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Abstract— In India the road transportation is experiencing 

quick expansion in both road infrastructure and boom in 

vehicle growth; the transport system is undergoing a testing 

progression. The road network with bituminous top surface is 

mostly in India as they are less costly both at starting and 

maintenance charges. However the exponential increment in 

undertaking, over-burdening of industry cars and massive 

types in day-to-day and low temperatures have demonstrated 

a number of constraints of fashioned bitumen execution. This 

demands the concern of altering the property of bitumen with 

utilization of compound added substances as a way to provide 

more strength to bitumen under severe climatic stipulations. 

The present research work is focused on the examination of 

properties of VG 10 with and without addition of modifiers 

as crumb rubber (8%, 10%, and 12%) and Expanded 

Polyethylene (3%, 5%, 7%). To focus on the effect of 

temperature and air blow, Short term aging is simulated in 

research facility using thin film oven test. 
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I. INTRODUCTION 

Road network of India is the second biggest in the world after 

United States of America and is taking place rapidly in our 

country. This transformation has received construct 

endeavour quantity, burden conditions, and so on, and 

subsequently bitumen needed for road development is pretty 

much need to have longer improvement life and higher 

execution attribute. The advance of sophisticated bitumen 

fixings has been a subject of unmistakable fascination to 

achieve higher road execution.  Republic of India is presently 

at a discriminating purpose in the historical scenery of base 

advancements since freedom, whereby road development and 

formative exercises are at the highest. 

Aging process of bitumen surface is one the 

variables deciding the lifetime of the road. The process of 

aging occurs during mixing and lying of bitumen on road and 

during the service life of the road. Bitumen aging is 

irreversible process which is the reason of negative alteration 

happening in the physical structure and chemical composition 

of bitumen with the time due to higher temperature, 

oxidation, radiation of ultra violet rays, and loss of volatile 

components which results into deterioration of physical 

behaviour. Bituminous binder amendment is a fundamental 

leap forward and the continuous research and is aiming to 

provide new binders with higher rheological and mechanical 

characteristics which enable the manufacturing and 

application of road bituminous mixes with more eminent 

performance.  

The current study is focused on recognizing the 

effect on bitumen by addition of crumb rubber and expanded 

polyethylene. This incorporates penetration test values, 

Softening point test, elastic recovery test and viscosity test. 

The short term aging is simulated in laboratory by oven at 

163°C for five hours. 

II. LITERATURE REVIEW 

1) Praveen Kumar et. Al. (2012)  in their topic of work on 

“Lab Study on Chemical and Rheological Changes in 

Modified Binders.” conveys that the present study covers 

the use of EVA, SBS, and CR with varying percentage 

from 2 to 8% by weight of bitumen as modifiers in VG 

10 and VG 30 grade bitumen. The rheological properties 

were measured. The physical properties of bitumen are 

improved with addition of EVA, SBS, and CR. Greater 

weight loss is seen in PAV aged samples. There is an 

increase in complex modulus and decrease in phase 

angle of bitumen with increase in modifier content. The 

EVA modifier has higher loss and storage moduli, so 

EVA modified binder will cause crack at low 

temperature. EVA modified binder can be used in high 

temperature and heavy traffic. The optimum dose of SBS 

and EVA was found 2% and of CR 5%. Infrared analysis 

shows retaining of covalent bond between bitumen and 

modifier. Spectral analysis suggests that SBS is the best 

material among all three for modification to enhance 

chemical properties during service life. [10] 

2) Maninder Singh et. Al. (2012)  worked on “Aging Effect 

of Modified Bitumen” states that VG 10 bitumen is used 

and Crumb Rubber (CR), Styrene Butadiene Styrene 

(SBS), and Ethylene Vinyl Acetate (EVA) are used as 

modifiers with different percentages (2, 5, 8%). Physical 

properties and Short term aging (Thin Film Oven Test) 

tests are performed on neat and modified bitumen. The 

results shows that from all three modifiers, Styrene 

Butadiene Styrene (SBS) modified bitumen has shown 

greater degree of improvement in modification 

compared to EVA and CR bitumen with difference being 

more pronounced at higher content. Increase in softening 

point and viscosity after TFOT aging is due to increase 

in content of asphaltenes and resins and decrease in 

aromatic content. [7] 

