458	0.15097619257477723	0.15091312641618193	0.15132010944686081	0.15453950587244281	0.16293597522214021	Bitumen Content %


VMA%



Bitumen content vs Percentage of air voids

0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	7.1787798307465844E-2	4.705037100807119E-2	3.4823615419548593E-2	2.3007526197950878E-2	1.4351398772979418E-2	1.1769711564948993E-2	Bitumen Content %


VTM%



Bitumen content vs VFB%

0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.55807640888200871	0.68835900412068252	0.76924727327221709	0.84795460245136522	0.90713443341261168	0.92776480731831845	Bitumen Content %


VFB%



165	185	195	205	215	225	59.33	56	53.33	50.33	47	40.33	Temperature


Penetration Value



165	185	195	205	215	225	48.6	48.8	49.1	49.3	51.3	52.5	Temperature


Softening Point



165	185	195	205	215	225	2522	2589	2664	3031	4209	4430	Temperature


Absolute Viscosity



165	185	195	205	215	225	-1.17	-1.25	-1.29	-1.37	-1.03	-1.07	Temperature


Penetration Index



165	185	195	205	215	225	15.5	13.7	13.6	13.3	13.2	11	Temperature


Stability kn



165	185	195	205	215	225	2.7	2.74	2.74	2.75	2.82	2.82	Temperature


Flow mm



165	185	195	205	215	225	0.03	2.9000000000000001E-2	2.7E-2	2.1999999999999999E-2	1.7999999999999999E-2	1.9E-2	Temperature


VTM %



165	185	195	205	215	225	5.22	5.33	5.37	5.42	5.57	5.4	Temperature


Binder Content



165	185	195	205	215	225	2.4	2.4	2.4049999999999998	2.415	2.4180000000000001	2.42	Temperature


Bulk Unit Weight



165	185	195	205	215	225	0.8	0.81	0.82499999999999996	0.85	0.87	0.87	Temperature


VFB %



165	185	195	205	215	225	0.151	0.153	0.152	0.14799999999999999	0.14899999999999999	0.14699999999999999	Temperature


VMA %



Bitumen content vs Stability

165	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	11.571874999999999	13.458416666666666	15.541770833333331	14.703361111111112	13.487701388888889	9.3578333333333337	185	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	12.817500000000001	14.183722222222224	12.875066666666664	11.928705555555558	10.789777777777779	195	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	11.104661111111113	13.98312777777778	13.283466666666669	12.070655555555556	11.667888888888891	205	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	11.8830375	12.383416666666667	12.87912777777778	13.21122222222222	11.491647222222225	10.388533333333335	215	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	12.279561111111112	12.9076	13.643986111111111	10.839500000000001	9.8425624999999979	225	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	11.218569444444443	11.931868055555556	11.77051111111111	10.827011111111112	10.527827777777778	9.8788888888888877	Bitumen Content %


Stability kn




Bitumen Content vs Flow

165	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.1100000000000003	2.3866666666666667	2.59	2.7366666666666664	2.8566666666666669	3	185	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.2900000000000005	2.5166666666666662	2.76	2.91	3.27	195	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.4066666666666663	2.5433333333333334	2.75	2.8666666666666667	3.1533333333333338	205	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.063333333333333	2.3400000000000003	2.4666666666666668	2.7899999999999996	3.0833333333333335	3.2566666666666664	215	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.2966666666666664	2.56	2.8066666666666666	2.91	3.03	225	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	1.95	2.1266666666666665	2.4533333333333331	2.8333333333333335	3.043333333333333	3.1333333333333333	Bitumen Content %


Flow value mm




Bitumen Content vs Bulk unit weight

165	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3393471504244721	2.3837928126896952	2.3965170926104316	2.4080423045433768	2.4116677435677825	2.4004854368932032	185	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3621711642948768	2.391890491693363	2.4014599509475221	2.4054864815650006	2.4021675772611313	195	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3478277741074751	2.3858287437108161	2.4061695689008631	2.4083484743832524	2.4054624855168441	205	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3353264667676146	2.3639781609387498	2.392675592840845	2.4220267741793986	2.4266490706718691	2.4229633964665416	215	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3643986300457613	2.3927000327928565	2.415062988830186	2.4215845845872463	2.4237279074493898	225	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	2.3392848895378884	2.3621942764195185	2.3858762631641905	2.4241198799805517	2.4261156858190183	2.4279209133870538	Bitumen Content %


