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ABSTRACT:In India, a test known as the penetration test is carried out at a temperature of 25 degrees Celsius in order
to assess the degree to which bitumen can be bent without breaking. The goal of this evaluation is to determine how
much bitumen can be bent before it breaks. This, in turn, determines the quality of the bitumen that is used throughout
the process. Both high volumes of traffic and erratic patterns of precipitation may be to blame for the state of the
asphalt, which has become problematic as a result. Not only do these components have a big influence on the operation
of the pavement, but they also have a substantial impact on the lifetime of the pavement. The warmer months of the
year, when temperatures above 60 degrees Celsius, the bitumen begins to soften. This results in permanent deformation
of the pavement in the form of rutting, which may be a dangerous driving condition. When the temperature drops
below freezing during the winter months, fatigue cracking in bituminous pavements is more likely to occur. This is
because bituminous pavements are more brittle. Cracking of this kind is known as fatigue cracking, and it manifests in
materials after they have been exposed to repeated stress, such as that caused by loads of traffic. increasing the
bituminous mixture's properties while at the same time boosting its makeup. by raising the standard of quality during
the whole process of constructing the building and continuing to maintain it after it is finished. In the event that the
bitumen undergoes any transformations, the bituminous mixture that is produced as a result will wind up having a
greater overall quality. The only approach to successfully eliminate pavement distresses is to combine the application
of an additive with the application of a newly produced and enhanced binder. This is the only method that has been
shown to be effective. This is the only strategy that has been shown to be successful in previous research. It is well
acknowledged that one of the most efficient methods for enhancing the properties of asphalt is to do so via the use of
sulphur, which is among the options that are accessible. Sulfur is useful in a wide range of applications and has the
potential to be an effective component in the transformation of other chemicals. Sulfur is a chemical element that has
the chemical symbol S.
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I. INTRODUCTION

This inquiry will center on the bituminous binder that includes sulfur as its primary variable of interest. The dynamic
mechanical analysis that will come first in this investigation is meant to serve the study's overarching objective of
determining the rheological properties of the VG-30 bitumen binder. This will be followed by the morphological and
thermal testing that was previously mentioned. During the process of analyzing the rheological characteristics of the
material, DSRs and FESEMs are employed as analytical tools. Experiments on creep recovery are a part of this
procedure for evaluating the material, together with evaluations of morphology and temperature.

II. METHODOLOGY

Capillary Viscometer

Absolute viscosity is determined by applying a confined and well-defined resistance to the liquid using vacuum
pressure. Meanwhile, the kinematic viscosity is measured by matching the resistance of the liquid to flow when
subjected to gravity within a glass tube at a predetermined temperature and pressure.To maintain the desired
temperature during viscosity measurements, a heating apparatus containing silicon oil is used. Figure 1 illustrates the
different components of the viscometer and their arrangement.
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Fig. 1: (a) Cannon Capillary Vacuum Viscometer (b) Absolute viscosity glass tube (c) Kinematic viscosity glass tube

Dynamic Shear Rheometer

Additionally, the DSR was utilised in order to study the object's failure of fatigue, cracking, and corrosion.
Measurements were taken using a DSR device on bituminous binders, both in their natural state and after they had been
changed.

Fig. 2: Dynamic Shear Rheometer
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Fig. 3: Spindle Position vs Cycle

The instability results in a single cycle that continues without interruption and may be carried out several times while
being tested. In Equation 1, the transient sinusoidal volume is a potential representation of the load factor that is stated
as an expression.

T = To Sin (ot)
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Controlled stress and controlled stress are two of the many various ways of testing that may be used for DSR. Other
methods are controlled stress and controlled stress. In the controlled stress mode, the bitumen is kept at a level of shear
pressure that is lower than the level that has been specified in advance, and the stress that is created by the shear stress
is measured electronically.

Specimen geometry

In order to prevent fatigue failure at moderate road temperatures, the sample should have a diameter of 8 mm and a
thickness of 2 mm. The DSR geometry is seen here in figure 3.5. Two plates that are arranged such that they are
parallel to one another are what are keeping the bitumen sample in place. During testing, the geometry of the top plate
may be allowed to rotate around its own hub, but the geometry of the base plate will stay unchanged.

