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Abstract

This paper aims to study the rheological properties of the binder taken from four years old flexible pavement stretch. The stretch was
divided into six different sections based on the thickness of the surface course. Originally, 60/70 grade asphalt binder was used
throughout the pavement stretch. The binder was obtained from the process of extraction and recovery. Dynamic shear rheometer
(DSR) test was conducted on the recovered asphalt binder to determine the various parameters viz., Complex modulus G, Elastic and
viscous modulus, Complex viscosity and the phase angle 6. The major pavement distress modes namely, rutting and fatigue cracking
were addressed by these output parameters of DSR. Rutting is caused by permanent deformation of paving mix while fatigue isrelated
to the energy absorbed during repeated load application to pavement. The test results indicated that the 60/70 binder extracted from
the selected stretches were stiff enough to resist rutting and fatigue failure.
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1. INTRODUCTION

Rheology is a very powerful tool for characterizimgpd

quantifying material properties. It has been wellablished

that the rheological properties of asphalt bindiects the

pavement performance. Since the rheological prigsemf

asphalt change during production and continue tangh

subsequently in service, there is necessity to ysttite

phenomenon of ageing. The first significant hardgnbf

asphalt takes place in pug mill or drum mix plahiene heated
aggregate is mixed with hot asphalt cement. Subatan
rheological changes such as decrease in penetratich
increase in viscosity of asphalt binder takes ptaagéng short

mixing period from both air oxidation and loss ofoma

volatile components. Age hardening of asphalt cwes,

although at much slower rate, while the HMA is mssed

through a surge or storage silo, transported tq#wing site,

laid, and compacted. After the HMA pavement hademband

been opened to traffic, age hardening continuesaat
significantly slower rate for first two to threears until the

pavement approaches its limiting density under fitraf
Thereafter the rate of age hardening is furthemuced at

longer time periods are needed to decide to changéise

rheological properties of asphalt cement.

Rutting resistance depends mainly on aggregateepiiep and
mix design although binder characteristics are @orsgary
factor. The behavior is characterized in the SUPERP

specification by the complex shear modulus measusgag
dynamic shear rheometer (DSR). G*/Sénis the rutting
resistance parameter, while G* Siris the fatigue resistance
parameter, according to SUPERPAVE specifications.

1.1 Objectives of Present Paper

1) To select the flexible pavement stretches for dspha
binder extraction.

2) To evaluate the change in basic binder propertg lik
softening point.

3) To evaluate the visco-elastic behavior of extraatedt
bitumen of grade 60/70 by direct shear rheomesgr te

4) To determine the rutting and fatigue resistanceioéer
under existing pavement conditions.

2. LITERATURE REVIEW

Conventional Bituminous materials have tended tdope
satisfactorily in most highway pavement and aidielinway
applications. With conventional methods such asepation,
viscosity, ductility and ring and ball softeningipomay still
adequately describe the rheological characteristifs
conventional bitumen, they have limited ability aocurately
predict the relative performance of modified matisri
Currently, dynamic shear rheometer is identified gowerful
tool to study the rheological characteristics.
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Cho proposed a new experimental method called rdima
shear rheometer. This method was used to measphalas
aggregate interfacial properties. A degree of moistlamage

CSS-1, EE, and HFMS-2P. The air-cured samples ageel
in the pressure aging vessel. The residues wetedtesing
the bending beam rheometer at low temperatures thed

relating to the interfacial properties was thenmifi@d using
linear viscoelastic concepts to propose a meaningfu
parameter, called wet to dry yield shear stress. ]

dynamic shear rheometer at high and intermediate
temperatures. The methods described in AASHTO Maad
MP1la specifications were used to determine critical

Apeagyei et al., adopted the use of higher recyelgghalt
pavement (RAP) percentages with locally availakiledérs.
The results indicated that measured binder stiffrafshigh-
RAP mixtures were not significantly affected by RARount.
The correlation between binder stiffness and flaunher for
the selected high-RAP mixtures considered was gdde
study concluded that the addition of higher amooffRAP to
asphalt concrete mixtures did not result in excedgi
stiffened mixture. [2]

