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Indian Road Infrastructure

✓ India has the second largest road network in the world

with an aggregate road length of 5.6 million km, next

only to the US.

✓An ambitious target has been set to increase the length

of national highways to 200,000 km from 115,435 km

in July 2017.

✓Construction of highways hit 27 km/day in 2017-18,

clocking a 20% growth over the 22.5 km/day in the

previous fiscal and the government has targeted to build

roads at a scorching pace of 45 km/day.
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Introduction



Aggregate Demand in India

✓Currently India consumes about 160 million cubic metres of aggregates in road construction,

including 37 million cubic metres of aggregates consumed in rural roads construction.

✓Aggregate consumption is predicted to hit 450 million cubic metres by 2030.

✓Many industrial wastes are being tried in road construction to cut down the aggregate demand such

as fly ash, steel slag, demolition wastes, marble dust, reclaimed asphalt pavement (RAP) etc.
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Bitumen Demand in India

✓VG 10 grade bitumen comprises 35%, VG

30 comprises 60% and VG 40 comprises

5% of total bitumen demand in India.

✓During 2014-2015, total bitumen

consumption in India was 4.8 million

tonnes.

✓Consumption of bitumen is projected to rise

to 7 million tonnes till 2021-2022.
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Need of asphalt binders modification
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✓There is a need to improve the performance of asphalt concrete mixes to resist

heavier traffic loads and extreme temperature fluctuations.

✓ Use of additives to modify the bituminous binder to achieve enhanced mechanical

and performance properties of hot mix asphalt (HMA).

✓ Many polymers have also been tried to modify the bitumen to get enhanced

performance, such as styrene-butadiene-styrene (SBS), ethylene vinyl acetate

(EVA), styrene-butadiene rubber (SBR), crumb rubber (CR), polyethylene (PE) etc.

✓A polymer to be used for bitumen modification should be compatible, not degrade

at the mixing temperatures and should improve temperature susceptibility of the

asphalt binder.

✓Rubbers are attractively used as modifiers due to their characteristics such as low

glass transition temperature, high molecular weight and low cost.

Heavy axle loads

Thermal cracking
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Ehthylene propylene diene monomer (EPDM) rubber waste

✓ EPDM is a synthetic rubber with applications as roofing

membranes, sealants, tubings, belts, & electrical insulators.

✓ Non-tire automotive parts such as weather strips, tire flaps,

hoses, vibration insulators etc.

✓ These rubbers accounts for about 3 percent weight of the

total weight of the vehicle.

✓ EPDM contributes about one half in these types of rubber.

(Fukumori and Matsushita, 2003).
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EPDM rubber

✓EPDM rubber is a terpolymer of ethylene, propylene, and a diene-monomer component.

✓EPDM key properties are the ability to withstand high temperatures, strong resistance to acid

and alkali media as well as excellent weathering properties.

✓Commonly used dienes are 1,4-Hexadiene (1,4-HD), dicyclopenta-diene (DCPD), and

ethylidene norbornene (ENB), but most widely used is ENB.

✓A diene monomer is added to provide unsaturation for crosslinking.
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Materials and Methodology

Preliminary Investigation on the Use of 

Sulphur with Waste EPDM Rubber for 

Asphalt Binder Modification



Materials used in this study
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✓Waste EPDM rubber granules

passing the 300-micron sieve size.

✓ Procured from Rohan Enterprises,

Pune, India.

✓Sulphur as cross-linking agent

✓ Supplied by Tikitar Industries,

Gujarat, India.

1. Modifiers 2. Bitumen

✓ VG-30

✓ Supplied by Tikitar

Industries, Gujarat, India.



Modified asphalt binder preparation

✓EPDM dosages were 2, 4, 6 and 8 percent and sulphur dose

was 0.3 percent by the weight of the bitumen.

✓Mixing was done at shearing rate of 8000 rpm, at elevated

temperature of 150 °C for 45 min.

✓After adding sulphur, mixing was done for further 15 min at

same shearing rate and temperature.
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Experimental methodology
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Results and Discussion



Storage stability
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✓Test was conducted as per ASTM D7173-2014.

✓The difference in softening point of the top and

bottom section increases with increase in EPDM

content.

✓The addition of sulphur to the EPDM modified

binders, decreases the difference in softening point.

✓The difference decreases with the increasing EPDM

content.



Softening point
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✓Increase in the softening point with increasing

content of EPDM.

✓Further increase in softening point after the

addition of sulphur.

✓Indicates increase in the stiffness of the EPDM

modified binders.



Penetration value
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✓No significant change in the penetrability.

