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Abstract: The bituminous concrete mix design aims to govern the percentage of bitumen, filler, fine aggregates, and coarse aggregates
to produce a mix which is workable, sturdy, long-lasting and economical. Bituminous ingredients are widely used for roadway
construction, primarily because of their excellent binding characteristics and water proofing properties and relatively low cost.
Bituminous concrete mix is strong enough to handle vehicle traffic, and is relatively easy to overhaul. Present study focuses on the
design of Bituminous Concrete mix (Grade-11) prepared using Polymer modified binder [PMB-70 (SBS)]. The Marshall method of mix
design was adopted to prepare mix and at optimum bitumen content, Marshall Properties and Indirect Tensile Strength (ITS) test were
conducted on Bituminous Concrete Mix by varying mixing and compaction temperatures. The Indirect Tensile Strength value has been
considerably increased from mixing temperature 140°C to 160°C and as further increase in mixing temperature to 170°C there is a hasty
reduction. The Fatigue test result shows the maximum number of fatigue cycles and higher resilient modulus value at optimum mixing

temperature 160°C and compaction temperature 140°C.
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1. Introduction
1.1 General

Bituminous materials are extensively used for roadway
construction, primarily because of their excellent binding
characteristics and water proofing properties relatively at low
cost. The bituminous mix design aims to determine the
proportion of bitumen, filler, fine aggregates and coarse
aggregates to produce a mix which is workable, strong,
durable and economical. Significant variation in daily and
seasonal temperature of pavement induces early development
of distress conditions (raveling, undulation, rutting, cracking,
bleeding, and potholing) of bituminous pavement. Another
major concern for distress of road surface is overloading of
commercial vehicles and increased traffic density.

Bituminous concrete (BC) mix is a combination of aggregate
and bitumen binder. The aggregate acts as the structural
skeleton of the pavement and the bitumen binder as the glue
of the mixture. As a construction material bituminous
concrete is much more complicated than it appears. It is a
composite material consisting of aggregate of different sizes;
a bitumen binder that is much softer than the aggregate, and
more percentage of air voids. It should also provide a
smoother and comfortable ride than cement surfaces, which
helps to reduce noise pollution around highways and other
busy roads.

1.2 Polymer Modified Bitumen (SBS)

SBS is a styrene-butadiene-styrene made by the co-
polymerization of butadiene and styrene. Butadiene and
styrene block copolymer, to form a styrene (S) - butadiene
(B) - benzene Ethylene (S) of the structure, as thermoplastic

elastomeric. SBS has the advantages of rubber and plastic, at
room temperature with a rubber elastic, like rubber, as high
temperatures can melt flow, a plastic material. SBS formed
within the bitumen, greatly improving the performance of
bitumen. Polymer modified bitumen can increase more
rapidly than unmodified bitumen on cooling and
consequently, influence the required compactive effort and
time available for compaction. . Polymer-modification has
been reported to reduce pavement cracking caused by
thermal stresses and repetitive loads and decrease rutting due
to plastic or inelastic deformations.

1.3 Temperature Characteristics of Binders in
Bituminous Pavement

Binder viscosity varies with temperature and different
binders require different temperatures to achieve the same
handling properties. Polymer modified binders, in particular,
increase in viscosity at a much faster rate on cooling than
normal paving grade bitumen. The binder is heated to enable
it to flow so as to achieve proper coating and “wetting” of
aggregates. It must not be so fluid as to cause binder drain-
down or lead to segregation or inadequate cohesion of the
mix. Overheating or extended mixing times can also cause
hardening of the binder due to oxidation or breakdown of
polymers

The performance of bituminous concrete pavement depends
on the bitumen properties, bituminous concrete mixtures
volumetric properties and external factors such as traffic
volume and environment. Bitumen is a visco-elastic material
where temperature and rate of load application have a great
influence on its behaviour. Bitumen is exposed to a wide
range of loading and weather conditions; it is soft in a hot
environment and brittle in cold weather. Higher traffic
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volume produces high stress within pavement layer, these
distresses reduce the service life of the pavement and
increase the maintenance cost.

