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ABSTRACT
Article Info India has a road network of over 4,689,842 kilometers in 2015, the second
Volume 8, Issue 2 largest road network in the world. It has primarily flexible pavement design
Page Number : 626-632 which constitutes more than 98% of the total road network. India being a very

vast country has widely varying climates, terrains, construction materials and
Publication Issue mixed traffic conditions both in terms of loads and volumes. Increased traffic
March-April-2021 factors such as heavier loads, higher traffic volume and higher tire pressure

demand higher performance pavements. So to minimize the damage of
Article History pavement surface and increase durability of flexible pavement, the
Accepted : 25 April 2021 conventional bitumen needs to be improved. Different types of additives are
Published : 30 April 2021 currently used in bitumen for asphalt modification. Such as

I) Styrene — butadiene — styrene (SBS)
II) Natural rubber
IIT) Ethylene vinyl acetate (EVA)
IV) Polyethylene (PE)
V) Resin
a) Epoxy Resin
b) Polyurethane Resin
c) Acrylic Resin

d) Phenolic resin

Keywords : Epoxy Resin, Bitumen, Marshal Mix Design, Mechanical
Properties, Stability

I. INTRODUCTION plants. Asphalt and resin are sufficient compatible
Resin is a sticky flammable organic substance with each other and is produced by mixing under

insoluble in water exuded by some tree and other heat asphalt with a condensation product of an
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asphalt and a non- thermo reactive phenol resin. By

this resin modification has done.

The composition gives an excellent coating without
separation of asphalt on slicking based on the
incompatibility of asphalt and resin. From physical
and chemical interaction of Resin with conventional
bitumen Resin Modified Bitumen is made. Its
advantages are: Better adhesion between aggregate &
binder, higher fatigue life of mixes, Prevention of
cracking & reflective cracking, and Overall improved
performance in extreme climatic conditions & under
heavy traffic condition. The use of resin in asphalt
paving is gaining more attention in many parts of the
world as this material gives better mechanical and
functional performance of the mixture as well as
being a proficient way of dealing with this
economical product. Resin modified asphalt is a
general type of modified asphalt that contains Epoxy
resin. Modified asphalt paving products can be made
with resin by wet process. In the wet process resin
modified binders are produced when it is mixed with
bitumen at elevated temperatures prior to mixing
with the aggregate. Binder modification of this type is
due to physical and compositional changes in an
interaction process where the resin particles swell in
the bitumen by absorbing a percentage of the lighter
fraction of the bitumen, to form a viscous gel.
Bituminous binders are widely used by paving

industry.

Bulk specific gravity of aggregate :

Mgagg

II. METHODS AND MATERIAL

It is known from the studies that the degree of
modification depends on the bitumen type and
modifier type. Various studies have been done in the
field of resin modification and there are several
explanations for the need of using modifier in
bitumen binder industry. The bitumen is available in
a variety types and grades. To judge the suitability of
these binders various physical tests conducted such as
penetration test, ductility test, softening point test,
specific gravity test, viscosity test , RTFO test, flash
and fire point test. There are various reasons for using
bitumen modifier in bitumen industry started with
increase the service life of the pavement, improve the
pavement performance, meet the heavy traffic
demands, and finally saving the cost of maintenance.
Marshall method of bituminous mix design is used in
this study because it analyses mechanical properties
such as strength and flow and volumetric properties
of mix such as unit weight, air voids (VA), voids filled
with bitumen (VFB) and voids in mineral aggregates
(VMA).

Mix Calculations

Marshall Stability and flow values are obtained from
the Marshall Stability test and the mix calculations
such as VMA, VA and VFB are calculated by using
formulae. The formulae used in the mix design are

given below.

