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ABSTRACT: In order to evaluate the degree to which bitumen can be bent without breaking, a test known as the 

penetration test is carried out at a temperature of 25 degrees Celsius in India. In turn, this defines the grade of bitumen 

that is used in the process. Problems with the pavement may be traced back to both large levels of traffic and 

fluctuating patterns of the weather. These components have a significant impact not only on the functionality of the 

pavement but also on its longevity. During the warmer months of the year, when temperatures surpass 60 degrees 

Celsius, bitumen starts to soften, which results in permanent deformation of the pavement in the form of rutting. It is 

more common for bituminous pavements to suffer from fatigue cracking when the temperature goes below freezing 

during the winter months. Fatigue cracking is a kind of cracking that appears in materials after they have been 

subjected to repetitive stress from loads of traffic.  enhancing the characteristics of the bituminous mixture while 

simultaneously improving its composition. by enhancing the general level of quality during the building's development 

as well as its upkeep. If any modifications are made to the bitumen, the bituminous mixture will end up being of higher 

quality as a consequence. The only way to effectively eradicate pavement distresses is to combine the use of an 

additive with the use of a newly created and improved binder. This is the only method that has been shown to be 

effective. It is generally agreed upon that making use of sulphur as a means of improving the qualities of asphalt is one 

of the most effective approaches available. Sulphur is valuable in a broad variety of applications and has the potential 

to be an efficient component in the transformation of other chemicals. In addition, it is important to perform a thermal 

behavior and morphological study on traditional bitumen binder in order to get a knowledge of the changes in chemical 

composition that often take place as a consequence of the modification process. 
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I. INTRODUCTION 

The use of roads and highways is by far the most common method of transportation in India. Roads with flexible 

paving are constructed out of bituminous materials in addition to aggregates. Bitumen, a substance used in civil 

engineering, is often used to construct highways with flexible pavement. The great degree of versatility that 

bitumen has makes it a good material to utilise in engineering endeavours. Bitumen is an excellent binder for 

use in road building since it is very sticky, resistant to water, and has a long shelf life. According to research 

conducted by the Minnesota Asphalt Pavement Association in 2003, it is resistant to almost all acids, alkalis, and 

salts.When roads are constructed, a substance known as bituminous mixture is created by combining gravel and 

bitumen in the same container. This combination is employed in the building process. [2009].The viscoelastic 

qualities of bitumen make it a great choice for use in binding applications. The grades of bitumen VG-30 and VG-

10 are frequently exploited; however this might change depending on the climate.  

These failure modes include rutting and fatigue cracking in the material. [Lesueur, 2009] Both of bitumen's 

properties play a significant role in determining how long a flexible pavement will last. This is because a rise in 

heavy traffic and poor weather conditions cause these characteristics to not be reached by the bitumen.  

The study of bitumen's performance, which is known as bitumen rheology, is accomplished via the use of 

Dynamic Mechanical Analysis. cited in: [Airey 2002a] In the linear viscoelastic (LVE) region is where the test is 

carried out.  

Problem Statement  

 In India, the penetration test is performed at a temperature of 25 degrees Celsius to determine the level of pliability 

of the bitumen. This, in turn, determines the grade of bitumen that is used.Pavement problems may be attributed to both 

high volumes of traffic and shifting weather patterns. The performance and durability of the pavement are both directly 
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influenced by these elements.When temperatures reach 60 degrees Celsius, bitumen begins to soften, which causes 

permanent distortion of the pavement in the form of rutting during the hot summer months. When the temperature drops 

below freezing during the winter months, bituminous pavements are more likely to suffer from fatigue cracking. 

Cracking that occurs as a result of repeated stress from loads of traffic is referred to as fatigue cracking. As a result of 

this, a number of different measures may be taken to lessen the wear and tear on the flexible pavement, such as the 

following: 

  Improving the composition of the bituminous mixture while also characterising it. 

  By improving the overall quality of the building's construction and maintenance. 

 If adjustments are made to the bitumen, the bituminous mixture will become superior as a result. 

 

The only approach to successfully eliminate pavement distresses is by combining the use of an additive with the 

application of a newly developed and enhanced binder. The use of sulphur is widely considered to be one of the 

most effective methods for enhancing the properties of asphalt. Sulphur is useful in a wide number of contexts 

and may be an effective ingredient in modifying other substances. In addition, it is essential to conduct a thermal 

behaviour and morphological analysis on conventional bitumen binder in order to get an understanding of the 

changes in chemical composition that often take place as a consequence of the modification process. 

Purposes of Research  
In this particular piece of research, the rheological qualities of both modified and unmodified bitumen binder were 

investigated. According to the description of the problem that was presented earlier, the primary objectives of the study 

are summarised as follows: 

FESEM respectively.  