The key objective is to analyse the experimental test results
obtained from Marshall Stability Test, Indirect Tensile
Strength Test and Indirect Tensile Fatigue Test on Polymer
Modified Bituminous Concrete Mix. For this study the
aggregate gradation (Grading-2) for Bituminous Concrete
Mix as recommended by MoORT&H specifications and
Polymer Modified Bitumen PMB-70(SBS) is selected.
Bituminous Concrete Mix design was carried out as per
Marshall Method of mix design to satisfy the requirements as
per IRC SP: 53-2002 specifications. Cylindrical specimens
of Bituminous Concrete Mix prepared using Polymer
Modified Bitumen by varying mixing and compaction
temperatures. These specimens were subjected to Marshall
Stability Test and Indirect Tensile Strength Test and the test
results were analysed. Indirect Tensile Fatigue Test was
conducted at 25°C keeping constant mixing temperature,
varying compaction temperature and stress level.

1.4 Need for the study

The fatigue cracking caused by traffic on the bituminous
layer is a very common occurrence and must be given a
careful consideration in pavement design and selection of
materials to prevent premature cracking of bituminous
pavements. In this regard different types of additives are
added to bitumen to improve its thermo mechanical
properties which can offer high resistance to fatigue cracking
and permanent deformation in bituminous layers. Therefore
there is a need to carryout studies to evaluate the
performance of the bituminous mixes with modified binders
and to obtain information on the long term benefits over
conventional binders.

1.5 Objectives

e To assess the physical properties of aggregate and bitumen
as per the MoRT&H and IRC SP: 52-2002 requirements.

e To determine the optimum bitumen content of the
bituminous mix and Marshall Properties of Bituminous
concrete  Mix by varying mixing and compaction
temperatures

e To evaluate Indirect Tensile Strength Test on Bituminous
Concrete Mix prepared using Polymer Modified Bitumen
at optimum bitumen content by varying mixing and
compaction temperatures.

e To conduct Indirect Tensile Fatigue Test on Bituminous
Concrete Mix prepared using Polymer Modified Bitumen
at 25°C keeping constant compaction temperature and
varying mixing temperature and stress level

1.6 Methodology

e Selection of the aggregate and bitumen

e Selection of aggregate gradation

e Determination of Optimum bitumen content

e Evaluation of Marshall properties by varying mixing and
compaction temperatures

e Indirect tensile strength test on mix at different mixing and
compaction temperature

e Fatigue test on optimum mixing temperature attained by
varying compaction temperature and stress level

e Analysis and Results

e Conclusions.

e Recommendations.

2. Experimental Investigation

In the present study the aggregate gradation Grading-2
adopted for Bituminous Concrete as per Table 500-18
recommended by MORT&H (IV" Revision) specifications.
Basic Engineering tests on aggregates and binder were
conducted in the laboratory to assess their properties.

Marshall Method of mix design was adopted to carryout mix
design for Bituminous Concrete Mix prepared using Polymer
Modified Bitumen. Marshall Stability and Indirect Tensile
Strength tests were conducted on Bituminous Concrete Mix
prepared using Polymer Modified Bitumen by varying
mixing and compaction temperatures. For the selected
mixing and compaction temperatures Indirect Tensile
Fatigue test was conducted at 25°C by varying stress level.

2.1 Constituents of a Mix
2.1.1 Aggregates:

Aggregates offer good compressive and shear strength; along
with this they provide good interlocking facility with
sufficient permeability. Aggregate mainly consisting of both
coarse and fine aggregates. Coarse aggregate of 19 mm to
2.36 mm and fine aggregates of 2.36 mm to 75 1 were used.
The test results are presented in table 1.

