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Abstract— Bitumen ageing is one of the principal factors 

causing the deterioration of bitumen pavements. It is 

responsible for deterioration of physical and chemical 

properties of the bitumen binder. The influence of vehicle 

traffic on road pavements causes natural aging processes 

and gradual loss of viscoelastic properties of bitumen 

binders. In the present study natural organic materials like 

sugarcane molasses were used in various percentages (0 to 

3%) as modifiers in 60/70 grade bitumen. The effect on 

physical properties in terms of penetration, softening point, 

weight loss  and rheological properties of the bituminous 

binders in terms of their complex modulus (G*) and G*/Sin 

δ before and after ageing were measured. Testing was 

performed at temperatures ranging from 45 °C to 70 °C in 

increments of 6 °C at a frequency of 10 rad/sec using 

dynamic shear rheometer (DSR). The results show that after 

ageing softening point increases and penetration decreases 

with increasing percentage of modifier. The G*/Sin δ is 

found to decreases with increase in percentage of modifier 

after ageing indicating little lesser rutting resistance than 

neat bitumen but the effect of ageing (hardening) on 

modified bitumen is less as compared to unmodified 

bitumen. Hence it improves the service life of pavement. 

From the point of economical viability, molasses is much 

cheaper than bitumen. 

Key words: Modified Bitumen, DSR, Complex Modulus, 

Ageing, Molasses, Castor Oil          

I. INTRODUCTION 

Bituminous roads are the major part of network in India. 

The high intensity of traffic in terms of commercial vehicles 

and the over loading of trucks have been responsible for 

early development of distress symptoms like undulations, 

rutting, cracking and potholing of pavement. The factors, 

which are of serious concern, are the varying climatic 

conditions prevalent in India and the inadequate quality 

control during the construction of the roads. A flexible 

pavement structure is a sensitive system whose conditions 

change progressively as a result of the effects of traffic and 

the natural environment, rate of loading and number of 

repetition of loads. Due to increased loads and high 

temperature differential which are typical for Indian 

condition the conventional bitumen fails to give longer life 

for pavements. The purpose of bitumen modification Using 

admixture is to achieve desired engineering properties such 

as increased Rutting resistance depends mainly on aggregate 

properties and mix design although binder characteristics are 

a secondary factor. The behaviour is characterized in the 

SUPERPAVE specification by the complex shear modulus 

measured using dynamic shear rheometer (DSR). G*/Sin δ 

is the  rutting resistance parameter, while G* Sin δ is the 

fatigue resistance parameter, according to SUPERPAVE 

specifications Dynamic rheological properties refer to 

responses of a material to periodically varying strains or 

stresses and dynamic shear rheometer is used to measure 

these properties. The primary parameters for 

characterization of the bitumen are complex modulus (G*) 

and phase angle (δ).Phase angle measures the viscoelastic 

character of the bitumen. A purely viscous liquid and an 

ideal elastic solid demonstrate d of 90 ° and 0 °, 

respectively. The viscoelastic parameters of bitumen are 

functions of temperature and frequency, which may be 

modified by the addition of admixture. Ageing or hardening 

of bituminous binder occurs during mixing and lay down 

process and during service. The complex process of ageing 

has been studied by several authors and it was established 

that bitumen ageing is one of the principal factors causing 

negative change of physical structures and chemical 

compositions, and results in the deterioration of its physical 

behaviours .Under extreme aging conditions, even 

conventional binder is prone to lose its binding capacity. 

The oxidation of binder further contributes to change in the 

structural and functional grouping that is responsible for 

chemical and physical aging. 

II. OBJECTIVES OF STUDY 

1) To develop modified mix using different types of 

waste as admixture. 

2) To study the change in rheological behaviour of 

bitumen binder by adding oily resinous admixture. 

3) To compare the general behaviour of normal and 

modified bitumen. 