25mm Parallel Plate 8 mm Parallel Plate

Fig. 4: Specimen geometry

Theoretical analysis

One is possible to acquire a flexible shear modulus and a bituminous binder phase section under the oscillatory shaft by
following this test process and employing parallel plate test geometry.

In each of these experiments on bitumen bonds with shear modulus dynamics between 100 and 10 MPa, the
temperatures varied from 6 to 88 degrees Fahrenheit, and the exact angular frequency was determined to be 10 rad / s.
An adjustable temperature gauge, a data gathering device, and a flexible shear rheometer are all shown here.

Applied Shear Stress Viscous Axis

' Total Complex

Shear Modulus (G*)

Resulting Shear,Strain

|

|

|

o Viscous |
» o

Portion |

|

|

|

Phase Ange

P Elastic Avs

Elostic Portion

o - Phase Angle

Fig. 5: data gathering device
Phase Angle

It is common practise to indicate the sinusoidal temporal fluctuation with the recurrence frequency, which is denoted by
f = Hz or rad/sec. The amount of time it takes for a body to start to strain when it is subjected to sinusoidal shear stress
is what we look at when attempting to explain phase angle. The phase angle, which is a consequence of the dynamic
mechanical testing done using DSR, may properly demonstrate the viscoelastic behaviour of bitumen. This is possible
because the phase angle is a vector. An example of a typical phase angle.
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Complex Modulus

During a dynamic mechanical test, the "real" and "non-existent" components of a complicated modulus were
determined. The true or actual (storage) component of a material reveals information about the material's ability to store
and release potential energy. The distortion of the nonexistent/imaginary (loss) allocation releases heat, which causes
the heat to evaporate. In order to take into consideration the shear modulus, the statement is revised to become Equation
2.

G* = G2+G"
Where G’2 is the storage modulus and G2 is the loss modulus. The phase angle G* is given by equation 3.

tan (1) = G"/G' .. 3

The mechanical characteristics of polymer chains may be better understood with the help of flexible features, which
offer information all the way down to the atomic level. The combination of the storage modulus (G ') and the loss
modulus (G ') results in a flexible modulus that has components that are both elastic and viscous. Final modulus (G ):
The backup system's last module is the one that contains the stretch (recyclable) section of the module. The viscous and
irreversible component of the loss modulus is denoted by the notation G ' ' and is referred to as the loss modulus.The
following table illustrates the complex search modulus (G *), storage modulus (G '), loss modulus (G ' ), and phase
angle ().

Absolutely viscous:

8=90° G =0;G"=G*

................................. 4
Purely elastic:
8=0°%G"=0;G" =G*
................................. 5
Peak stress
P Peak strain
I" \‘ _bl & '4—

s (G*)
|Shear stress ©

Shear strain

Peak Stress
Peak Strain

Storage modulus, G' = G* cos & 0 /

Complex shear modulus, G* =

Loss modulus, G'' = G* ¢in &
(G
(a) (b)

Fig. 6: Peak stress- strain vs Time

II1. RESULTS AND ANALYSIS

The skeletal structure of the test cover is chosen so that researchers may analyse the impact that sulphur has on
bitumen components under a variety of various loading circumstances. The results of these evaluations are shown
in the tables and graphs that follow.

Test findings on the rheological properties of an aged and adult binder

SHRP Test Results for General Conditions of Sulfur Conversion Tar Mixing at the Optimal Temperature

The phase angle and the complex shear modulus are used to analyze the blending temperature and the complex shear
modulus diagrams [figure 5.1 (a) & (b)].

This is because the bitumen was prepared using sulphur. The viscosity of the sulphur powder increases as the
temperature of mixing and mixing climbs over 150 degrees Celsius.
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Fig. 7: Variations of phase angle with different blending temperature
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Fig. 8: Variations of complex modulus with different blending temperatures

As the temperature rises above 140 degrees Celsius, the complex modulus of sulfur-modified bitumen begins to
decrease. Because of this, the elasticity and strength of sulphur-modified bitumen were evaluated at a temperature of
140 degrees Celsius in order to determine whether or not sulphur and bitumen may be legitimately combined or
blended.