3) Kumar et. AL (2009) in the study focussed on 

“Rheological Properties of Crumb Rubber Modified 

Bitumen” which is used is VG 10 and VG 30 grade 

Bitumen from Mathura Refinery and Crumb Rubber as 

modifier. The result analysis shows that the complex 

modulus increases with increase in modifier content (3 

to 9%) and decreases with increase in temperature. The 

increase in complex modulus and phase angle in 

modified bitumen indicates higher resistance to 

deformation compared to neat bitumen. Binder stiffness 

and elasticity increases with increase in temperature and 

modifier content. [9] 
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4) Patel Chirag B, Prof. S.M. Damodariya (2013) focuses 

on “Study on Effect of Waste Plastic and Crumb Rubber 

on Physical Properties of Bitumen.” with aim to use 

waste HDPE plastic and Crumb Rubber as bitumen 

modifiers in VG 30 grade bitumen from 1% to 4% by 

weight of bitumen. Physical properties like penetration, 

softening point and ductility were conducted on neat and 

modified binders. The decrease in modified blends 

indicates improvement in temperature susceptibility 

resistance characteristics. Softening point increase with 

increase in modifier content and bitumen becomes more 

viscous. The ductility value decreases with increase in 

modifier content for HDPE and CR both. The ductility 

less than 50cm should not be used in road construction. 

[8] 

5) Ramprasad D S et. Al. (2013)  shows on the study on 

“Comparison of Physical and rheological Properties of 

Plain and Crumb Rubber Modified Bitumen.” that basic 

physical tests indicate that CRMB has improved results 

and has more resistance to aging (TFOT). Marshall 

Stability and Indirect Tensile Strength Ratio Test are also 

conducted which a show CRMB is more stable and has 

low rutting and fatigue cracking during service life. [11] 

III. EXPERIMENTAL PROGRAMME 

A. Materials: 

In this study the following material are taken to carry out the 

research work: 

1) Bitumen: 

VG 10 bitumen used in this research work is supplied by 

TikiTar Industries. VG 10 is widely used for surfacing and 

construction of roads in coder temperature region. VG 10 

grade bitumen having a kinematic viscosity of 250 cSt at 135° 

C, and viscosity of 800 poise at 60° C, a penetration point 

deflecting from 80 to 100 at 25° C and a base softening point 

after 40° C. Milder thickness grades VG-10 are proposed for 

zones with most raised reliably mean air temperatures of 30° 

C and lower (cool climatic high stature zones of North India). 

The smallest orderly mean air temperatures (which are 

likewise genuinely near bitumen temperature) happen in 

India in January. The range is from - 2°C to 21°C. 

2) Crumb Rubber: 

Crumb rubber is obtained from waste tyre rubber grinded at 

ambient temperatures producing smooth particles. The 

processing method, therefore, affects the crumb rubber 

particle morphology, which in turn affects the rate of reaction 

and target viscosity of CRMB. The crumb rubber used is 

supplied by TikiTar Industries Halol, Vadodara District. 

3) Expanded Polyethylene (Epe): 

Expanded polyethylene is the plastomeric in nature. It is 

widely used as packing material of electronic items to prevent 

damage and also as thermal insulator. The EPE used in this 

study is a waste from packing materials. 

4) Sample Preparation: 

Crumb rubber provided by Tikitar industries Halol, Vadodara 

is passing through 600 micron sieve is used to modify the neat 

VG 10 bitumen which is widely used as modifier. Crumb 

rubber enhances the elastic response of the bitumen. Crumb 

rubber is blended with neat bitumen at different concentration 

(8%, 10% and 12%) at about 180°C temperature at about 600 

rpm. The agitation is done for about 90 to 120 minutes. 

Expanded polyethylene enhances the properties of the neat 

bitumen. Expanded polyethylene is added to the neat bitumen 

with different dosage by weight (3%, 5%, 7%). The mixing 

is done at 170°C at 600 rpm for about 120 minutes. The 

bitumen is heated up to 100°C that is pouring temperature, 

take 600 gm of bitumen to the metal container. The container 

is then fitted under mechanical stirrer for mixing. 

B. Testing: 

Various physical tests were done before and after aging 

process like penetration test, softing point test, elastic 

recovery, viscosity test on bitumen blends. 

1) Short Term Aging Test: 

Aging of bitumen was performed using short term aging 

technique, Thin Film Oven Test (ASTM D1754). VG 10 

bitumen sample with and without modifiers, of 50 gm is 

poured into a metal pan with layer thickness of 3.2 mm. The 

metal pans are the placed into a specially designed oven 

having circular shelf. The pans are placed on the circular shelf 

rotating at 6 rpm and kept for 5 hour at fixed temperature of 

163°C the effect of air and high temperature changes the 

physical properties of bitumen previously measured. The loss 

of material takes place. The most extreme loss of weight is 1 

percentage for every sample according to IRC SP 53:2002. 