III. LITERATURE REVIEW 

Bitumen is comprised of a complex mixture of organic 

molecules which vary widely in their composition like 

hydrocarbon molecules (hydrogen and carbon), but also 

contain minor amounts of structurally analogous 

(heterocyclic species) and functional groups (heteroatom) 

containing sulphur, nitrogen and oxygen atoms. Bitumen 

can be divided into two broad chemical groups, called 

asphaltenes and maltenes (saturates, aromatics and resins) 

regarded as a colloidal system consisting of high molecular 

weight asphaltenes micelles dispersed or dissolved in a 

lower molecular weight oily medium (maltenes). In oily 

medium like saturates which have lighter weight, 

responsible for ageing due to Volatization. Resins have a 

good polarity and it perform as a good binding property 

also. The more contain should be resins in bitumen for long 

time performance of pavement. Many researches has been 

done by many authors on rheology of the modified bitumen. 

Modified bitumen like (pyro lytic carbon black, elastomer 
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crumb rubber, Nano clay, precipitated calcium carbonate, 

Ethylene Vinyl Acetate (EVA), a plastomer Styrene 

Butadiene Styrene (SBS), many organic  materials like 

waste sugar cane ash (WSCA) , shredded waste plastic bags 

(SWPB) and Molasses etc.) used for study the rheological 

and physical properties of rubberized bitumen after and 

before aging. From the review of literature ,effects on 

modified bitumen  improve the physical , rheological and 

mechanical properties of bitumen like  increase in viscosity, 

an increase in G* (complex modulus), a decrease in phase 

angle (δ) and decrease in penetration with increased 

modifier content, improve the oxidative aging resistance of 

modified bitumen binder. 

IV. EXPERIMENTAL PROGRAMME 

A. Material Selection: 

1) Bitumen (Grade VG-30): 

Bitumen is defined as “A viscous liquid, or a solid 

consisting essentially of hydrocarbons and their derivatives, 

which is soluble in tri-chloro-ethylene and is substantially 

non-volatile and softens gradually when heated.  It is black 

or brown in colour & possesses waterproofing and adhesive 

properties. It is obtained by refinery processes from 

petroleum, and is also found as a natural deposit or as a 

component of naturally occurring asphalt, in which it is 

associated with mineral matte (H.P. Bitumen Handbook).  

2) Castor Oil 

Castor oil is an edible oil and it has a Boiling Temperature 

315°C, Specific Gravity 960kg/M
3
.It is used as Lubricant 

And Viscosity At 10°C =2400 Poise and it is Adhesive 

Promoter, form gums in short time. 

3) Molasses: 

Molasses is the dark, sweet, syrupy by-product made during 

the extraction of sugars from sugarcane and sugar beets. 

Molasses can vary in colour, sweetness, and nutritional 

content depending on the variety or how much sugar has 

been extracted. Molasses has a rich history in the Caribbean 

and Southern United States, where sugarcane and sugar 

beets are heavily cultivated. Molasses was also a popular 

sweetener throughout the United States in the early 20th 

century.  

Cost: Waste molasses 12Rs per kg 

Availability: Maharashtra, UP, Karnataka, Punjab. 

Water content: 20% average 

State: Liquid 

B. Preparation of Modified Bitumen: 

In preparing the modified binders, about 500 g of the 

bitumen was heated to fluid condition in   1.5 litre capacity 

metal container. The mixing was performed in the 

laboratory using an oven fitted with a mechanical stirrer and 

rotated at 1550 rpm for mixing the bitumen and modifiers. 

For blending of molasses with bitumen, bitumen was heated 

to a temperature of 120 °C and then molasses was added. 

The blend was mixed manually for about 3-4 minutes. The 

mixture was then heated to 140 °C and the whole mass was 

stirred using a mechanical stirrer for about 5 minutes. Care 

was taken to maintain the temperature between 160 °C to 

170 °C. The modified bitumen was cooled to room 

temperature and poured into mould. 

C. Preparation of Test Specimens for Rheological Tests: 

A disk of binder with diameter equal to the oscillating plate 

of the DSR is needed for testing. About 10-20 g of binder at 

solid consistency is taken and placed in between the parallel 

plates of DSR. The thickness of the bitumen binder 

sandwiched between the spindle and the fixed plate must be 

carefully controlled by removing the excess material using 

knife. The proper specimen thickness (1 mm) is achieved by 

adjusting the gap between spindle and fixed plate using 

micrometer wheel. 