Table 1: Physical Properties of Aggregates

Description of Test Requt:{ements as ;;er
Aggregate Tests Results Table 500'1.7. ot
MoRT&H Specifications
Aggregate Impact 18.94 Max 24%
value (%)
Flakiness and
Elongation Index 28.97 Max 30%
(Combined) (%)
Los Angeles Abrasion 19.44 Max 30%
value (%)
Water Absorption (%) 0.5 Max 2%
2.1.2 Binder:

Bitumen is a binding agent. At normal temperature they are
in the form of semi-solid, it is heated until liquefied before
blending it with the aggregates. In this study Polymer
Modified Bitumen PMB-70(SBS) is used as binder. All the
basic fundamental test and also the thin film oven test were
carried out at specified temperature (153°C) on the bitumen
sample as per the requirement. The test results were
satisfying the requirements as per IRC-SP 53 2002. The
results are presented in table 2.

Table 2: Test Results of Polymer Modified Bitumen PMB-
70(SBS) and Requirements
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Penetration at 25°C, 100gm,

5 Seconds, 0.1mm 68.67 50-90
SOﬂe”'”gaFl’l‘)"”ltC(R'”g & 58.5 Minimum 55
Ductility at 27°C 100+ Minimum 60
Flash point, COC, °C 252 Minimum 220
Elastic Recovery of Half
Thread in Ductilometer at 78 Minimum 75
15°C, %
Separation, Difference in
Softening point (Ring & 2 Maximum 3
Ball), °C
Viscosity at 150°C, Poise 3.59 2-6

Thin Film Oven Test ( TFOT ) on Residue

Loss in mass, % 0.64 Maximum 1

Increase in Softening point

(Ring & Ball), °C 4 Maximum 6

Reduction in Penetration of
Residue
at 25°C, %

23.29 Maximum 35

Elastic Recovery of Half

Thread in Ductilometer at 60 Minimum 50

25°C, %

2.1.3 Specific Gravity
The specific gravity values of coarse and fine aggregate,
mineral filler, Polymer Modified bitumen PMB-70(SBS) are
presented in the table 3.

Table 3: Specific Gravity of Materials

Description of materials Specific Gravity
Coarse aggregate 2.67
Fine aggregate 2.72
Mineral filler (cement) 3.12
Polymer Modified Bitumen 1.02
PMB-70(SBS) )

2.1.4 Aggregate Gradation

The aggregate gradation (Grading-2) was adopted for
bituminous concrete mix as per MoRT&H (IV revision)
specifications presented in table 4.

Table 4: Aggregate Gradation for Bituminous Concrete Mix
(Grading-2) as per MoRT&H Specification

. . % Passin % Passin
IS Sieve Size, mm (Specifiec?) (Mid Limi%
19 100 100
13.2 79-100 89.5
9.5 70-88 79
4.75 53-71 62
2.36 42-58 50
1.18 34-48 41
0.6 26-38 32
0.3 18-28 23
0.15 20-12 16
0.075 10-4 7

2.2 Procedure for Mix Design

e Select aggregate grading.
e Determine the proportion of each aggregate size required
to produce the design grading.

e Determine the specific gravity of the aggregate, mineral
filler and bitumen.

e Prepare the trial specimens with varying bitumen contents.

e Determine the specific gravity of each compacted
specimen.

e Perform stability tests on the specimens.

e Calculate the percentage of voids, and percent voids filled
with Bitumen in each specimen.

e Select the optimum binder content from the data obtained.

e Evaluate the design with the design requirements.

2.2.1 Marshall Method of Mix Design

Marshall Stability test of a mix is defined as maximum load
carried by a compacted specimen at a standard test
temperature of 60 degree Celsius. The flow value is the
deformation of specimen that under goes during the loading
up to the maximum load in 0.25 mm units. The Marshall
Stability test is applicable for hot mix design using bitumen
and aggregates with maximum size of 25mm. Marshall
Stability test setup is shown in figure 1. In this method, the
resistance to plastic deformation of cylindrical specimen of
bituminous mixture is measurement when the same is
loaded.