Bulk Density gm/cc




Bitumen content vs VMA%

165	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	7.1787798307465844E-2	4.705037100807119E-2	3.4823615419548593E-2	2.3007526197950878E-2	1.4351398772979418E-2	1.1769711564948993E-2	185	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	5.5693883022350565E-2	3.6686938639650779E-2	2.5678122935774206E-2	1.6877680539242323E-2	1.1077209108805275E-2	195	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	6.1427824447464752E-2	3.9128254839761678E-2	2.3767333708269445E-2	1.5707984081031801E-2	9.7207634141692756E-3	205	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	7.3383135548782841E-2	5.4971514546280908E-2	3.6370745990996989E-2	1.7333738175735358E-2	8.2285304201347165E-3	2.5159997401686951E-3	215	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	5.4803427002180438E-2	3.6360903013204493E-2	2.0159089650049977E-2	1.0298385871224891E-2	2.2012663543791167E-3	225	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	7.1812502342779583E-2	5.5684643674666745E-2	3.9109116793825449E-2	1.6484521942806363E-2	8.4465248082631339E-3	4.7509238827059264E-4	Bitumen Content %


VTM%




Bitumen content vs VFB%

165	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.55807640888200871	0.68835900412068252	0.76924727327221709	0.84795460245136522	0.90713443341261168	0.92776480731831845	185	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.64901114370847512	0.75951243768480614	0.83286820666045369	0.89229749190186403	0.93176932630699816	195	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.62494997801574259	0.74707012457370081	0.84361551743829022	0.89911582016939762	0.93969766493768114	205	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.55222360699620132	0.65215273028380805	0.76114960462265868	0.88159326156482354	0.94488131264376252	0.98377797631507025	215	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.65288741767898439	0.76120066511617046	0.86456390650271786	0.93182718951672894	0.98578279702308302	225	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.55798498676977204	0.64905116480849612	0.74716631912163722	0.8868239480076805	0.94349185946283876	0.9969022930648499	Bitumen Content %


VFB%




Bitumen content vs VMA%

165	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.16244391508010458	0.15097619257477723	0.15091312641618193	0.15132010944686081	0.15453950587244281	0.16293597522214021	185	4.4999999999999998E-2	0.05	5.5E-2	0.06	0.15867706915484592	0.15255233279618519	0.15363996533924773	0.15670647636045554	0.16234940253772445	195	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.16378568416679939	0.1547000123010901	0.15198012820032059	0.15570314500655646	0.16120044777906939	205	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.16388343980465336	0.15803348001303008	0.15227417117538222	0.14639148417406134	0.14928748877767928	0.15509777257359403	215	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.15788372359114689	0.15226551209153594	0.14884577020419243	0.15106295014420767	0.15483118289533371	225	0.04	4.4999999999999998E-2	0.05	5.5E-2	0.06	6.5000000000000002E-2	0.16246620633533848	0.15866883742264326	0.1546831761415548	0.14565379912638288	0.14947447797735414	0.15336905595544237	Bitumen Content %


VMA%




Coarse Aggregate 20mm- 10mm Gradation Curve
Coarse Aggregate 20mm-10mm	20	16	13.2	9.5	4.75	2.36	0.6	7.4999999999999997E-2	100	65.610913404507713	41.909845788849346	21.720047449584811	7.5919335705812552	5.6109134045077109	2.7283511269276417	0.83036773428232236	0	Sieve Size ( mm )

Finer Percent ( % )


Coarse Aggregate 10mm-4.75mm Gradation Curve
Coarse Aggregate10mm-4.75mm	16	13.2	9.5	4.75	2.36	0.6	7.4999999999999997E-2	99.095186391603335	96.977922547955117	85.269634455302196	17.281939920376409	11.690191820484985	4.1621425986246852	0.48859934853420217	Sieve Size ( mm )

Finer Percent ( % )


Stone Dust Gradation Curve
Stone Dust	9.5	4.75	2.36	1.18	0.6	0.3	0.15	7.4999999999999997E-2	100	84.863092310214796	61.583866207575014	48.122643056238722	31.152647975077873	26.071487129037539	20.029513034923752	13.246433841613371	Sieve Size ( mm )

Finer Percent ( % )
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