D. Tests on Bitumen: 

The tests carried out on Bitumen are following:  

1) Penetration test (IS: 1203-1978) 

2) Softening point test (IS: 1205-1978) 

3) Elastic recovery test 

4) Thin film oven test (IS 9382-1989) 

5) Dynamic shear rheometer (DSR) (IS15462-2004) 

For the DSR measurements, the 25 mm plates with 1 

mm gap were used for testing of neat and TFOT samples 

and measurements were taken in temperature range from 45 

°C to 72 °C in an increment of 6 °C. All the binders were 

tested at a frequency of 10 rad/sec to determine the 

performance grade as per SHRP specifications. 

V. RESULTS AND ANALYSIS 

Penetration test, softening test, elastic recovery test, 

thin film oven test & Dynamic shear rheometer have been 

conducted on different proportions of molasses with VG-30 

type bitumen grade.From trial and error method, a range 

from 0 to 3 %molasses was admixed with VG-30 and tests 

were conducted on the samples. 

Modifier 

content (%) 

of Molasses 

Penetration 

Value (1\10th 

of mm) 

Softening 

Point 

(°C) 

Elastic 

Recovery 

0 67 50.5 25% 

0.5 66 52 22% 

1 66 52.5 20% 

1.5 64 53 24% 

2.5 64 52.5 18% 

3 63 53.5 19% 

Table 1: Physical Properties of Unaged Modified Bitumen 

Modifier 

content (%) of 

Castor oil 

Penetration 

Value (1\10th 

of mm) 

Softening 

Point 

(°C) 

Elastic 

Recovery 

0 67 50.5 25% 

0.2 71 49 23% 

0.5 73 48 22% 

1 86 46 20% 

Table 2: Physical Properties of Unaged Modified Bitumen 

Penetration test, softening test, elastic recovery test, 

thin film oven test, Dynamic shear rheometer have been 

conducted on different proportions of Castor oil with VG-30 

type bitumen grade.From trial and error method a range of 0 
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to 1 % castor oil is admixed with VG-30 and tests were 

conducted on sample.  

Modifier 

content 

(%) for 

molasses 

Loss on 

heating of 

molasses 

Modifier 

content (%) 

of castor oil 

loss on 

heating of 

castor oil 

0 0.45% 0 0.45% 

0.5 1.15% 0.2 0.96% 

1 0.99% 0.5 0.98% 

1.5 0.74% 1 1.50% 

2.5 0.86% - - 

3 1.14% - - 

Table 3: Effect of Loss on Heating on Different Proportions 

of Modifier 

After conducting ageing test (TFOT),there is 

significant loss of weight of molasses and castor oil 

modified bitumen. From test result it is observed that 1.5 % 

molasses and 0.2% as well as 0.5% castor oil have  less loss 

on heating and are satisfying the range of  IRC SP-

53,2002.So physical and rheological properties are analysed 

for the combination of (1.5% molasses+0.2% castor oil) & 

(1.5% molasses+0.5% castor oil), before as well as after 

ageing. The effect on changes of properties is described in 

below table and graphs. 

A. Before Aging: 

Designation 

VG30 + 

(1.5% 

molasses 

+0.2% 

castor oil) 

VG30 + 

(1.5% 

molasses 

+0.5% 

castor oil) 

Permissible 

Limit (min.) 

as per IS-

73(2006) 

Penetration 

(dmm) 
70 71 50 

Softening 

Point (°C) 
54.5 54 47 

Elastic 

Recovery 
25% 27% 35% 

Table 4: Physical Properties of Unaged Modified Bitumen 

B. Physical Properties: 

1) Penetration Test: 

The penetration values are increasing significantly for 60/70 

bitumen mixed with (1.5% molasses +0.2% castor oil) and 

(1.5% molasses +0.5% castor oil). It is observed that the 

penetration value increases as the concentration of modifier 

increases. Further, the bitumen modified with (1.5% 

molasses +0.2% castor oil) seems to be more effective in the 

penetration values. 

2) Softening Point Test: 

As shown in Table 4 the softening point increases with 

decrease in percentage of castor oil. The effect of VG30 + 

(1.5% molasses +0.2% castor oil)on softening point is much 

more. 