There are two major features of Marshall Stability method of
designing mixes are:

>Density Voids Analysis
>Stability Flow Test.

Load Measuring
Proving Ring

0

C

10mm

>

E

N\ Deformation Measurng
( Dial Guage (Flow meter)

v B

Figure 1: Marshall Test Apparatus
2.3 Indirect Tensile Strength Test

The Indirect Tensile Test is performed by loading a
cylindrical specimen with a single or repeated compressive
load, which acts parallel to and along the vertical diametric
plane. This loading configuration develops a relatively
uniform tensile stress perpendicular to the direction of the
applied load and along the vertical diametric plane, which
ultimately causes the specimen to fail by splitting along the

Volume 7 Issue 6, June 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20183623

DOI: 10.21275/ART20183623

1651


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296

vertical diameter. The Indirect Tensile Test is one of the
most popular tests used for hot bituminous mixture
characterization in evaluating pavement structures. Indirect
Tensile test setup is shown in figure 2.

[Loading Strip

Failure Plane

-Vertical Load

Figure 2: Indirect Tensile Strength Test
2.4 Indirect Tensile Fatigue Test

Indirect Tensile Fatigue Test was conducted at 25°C
temperature to study the effect of mixing and compaction
temperature on the fatigue behaviour of Bituminous
Concrete Mix prepared using Polymer Modified Bitumen, by
varying stress levels at 10%, 20%, 30% and 40%. The stress
levels were fixed based on the Indirect Tensile Strength
Tests conducted on cylindrical specimens of Bituminous
Concrete Mix. Indirect Tensile Fatigue test setup is shown in
figure 3.

—

Figure 3: Indirect Tensile Fatigue Test

The equipment was designed and developed at Centre for
Transportation Engineering; Bangalore University was used
to carry out the Indirect Tensile Fatigue Tests. A
thermostatically controlled unit was used to regulate the
temperature during the test. A load cell is provided for
applying the required magnitude of load applied parallel to
and along the vertical diametrical plane of the Marshall
specimen controlled by a servo valve operated by a
computer. The samples were mixed and prepared at
optimum mixing and compaction temperature i.e. the higher
Indirect tensile strength obtained among all the variation of
temperatures and subjected to fatigue life cycles The data
provided by the software in an excel format was analysed to
determine Resilient Modulus, Applied Stress, and Initial
Tensile Strain,

3. Analysis of Data
3.1 Determination of Optimum Bitumen Content

The optimum bitumen content for mix is determined by
taking the average values of three bitumen content
corresponding to Maximum Stability, Maximum Bulk
Density and 4% Air Voids in Total Mix. The Optimum
Bitumen Content (OBC) for mix obtained was 5.63 %. The
various Marshall Properties of Bituminous Concrete Mix
prepared using Polymer Modified Bitumen at Optimum
Bitumen Content was evaluated and the result has been
tabulated in table 5 below.

Table 5: Marshall Properties of BC Mix at OBC
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No. Results
2002
Optimum Bitumen
! Content, % 563 1
2 Marshall Stability, kgs | 1776.83 1200
3 Marshall Flow, mm 3.60 2.5-4.0%
4 Marshall Quotient, 493.56 250-500
kg/mm
5 Air voids(Vv), % 4.43 3.0-5.0%
6 Bulk density, g/cc 238 | -
Voids in Mineral
! Aggregates (VMA), % haa
Voids filled with
8 | Bitumen(vFB),% | 48 |
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3.2 Marshall Properties of BC Mix Prepared by
Varying Mixing and Compaction Temperatures

Marshall Stability test were conducted on specimens
prepared using Polymer Modified Bitumen by varying
mixing temperature (140°C, 150°C, 160°C, 170°C and
180°C) and compaction temperature (90°C, 100°C, 110°C,
120°C, 130°C and 140°C).The comparison of Marshall
Properties V/S Compaction Temperature of Bituminous
Concrete Mix prepared using Polymer Modified Bitumen for
Mixing Temperature 140°C, 150°C, 160°C, 170°C and
180°C are shown in figures below.