IV. TEST RESULTS AND DISCUSSION: 

 Before aging 

Binde

r type 

Penetratio

n at 25°C, 

(dmm) 

Softenin

g point, 

(°C) 

Elastic 

recover

y at 15 

°C, (%) 

Viscosit

y @ 

150°C 

(Poise) 

Specifi

c 

gravity 

VG 

10 
83 47 19 1.1 1.02 

VG 

10 + 

8% 

CR 

53 52 69 5.45 1.03 

VG 

10 + 

10% 

CR 

52 54 75 6 1.025 

VG 

10 + 

12% 

CR 

46 57 77 7.6 1.031 

VG 

10 + 

3% 

EPE 

56.43 50 22 3.65 1.033 

VG 

10 + 

5% 

EPE 

39 54 28 5.97 1.021 

VG 

10 + 

7% 

EPE 

32.33 60 32 9.9 1.025 

Table 1: Physical properties of VG-10 bitumen before aging 

A. Physical Properties Of VG-10 Bitumen Before Aging 

(Table 1): 

1) Penetration Test Result (IS: 1203-1978):  

Penetration is the measure of the bitumen consistency. The 

penetration qualities are decreasing essentially for VG10 

bitumen mixed with both modifiers. This is evidence that the 
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blending has changed the property, the stiffness is increased. 

This may enhance the rutting safety of the mix. 

2) Softening Point Result (IS: 1209-1978):  

The results indicate the stiffening effect with addition of 

crumb rubber and EPE in suitable dosages with VG 10 

bitumen; this phenomenon suggests that the resistance of the 

binder to the effect of temperature is enhanced and it will 

bring down its tendency to soften in weather. This suggests 

better rutting resistance property of blend. 

3) Elastic Recovery Results (IRC-SP-53-2010):  

This test results indicate the elastic properties of blend with 

addition of modifiers. Elastic response has increased with 

additive modification. This will increase the life of pavement 

at low temperature. It is clearly shown in table - 1 that the VG 

10 bitumen modified 12% Crumb rubber gives the maximum 

elastic recovery than that of bitumen modified with EPE 

4) Viscosity Test (Astm D4402-06):  

Rotational viscometer is used to determine the viscous 

property if blend at 150°C temperature. The test results shows 

increase in viscosity of bitumen. The viscosity is increased 

more in case of EPE blends compared to crumb rubber 

modification. 

5) Specific Gravity Test(IS: 1202-1978):  

The test results show the slight increase in specific gravity of 

blends. This is due to slight chemical process of bitumen by 

adding both modifiers. 

 After aging 

Bind

er 

type 

Penetrati

on at 25 

°C, 

(dmm) 

Softeni

ng 

point, 

(°C) 

Elastic 

recove

ry at 

25 °C, 

(%) 

Viscosi

ty at 

150°C 

(Poise) 

%Lo

ss of 

weig

ht 

VG 

10 
75 50 12 1.95 0.10 

VG 

10 + 

8% 

CR 

48.7 56 50 6.1 0.21 

VG 

10 + 

10% 

CR 

47 56 55 6.7 0.25 

VG 

10 + 

12% 

CR 

37 60 57 8.5 0.35 

VG 

10 + 

3% 

EPE 

55.1 52 18 4.0 0.15 

VG 

10 + 

5% 

EPE 

36 57 25 6.1 0.16 

VG 

10 + 

7% 

EPE 

28 64 26 10.5 0.17 

Table 2: Physical properties of VG-10 bitumen after aging 

(TFOT) 

B. Physical Properties After Aging (Table 2): 

1) Penetration Test (IS: 1203-1978): 

The table shows decrease in values of penetration after aging 

process that suggests stiffness of bitumen blend.  It indicates 

the changes in chemistry of bitumen. 

2) Softening point test (IS: 1209-1978): 

The test results shows an increment in softening point of 

bitumen as modifier content has increased, which will reduce 

the rutting consequences  of the road surface . 

3) Elastic Recovery Test (Irc-Sp-53-2010): 

The result got exhibits an effect of modifier on VG 10 

bitumen i.e. increment of elastic recovery value which 

demonstrates the material enhancing bitumen resistance to 

rutting. 

4) Loss In Weight (ASTM -D1754): 

The loss in weight of un-aged and aged binder takes place due 

to loss of volatile components after aging process. The 

maximum permissible limit for loss in weight as per codal 

provision i.e. less than 1%.  

V. CONCLUSION 

Irreversible aging process of bitumen alters the properties of 

bitumen either it is physical or chemical. The above results 

shows that as the modifiers are added into neat bitumen the 

physical properties are enhanced, and it is indicated by 

decrease in penetration value, increase in softening point 

values, & elastic recovery of blends, thus enhancing the 

rutting resistance and elastic response of bitumen blends. 

Improvements are higher with increase in modifier content. 

Results at initial stage and after short term aging, indicates 

that crumb rubber modification gives higher elastic response, 

and EPE modification gives higher rutting resistance. The 

losses of weight in case of both modifiers are within the 

specified limit as per code. 

From an environmental and economic standpoint, 

the use of crumb rubber waste tyres grinded at ambient 

temperatures as a bitumen modifying agent may contribute to 

solving a waste disposal problem and to improving the 

quality of road pavements.  
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