Gsp =

Theoretical maximum specific gravity of the mix:
Minix
volume of the (mix—air voids)

Grm =

Bulk specific gravity of the mix:
Mmix
bulk volume of the mix

Gmp =

~ volume of the (agg.mass+air void in agg.+absorbed bitumen)
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Voids in mineral aggregates:

VMA = (1 - (GGm:) x PS) X 100 . e, (4)
Air Voids:
va=(1- ((‘Jfﬁ) X P) X100 oo )

Voids Filled with Bitumen

VMA-VA
VFB =( Lo )x 100 e (6)

III. RESULTS AND DISCUSSION

Many properties of modified mix with Epoxy resin such as Marshall Properties, Tensile Strength
characteristics, Resilience Modulus, Boiling test, Retained Stability, Wheel tracking and cost-benefit
analysis have been studied in this dissertation. Only VG30 grade and Epoxy resin additives has been used in
this dissertation. However, some of the properties such as dynamic creep properties, Indirect fatigue test
can be further be investigated. Some other type of materials such as polythene, natural rubber, Nano
materials etc. can be used and other binders can also be tried in mixes and compared. Moreover, to ensure
the success of this new material, experimental stretches may be constructed and periodic performances

should be monitored regularly.
Various experiments have been evaluated to know the change that occurred in bitumen when Epoxy Resin
is added to bitumen. The specific gravity of the Epoxy resin varies from 1.50 to 1.75 (depending on the type

of production). The property of Epoxy resin shown in below the table.

Table 1. Properties of Epoxy resin

Property Epoxy resin
Viscosity at 25°C 12000-13000
Density (g.cm™) 1.16
Modulus of elasticity E (GPa) 5.0

Specific Gravity 1.75

It has been reported that a valuable changes occur in bitumen’s properties like specific gravity, penetration,
penetration index, softening point, viscosity and ductility when Epoxy resin is added to bitumen in 5%,
6%, 7%, 8%, 9% and 10% by weight of bitumen. The variation in bitumen properties with the addition of
Epoxy Resin.
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Marshall Properties of Unmodified Bitumen

Marshall Parameters of ERMB-0% are graphically represented from Fig.1 to 6 as below.
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Marshall Properties of ERMB-7%

Marshall Parameters of ERMB-7% are graphically represented from Fig.7 to 12 as below.
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Rheological test on unmodified and modified bitumen
with different epoxy resin content are conducted.
Rheological test such as penetration, softening point,
ductility, specific gravity and viscosity tests are
conducted for modified and unmodified bitumen.
Adding various percentages of Epoxy resin have
positive effect on the Rheological properties of

bitumen.

IV.CONCLUSION

From the study of the behavior of unmodified and
modified bitumen with Epoxy resin it was found
the

characteristics over unmodified mix. Some of them

that modifier mix process improved

are listed below.

e Epoxy resin improves the physical as well as
rheological behavior of binder.

e From the trends of penetration, softening point
and penetration index shows that Epoxy resin
modified bitumen results in improved the
stiffness at lower and higher temperature. Due to
the resin modified bitumen also reduces the
susceptibility to temperature

e Epoxy resin modification of bitumen results in
increased stiffness at lower as well as higher
temperature. Temperature susceptibility of
binders also gets reduced due to Epoxy resin
modification.

e In the results of two RTFO procedures, lower
level of aging is clearly observed at a temperature
(135°C).

e It is observed that the Marshall Stability value
increases with addition of Epoxy resin content to
the bitumen up to 7% by weight of bitumen and
then it decreases. We observer that the Marshall
Flow value decreases upon addition of Epoxy
resin ie. deformations can be reduced. Due to
the modification of bitumen with Epoxy resin
the resistance to deformations under heavy

wheel loads increases. Also the values of VMA,

VFB and VA are within the required
specification.
Epoxy resin modified mixes have better

resistance to thermal cracking and moisture
susceptibility.

Epoxy resin modified mixes are economically
feasible to implement.

On the

mechanical and volumetric parameter ERMB 7%

basis of bitumen optimization,
shows the best performance while UMB is
showing as least performing mix.

Addition of Epoxy resin to bitumen increases the
retained stability.

The resilience modulus value is increased due to
addition of epoxy resin to bitumen.

The moisture susceptibility has been increased by
the addition of epoxy resin to the bitumen.

Due to addition of epoxy resin to bitumen the
cost of wearing course gets decreased. The reason
behind the cost reduction is mainly due to the

bitumen optimization.
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