3) Elastic Recovery Results: 

The elastic recovery test was performed and was found to 

increase with increase in percentage of modifiers. However, 

in case of bitumen modified with VG30 + (1.5% molasses 

+0.5% castor oil), it slightly increases. It is clearly shown in 

Table 4 that the bitumen modified with VG30 + (1.5% 

molasses +0.5% castor oil) gives the maximum elastic 

recovery. 

C. Rheological Properties: 

Effect on G* and δ before ageing 

 
Fig. 1: Relationship between G* With Temperature for 

Unaged Modified Bitumen 

 
Fig. 2: Relationship between Δ with Temperature for 

Unaged Modified Bitumen 

The complex modulus (G*) and phase angle (δ) 

versus temperature at 10 rad/s, and variation in G*with 

temperature for 60/70 grade bitumen modified with  (1.5% 

molasses +0.2% castor oil)and (1.5% molasses +0.5% castor 

oil)are shown in Figure 1–2. It may be seen that the complex 

modulus G* of the modified binders is lesser as compared 

to neat bitumen. It is observed that complex modulus 

decreases significantly as the temperature increases. For 

aged samples, complex modulus decreases with increase in 

temperature. However, in general, a binder with high values 

of G* at high temperature is expected to provide an 

improved deformation resistance.    

Effect on G*/Sinδ before ageing 

 
Fig. 3:  Relationship between G*/Sinδ with Temperature for 

Unaged Modified Bitumen 



A Study on Changes in Rheological Behaviour of Paving Grade Bitumen using Admixtures 

 (IJSRD/Vol. 3/Issue 03/2015/503) 

 

 All rights reserved by www.ijsrd.com 2027 

Rutting of bituminous pavements is the most 

prevalent problem in India. It is useful to determine the 

stiffness of the bitumen at 60 °C so that it can specify its 

minimum stiffness to ensure adequate resistance to rutting 

during summer. The parameter G*/sin δ is a measure of 

stiffness of the binder which is also used as an indicator for 

rutting resistance in the current US super pave 

specifications. The rutting resistance of the binder decreases 

with increase in the percentage of modifier. The rutting 

resistance decreasing little with addition of VG30 + (1.5% 

molasses +0.2% castor oil) in 60/70 bitumen at 70 °C Figure 

3. Therefore, (1.5% molasses +0.2% castor oil) binder is 

suggested to not use above 70 °C temperature in the area of 

heavy traffic and at high temperatures. As per the 

specifications, to assure adequate performance at the hot-

mix plant and during laying, the value for G*/sin δ, of the 

original unaged binder must be greater than 1.0 kPa at an 

assigned temperature which depends on the high 

temperature service environment of the binder. This reduces 

the potential of having a tender mix if at all the plant 

conditions are not as severe as those simulated by the TFOT. 

From Figure 3 it can be clearly seen that the values of 

G*/Sin δ are as per the specification values for all 

temperatures of 60/70 bitumen except higher temperatures 

(i.e.> 72 °C) fails to meet the criterion. 

D. After Ageing: 

Designation 

VG30 + 

(1.5% 

molasses 

+0.2% 

castor oil) 

VG30  + 

(1.5%mola

sses+0.5% 

castor oil) 

Permissibl

e Limit as 

per IS-

15462 

(2004) 

Loss in 

Weight (%) 
0.31% 0.29% 1% (max) 

Increase in 

Softening 

Point (°C) 

3 5 6°C (max) 

Reduction of 

Penetration 

Value 

32 30 35(max) 

Elastic 

recovery at 

15°C (%) 

30 28.67 35% 

Table 5: Physical Properties of Aged Modified Bitumen 

after TFOT Ageing 

E. Physical Properties after Ageing: 

1) Penetration Test 

Due to evaporation of volatile material the bitumen after 

ageing hardens and thus penetration value decreases and the 

value decreases as the percentage of modifier increases 

(Table 5).  

2) Softening Point Test- 

The softening point value increases after ageing and the 

value increases with increasing modifier content (Table 5).  

3) Loss in Weight 

The loss of volatile fractions contributes to the difference in 

weights between original and aged sample. The maximum 

loss in weight should be 1% as per IRC: SP: 53:2002. 