SHRP test results for the appropriate time / mixing of sulfur conversion tar under General Conditions for SHRP
testing

The phase angle and complex modulus are studied in order to provide an estimate of how much time it will take for the
sulphur and bitumen to mix.
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Sample Blending Time (min.)

Fig. 9: Behaviours of phase angle with change in blending time
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Fig. 10: Behaviours of complex modulus with change in blending time for
2% sulphur modified bitumen
SHRP test on bitumen binder

The graphs [figure 3.3 (a) and (b)] make it simple and straightforward to understand how the phase angle changes over
time as well as how the complex modulus moves.
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Fig. 11: Variation of phase angle with increase in sulphur content

Because it has the smallest phase angle, two percent sulphur is the most effective modifier content there is. This is
because it has the lowest phase angle. However, due to the rise in bitumen viscosity that takes place when the
concentration of sulphur is increased to an excessive degree, the phase angle displays a wide range of fluctuation,
which can be attributed to the fact that. The value of the complex modulus is likewise very high when there is 2%
sulphur present.

55000 -
Co 50000 -
m
P 45000 |
lex
Mo 40000 |
dul
us 35000
Pa
30000

25000

20000 -

15000 , , , s
0 2 4 6

Sulphur Content (%)
[ —=—UNAGED —e RTFOT 4 PAV |

Fig. 12: Variations of complex modulus with increase in sulphur content

Modified binder exhibits the same differences in ageing behaviour as does unaged modified binder.
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High-temperature viscosity results

In order to investigate the behaviour of viscosity VG 30 bitumen that had been manufactured with sulphur, a number of
temperature and shear temperature factors were investigated. The results of the tests are shown in the figure that can be
seen below.The effect that an increase in temperature has on the performance of bituminous fluids. Because of this, the
shear bitumen resistance in the pivoting spindle of the Brookfield viscometer diminishes, which ultimately results in the
sample having a lower viscosity.
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Fig. 13: Behaviour of viscosity of bitumen with variation of Temperature
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Fig. 14: Variations of viscosity of VG 30 bitumen with increase in shear rate for different temperatures.

As a direct consequence of this, the rutting resistance of sulphur-converted bitumen improves together with the
increasing viscosity of VG 30. The temperature has to be determined in order to achieve the necessary viscosity.
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Fig. 15:Variations of viscosity of 2% sulphur modified VG 30 bitumen with increase in shear rate for different
temperatures.
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According to Newton's theory, the viscosity of a Newtonian liquid does not fluctuate nearly as much as the shear
measurement function, rather, it is constant throughout all of time.

Extended Sulphur tar as a result of Oscillation testing

SHRP grade test results

The results of studies conducted on more obsolete and less common varieties of bitumen are provided in the table that
may be seen under the heading Table 5.1. The findings of the SHRP grade determination test were presented in the
form of a table. These results were derived from SHRP grade determination tests that were conducted. The outcomes of
the tests used to determine the SHRP grade are detailed in Table 3.1, which can be seen below.

Test Angular Phase Complex
Sample G*Sin(8) | G*x Sin(8) .
Temp. Frequency Angle® | Modulus Specification pa | Remarks
type Pa Pa
oC rad/s @ Pa(G*)
VG 30 60 10 >1000
7737 1.77E+04 1.81E+04 ok
VG 30 -
60 10 3.42E+04 =2200
RTFOT 6837 | 3.18E+04 ok
VG0 -
. 60 10
PAV 65.03 3.59E+04 325E+04 <5000 Kpa ok
VG 30 +
60 10 5534 3.65E+04
2%5 4 44E+04 =2200 ok
VG 30+
2% 60 10
RTFOT 5117 3.88E+04 4.98E+04 =2200 ok
VG 30 +
2% S| 60 10
PAV 4858 4.11E+04 S48E+04 | <5000 Kpa ok

IV.  CONCLUSIONS

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

e For the purpose of determining the fatigue life of bituminous binder, it is recommended to make use of the
approach known as dissipated energy.

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

e Rheological testing of modified binders may be related with high levels of indirect strength, strong modulus, and
fatigue health.
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