Stability v/s Compaction temperature

1800

1700

1600 140
& 1500 150
oo 1400 160
é 1300 170
g 1200 «180
w

1100
1000
900
800

80 90 100 110 120 130 140 150
Compaction temperature, °c

Figure 4: Comparison of Marshall Stability V/S Compaction
Temperature

Flow v/s Compaction temperature
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Figure 5: Comparison of Flow V/S Compaction
Temperature

Bulk density v/s Compaction temperature
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Figure 6: Comparison of Bulk Density V/S Compaction
Temperature

Air voids v/s Compaction temperature
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Figure 7: Comparison of Air voids V/S Compaction
Temperature

Voids Filled With Bitumen v/s Compaction
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Figure 8: Comparison of Voids Filled With Bitumen (VFB)
VIS Compaction Temperature
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Voids in Mineral Aggregate v/s Compaction

temperature
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Figure 9: Comparison of Voids in Mineral Aggregate (Vma)
V/S Compaction Temperature

3.3 Indirect Tensile Strength

Indirect Tensile Strength test was conducted on specimens
prepared using Polymer Modified Bitumen by varying
mixing temperature (140°C, 150°C, 160°C and 170°C) and
compaction temperature (90°C, 100°C, 110°C, 120°C, 130°C
and 140°C). The trends are presented in the figure 10.

Indirect Tensile Strength v/s Compaction Temperature

[} 12
[ £ 140
[ 150
| E- 1.0 - 160
| é 09 170
| 2
| § 0.8
[§ 07
i 2 0.6

0.5

80 S0 100 110 120 130 140 150

Compaction Temperature, o C

. Figure 10: Comparison of Indirect Tensile Strength v/s '
Compaction Temperature of Bituminous Concrete Mix

3.4 Indirect Tensile Fatigue Tests

Indirect Tensile Fatigue Tests were conducted on cylindrical
specimens of Bituminous Concrete Mix. Indirect Tensile
Fatigue Test was conducted at 25°C test temperature on
Bituminous Concrete Mix prepared using Polymer Modified
Bitumen keeping constant mixing temperature (160°C),
varying compaction temperature (110°C, 120°C, 130°C and
140°C) and stress levels (10%, 20%, 30% and 40%). The
trends in the figures below shows the relation of various
fatigue properties such as resilient modulus etc.

Fatigue Life, No. o?cycles

Fatigue Life, No. of cycles
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Figure 11: Fatigue Life v/s Stress Level of Bituminous

Concrete Mix
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Flgure 12: Fatlgue Life v/s Tensile Stress of Bituminous
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Figure 13: Fatigue Life v/s Resilient Modulus of

Bituminous Concrete Mix
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Fatigue Life v/s Initial Tensile strain
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Figure 14: Fatigue Life v/s Initial Tensile Strain of
Bituminous Concrete Mix

4. Conclusions

e The physical properties of aggregate and bitumen were
satisfying the requirements and the Optimum Bitumen
Content obtained for Polymer Modified Bituminous
concrete mix is 5.63%.

e It was seen that there is a considerable increase in the
Marshall ~Stability as the mixing and compaction
temperature increases and substantial reduction in the
Marshall Stability with further increase in the mixing
temperature.

e There is considerable increase in the Indirect Tensile
Strength as the mixing and compaction temperature
increases and substantial reduction in the Indirect Tensile
Strength with further increase in the mixing and
compaction temperature

e Fatigue Life, Tensile stress and Resilient Modulus of
Bituminous Concrete Mix prepared using Polymer
Modified Bitumen increases from as the compaction
temperature increases and whereas Initial Tensile Strain
decreases as the compaction temperature increases

Based on the experimental work and analysis carried out in
the present study, an ideal mixing temperature of 160°C and
compaction temperature of 140°C is suggested for the
preparation of Bituminous Concrete Mix prepared using
Polymer Modified Bitumen.
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