✓Slight increase in penetration of the binders for

the 2 and 4 percent content of EPDM after

adding sulphur.

✓For 6 and 8 percent EPDM content, sulphur

addition has no effect on penetrability.



Viscosity at 135 °C

✓Viscosity of the neat binder increased with

increasing EPDM content.

✓A decrease in viscosity after adding sulphur to the

blends.

✓Indicates that sulphur has a softening effect on

binder’s stiffness at higher production temperatures.

✓Viscosity is well within the Superpave specified

maximum limit of 3 Pa.s at 135°C.

TIPCE 201911-Jan-19 16



Complex modulus (G*) with temperature
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✓Addition of EPDM leads to increase in the complex

modulus, which increases further with increase in

EPDM percentage.

✓Use of sulphur is found to further enhance the

binder stiffness.

✓There is an average increase of 105-110% in G*

for EPDM modified binders compared to the

control binder, which further increases by 115-

120% with addition of sulphur.



Phase angle (δ) with temperature

✓Phase angle of EPDM-modified binders is found

to be lower than the control binder.

✓Phase angle decreases further on addition of

sulphur to EPDM-modified binders.

✓The increase in G* and reduction in δ with

sulphur is due to the formation of a chemically

cross-linked network in the modified binders.
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Percent storage modulus (G’) in G* at 64 and 76 °C
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✓EPDM-modified binders demonstrate higher

elasticity of response, which is further enhanced

on addition of sulphur at both the test

temperature.

✓G’/G* increased from 10.6% for control binder to

24% for E-8 and 27% for E-8+S at 64 °C and from

5% for control binder to 14% for E-8 and 17% for E-

8+S at 76 °C.



Rutting parameter (G*/sin δ ) of unaged binders
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✓G*/sin δ is increasing with increasing

EPDM content for the unaged binders.

✓Addition of sulphur further increased the

G*/sin δ values at all the test

temperatures.

✓Indicates a better rutting resistance.



Failure temperature results
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✓Failure temperature is increasing with

increase in EPDM content.

✓For unaged EPDM-modified binders, adding

sulphur has increased the failure

temperature.



Frequency sweep
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✓Conducted on short-term (RTFO) aged

binders at 60 °C.

✓G* increases with increasing EPDM content.

✓Sulphur added EPDM-modified binders owns

higher G* due to the elastic polymer network

formed by crosslinking reaction.

✓Higher G* at high frequency indicates better

rutting resistance of the binders.



Binder Yield Energy Test (BYET)

✓Test was conducted as per AASHTO TP123-2016 on long-

term aged binder to evaluate the resistance to yield-type

failure under a constant strain rate loading.

✓BYET involves testing the binder sample at a constant strain

rate of 2.315% per second until the sample achieves 4167%

strain (after 30 minutes).
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✓Within the duration of test, the sample shows a peak shear strength beyond which it cannot resist

further stress and begins to yield.

✓Binder yield energy (YE) is calculated as the area under the stress–strain curve up to the strain level

corresponding to maximum shear stress.



BYET results
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✓Addition of sulphur to the EPDM-modified

binders increases the yield energy (YE)

compared to their control.

✓This indicates that there has been increase in

capacity of the binder to resist higher stress

before the yielding commences.

✓An EPDM dosage of 4% produces highest YE.
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Conclusions



Conclusions

✓ Addition of EPDM improves the rutting resistance and elastic behavior of the asphalt binder.

✓ Storage stability of EPDM-modified binders improved with the addition of sulphur.

✓ With addition of sulphur, the increase in the viscosity caused due to EPDM addition was also

compensated.

✓ EPDM modification led to better high temperature performance with higher complex modulus and

lower phase angle values than the control binder. This improvement got further enhanced with the

addition of sulphur.

✓EPDM modification of 4% showed peak yield energy in the BYET procedure, suggesting improved

fatigue response.
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Blending Parameter

Modifier

Blending 

content 

(%)

Blending 

time 

(minutes)

Shearing 

rate 

(rpm)

Blending 

tempera

ture (˚C)

Base bitumen Author

EPDM

3 ---- 2000 175 AC10, AC30

Gopalakrishna

n & Metcalf, 

2001

5 ---- 8200 180 60/70
Perez-Lepe et 

al., 2006

3 60 7000 170 60/70
Ghoreishi et 

al., 2018

Sulphur

0.2 60 4000 170 80/100
Liang et al., 

2017

0.2 120 600 170-180 VG10
Padhan et al, 

2018
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Rubber composition of a tire

Reference: Dodds et al (1983). Scrap tires: a resource and technology 

evaluation of tire pyrolysis and other selected alternate technologies.