F. Rheological Properties after Ageing: 

Effect on G* and δ after ageing 

Ageing of bitumen occurs by chemical and/or physical 

changes during the construction stage and throughout its 

service life. The process is usually accompanied by loss of 

volatiles and hardening of the binder, which in turn 

influences the deterioration of the asphalt pavement ageing 

of the binders, was performed using TFOT in the present 

study. The complex modulus after short term ageing of 

bitumen at different temperatures is graphically represented 

in Figure 4-5. As can be seen, there is a constant increase in 

complex modulus, G*, with increase in percentage 

modification after Ageing than unaged unmodified and 

modified bitumen. The result of ageing is an increase in 

complex modulus G*, which indicates the hardening of the 

bitumen. Hardening of neat bitumen is in higher speed than 

modified bitumen so ageing process of modified bitumen is 

slow. 

 
Fig. 4: Relationship between G*With Temperature for Aged 

Modified Bitumen 

 
Fig. 5: Relationship between Δ with Temperature for Aged 

Modified Bitumen 

Effect on G*/Sind after ageing  

The rutting resistance as expected is found to 

increase with increase in the percentage of modifier after 

TFOT Ageing (Figure 10-12). Also, G*/sinδ varied almost 

linearly with temperature. Therefore, 60/70 binder can 

beneficially be used in the areas of heavy traffic and at high 

temperatures, if modified. To evaluate asphalt’s ability to 

resist rutting, the binder is aged using the thin film oven test 

(TFOT). The residue must have a value of G*/sinδ greater 

than 2.2 kPa at the service environment's highest 

temperature. From the values of G*/sin δ represented in 

Figure 7, it is observed 60/70 bitumen and (1.5% molasses 

+0.2% castor oil) and (1.5% molasses +0.5% castor oil) just 

meet the specifications at lower percentage of modification 

and higher temperatures. 
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Fig. 6: Relationship between G*/Sinδ with Temperature for 

Aged Modified Bitumen 

VI. CONCLUSION 

The physical properties of bitumen such as penetration, 

softening point and elastic recovery are improved with 

addition of the molasses and castor oil.VG30 + (1.5% 

molasses +0.2% castor oil)modified binder gives higher 

softening point and better elastic recovery VG30 + (1.5% 

molasses +0.5% castor oil). Elastic recovery increases with 

increase in percentage of modifier for molasses and castor 

oil modified binders. Maximum elastic recovery was 

observed at VG30 + (1.5% molasses +0.2% castor oil) 

modified binder. Higher value of elastic recovery indicates 

more flexibility to the binder and will increase the life of 

pavement at low temperature.  
On ageing of binders, higher softening points as 

well as lower penetration values are found. The loss of 

volatile fractions contributes to the difference in weights 

between original and aged sample. There is a constant 

increase in complex modulus, G*, with increase in 

percentage modification after ageing. The increase in 

complex modulus and decrease in phase angle of the 

modified binder indicate higher resistance to deformation. 

Increment in complex modulus of unmodified bitumen is 

higher than modified bitumen though both are in specified 

limit of Indian standards. Ageing process is may slow 

during its service life for modified bitumen. The parameter 

G*/sin δ is a measure of stiffness of the binder. The rutting 

resistance as expected is found too little decrease with 

increase in the percentage of modifier after TFOT ageing 

than neat bitumen though they are also in specified limit of 

Indian standards. G*/sin δ varies almost linearly at higher 

temperature of 70 °C.  

In the present study, the value of G*(complex 

modulus) and G*/sin δ for (1.5% molasses +0.5% castor oil) 

binders are found to be higher than (1.5% molasses +0.2% 

castor oil) modified binders. Modified binders can be used 

in very high temperature and heavy traffic areas. Modified 

binders will be suitable for moderately high temperature 

zone and low cost roads due to slow ageing process during 

its service life. Lots of previous studies on molasses were 

conducted, but none of them compared the rheological 

properties amongst them. The present study compares the 

effect of binder modification with (1.5% molasses +0.5% 

castor oil) and states the climatic conditions in which each 

one should be used beneficially. 
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