1. A modified binder will be used in the research that is being conducted for this project to determine how flexible 

pavements might perform better. 

2. Dynamic shear rheometers, or DSRs, are used in the rheological testing of bitumen binders in order to determine the 

temperature and rate of loading conditions that would provide the most precise findings. 

3. The Dynamic Mechanical Analysis Method is used so that a comparison can be made between the rheological 

characteristics of early bitumen and those of bitumen transformed at high, medium, and low temperatures. 

 

4. Research has demonstrated that the rheology, storage stability, and morphology of bitumen are all influenced by 

sulphur. 

 

5. Subjects derived from the rheology and morphology of bitumen that were baked in a folding film oven (RTFO) in 

both their original and modified forms. 

II. LITERATURE REVIEW 

Basic Bitumen Structure 
Its colour ranges from dark brown to black. Hydrocarbons with a relatively high molecular weight make up its 

constituent parts. This product is generated in the crude oil refineries by use of vacuum distillation columns.The place 

of origin of the crude oil may have an effect on the physicochemical properties of bitumen that is derived from crude 

oil. The great bulk of its makeup is made up of carbon and hydrogen. 

Table 1: Bitumen's Component Elements, by Whiteoak (1990) 
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Fig. 1:Bit Chemical Groups [Robert et al (2000)] 

 

Chemical Groups of Bitumen  

 

Bitumen is composed of asphaltenes, resins, oils, and saturates. These chemical groups determine its physical and 

chemical properties. 

 

Asphaltenes: Asphaltenes do not melt in non-polar liquids. If there is a high concentration of asphaltenes, then the 

asphalt will have a high viscosity. As a consequence of this, the asphalt will not be able to penetrate. 

Maltenes: Maltenes are broken down into three subcategories: saturates, aromatics, and resins. Saturates are the most 

common kind of maltene. 

Saturates: Saturates are a class of hydrocarbons that may have either straight or branched chain structures. This 

category may include non-polar viscous oils that have a white colour and a range of molecular weight that is 

comparable to that of aromatics. 

Resin: In comparison to other types of substances, resins have a lower molecular weight and appear as a dark, semi-

solid substance. When heated to high degrees, it has a brittle texture and a liquid state, while at lower temperatures it is 

solid. It is responsible for the dispersion of the asphaltenes. 

Aromatics: They are the smallest molecules that can be found in bitumen. The liquids have a colour of dark brown and 

a consistency similar to that. 

Empirical testing  
Login test 

In order to ascertain the quality of the bitumen, a penetration test is carried out at a temperature of 25 degrees Celsius to 

evaluate the bitumen's consistency as well as its indirect viscosity. There are figures for penetration that are expressed 

in tenths of millimetres (Deci millimetre, dmm). For example, the penetration values for 40/60 grade bitumen at 25 

degrees Celsius vary anywhere from 40 to 60 dmm. It is possible to grade and characterise a broad variety of bitumens 

on the basis of the results from the penetration.  

 

Softening point test  
For the purpose of ensuring that it is in compliance, the lubrication zone employs a ring system and a ball to determine 

the temperature at which the tar first starts to flow.Glycerine is another option for tempering temperatures that are 

higher than 80 degrees Celsius. When the asphalt reaches a certain temperature, it starts to become more flexible, and 

this point is referred to as the softening point. In this scenario, the temperature of the paving grade bitumen is typically 

anywhere from 35 degrees Celsius to 65 degrees Celsius.  

Viscosity may be defined in a number of different ways, but most often, it is referred to as the shear pressure 

measurement that is applied to the shear strain. There are other methods to describe viscosity as well. It is well 

knowledge that tar occupies this particular location. There is something called total viscosity, and there is also 

something called kinematic viscosity. Dynamic shear rheometer and absolute vacuum capillary viscometer and 

kinematic viscosities at 60 ° C and 135 ° C, respectively, are criteria that must be reached in order to fulfil several other 

requirements. Utilising a vacuum capillary tube viscometer is another method that can be used to determine the overall 

viscosity of the substance. Testing the viscosity of bitumen using a rotating viscometer is the technique that is 

recommended by ASTM D 4402-02 as being the most practical approach. The Brookfield rotating viscometer, which is 

based on a thermocel system, is able to test bitumen at a number of different temperatures. This is the R.P.M. The 

spindle is put through a series of shear rates in order to get an accurate reading of the viscosity of the tar. In order to get 

accurate readings of viscosity, the spinning torque has to be increased by at least 10% over the typical level. Adjusting 

the amount of torque with the use of measurement parameters is the first step in figuring out the tar's level of viscosity. 
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III. METHODOLOGY 

As a consequence of this, the assessment of the attributes of bitumen should centre on the fatigue and rutting safety 

performance of the material. When it comes to flow characteristics, the DSR is likely to be considered as the instrument 

that is both the most difficult and the most enjoyable to use. It is also essential to have a solid understanding of the 

chemical shifts that took place in bitumen as a result of the sulphur transformation.  

Purpose of rheological properties of bitumen  

There is a wealth of information available on both the benefits and drawbacks of using rheological properties as a 

proxy for an execution parameter. Because of this, physical attributes that have wide temperature ranges and 

recurrences that are both high and low may be precisely evaluated, which is something that is difficult to achieve in 

the field because of the movement.  

In addition, it was decided that the major concerns that were found in these trials, as well as the several kinds of 

conventional standards that are now in use, would also be the primary focus of the research.  

Viscoelastic Chattels of bitumen  

It is possible to specify these qualities with the help of mechanical dampening and a flexible storage module. In 

accordance with [Airey], its restrictions and the effects it has on the performance of tar were promptly considered. 

Viscosity of bitumen 
The measure of resistance to flow is referred to as "viscosity." Bitumen is a viscoelastic material that has the 

appearance of a semi-solid when it is at ambient temperature but transforms into a Newtonian liquid or a liquid with 

low viscosity when it is heated over 60 degrees Celsius. As a consequence of this, the primary criterion that is used to 

categorise bitumen is its viscosity. There are two different methods that the viscosity of bitumen may be measured: 

kinematic viscosity and absolute viscosity. 

Quantity of Viscosity  

The following is a list of brief explanations of the different viscometers' operating ideas and the techniques that they 

use to measure. 

3.3.1.2 Brookfield Viscometer  

The method that is used most often for assessing the viscosity of a fluid is shown in [Figure 3.1]. In the field of 

equipment lubrication, research, quality control, and grease analysis have traditionally depended on absolute viscosity 

evaluation.  

 

 
Fig. 2: Rotating Viscometer and operating system 

 

IV.EXPERIMENTAL PROGRAM 

The material that is provided in this article has been broken down into four primary sections in order to make it easier 

to comprehend. Finally, we investigated how the testing of our tangible assets was affected by the various temperatures 
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that were used. In the fourth step of this investigation, the samples were examined in terms of their morphological, 

chemical, and thermal structures.  

Material  

According to the findings of this study, there is a connection between the kinds of neat bitumen, the types of modifiers, 

and the degree to which they are modified. The usage of bitumen fixers in the bitumen business may be attributed to a 

wide variety of various factors. This experiment used bitumen with a viscosity value of VG-30; it was employed in the 

experiment. The following is a list of the bitumen's physical features, which can be found in the table below: 

Table 2:Physical properties of VG-30 bitumen 

 

 
 

In order to create a modifiable component for the process of bitumen modification, a powdered form of sulphur is used. 

This can be seen in the picture that comes after. Sulfur's key properties are shown in figure 4.1, which may be seen 

below. 

 

Fig. 3:prediction of sulphur over years and Elemental Sulphur powder 

Table 3: Physical properties of Elemental Sulphur 
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Sample Preparation  

First, the viscoelastic characteristics of the produced sample were tracked over time, and then the rheological 

properties of expanded sulphur bitumen were analysed to see how those qualities changed over time. There are 

four processes involved in the testing of sulphur-prepared bitumen. Sulphur was added to VG 30 bitumen that 

was heated to a liquid state in a container that held three litres and contained about one kilogramme of tar.  

 
V.CONCLUSIONS AND RECOMMENDATIONS 

These improvements were made to increase bitumen's performance. The use of sulphur as a component in bitumen 

binders results in an improvement in the performance of the binders. The following constitutes the concluding ideas: 

 When compared to unmodified binder, viscoelastic behaviour is improved when 2% sulphur is added to ordinary 

VG-30 bitumen. This type of binder also has improved resistance to fatigue and rutting in comparison to binder 

that has not been aged. 

 Even when used with more traditional binders, a binder that has been treated with sulphur has better viscoelastic 

and rheological characteristics. 

 It has been revealed that sulphur-modified binders may fulfil the requirements for the physical properties. 

 Morphological investigations demonstrate that the sulphur in the bitumen matrix is dispersed in an even manner 

throughout the matrix. 

Recommendations for future work  
The following is a quick list of suggestions for more investigation in the future. 

 

 For the purpose of determining the fatigue life of bituminous binder, it is recommended to make use of the 

approach known as dissipated energy. 

 Studying the performance of a binder is something that should be done regardless of how many pressures are 

imposed. 

 Rheological testing of modified binders may be related with high levels of indirect strength, strong modulus, and 

fatigue health. 
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