A study was conducted to estimate E values of tararnonly

used hot mix asphalt (HMA) mixes. They observedt tha

rotational viscometer (RV) test data overestimhteE values
in the case of stiff binders. Conversely, dynamlweas
rheometer (DSR) test data predict significantlyéoi values

of asphalt mixes. The study provided transportation

professionals with a better understanding of mailtariput
parameters that influence E values of asphalt nji3es

Badawy et al., investigated two models for Levelnd 3 hot-
mix asphalt (HMA) dynamic modulus (E) predictionsing
dynamic shear rheometer. The two models were NCHRP
37A and NCHRP 1-40D. The primary difference betwten
two is the binder stiffness parameter; viscosity strear
modulus. The influence of the binder characterzatinput
level on the performance of the predictive modelasw
evaluated. [4]

The viscoelastic behavior of asphalt mixtures caa b

conveniently presented in the form of a stiffnesstar curve

in various engineering applications. Kalapi G. Bis{2007)

described and compared the methods for construespgalt

mixture master curves utilizing stiffness predietigquations
for asphalt binders and mixtures, in addition toings
laboratory measurements, as an alternative to FVEDK b
calculation analysis. [5]

An effort to characterize asphalt emulsions that tgpically
used in cold in-place recycling applications foplzalt binders
was done. Four asphalt emulsions were investig&i&$-2P,

temperatures for four asphalt emulsions and masteres of
absolute value of the complex modulus G* were olg@ito
investigate rheological behavior of the residuék. [

With increasing use of modified asphalt binderg torrect
compaction temperature range for asphalt mixtuoegaining
these binders needs to be determined. Howevercuhent
procedure often provides unacceptably high temperatfor
modified binders. In one of the studies, the sipeaperties of
the mixture compacted at four temperatures wasuated.
These properties improved to some extent with arease in
temperature, except for strain-controlled fatiguamdge.
Finally, it was concluded that the changes in thess stiffness
of the asphalt binder was one of the responsilgtofa for the
changes in mixture shear properties. [7]

Tan Yi-Qiu et al., investigated the interactionstween
granites and asphalts based on rheology. The rhiealo
properties of asphalt mastics using different deapiowders
and different filler-asphalt ratios were measuresing a
dynamic shear rheometer. Statistically significaelations
between the rheological properties of the grarsgghalt
mastics and the moisture stability of granite-aftpimxtures
were found. For practical application, the selattoiteria for
selecting granite aggregates for use in roads weveloped.

(8]
3. METHODOLOGY

The study stretch selected was From Sirsi circl@¥Yocollege
of Engineering along Bangalore — Mysore State Higyw/7.
The stretch is a four lane divided highway schedidte up
gradation to six lanes. The pavement compositiamalthe
arterial road stretch included of surface, base suigtbase
course upon sub grade. The existing flexible pavenseust
thickness and compositions were noted along thdwag at
shoulder level. Based on the composition and tl@skrof the
individual layers, the stretch was divided into sections and
the details are as given in Table 1. As per BBMébras the
age of pavement varied between 3 to 4 years.

Table 1: Section number and composition for the study easti

Section
number

Section Details

R.V. College of
Bangalore University

Engineering tpC1

BC+DBM=200mm, Base=200mm,

Sub-BaS8nm

Bangalore University to Gopalan C2

BC+DBM=150mms&a200mm,

Sub-Base=200mm
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Arcade

Gopalan Arcade to Pipeline Road C3 BC+DBM=100mngeB200mm, Sub-Base=200mm
Deepanjali Nagar to Satellite BusC4 BC+DBM=150mm, Base=200mm, Sub-Basenrti0
Station

Satellite Bus Station to Gopalan Mall C5 BC+DBM=8@nBase=200mm, Sub-Base=100mm
Gopalan Mall to Sirsi Circle C6 BC+DBM=80mm, Bas@&8tnm, Sub-Base=120mm

The original asphalt binder used for constructioasvé0/70
grade. The details of the basic properties of dlsjghalt binder
are as shown in Table 2.

Table 2: Basic properties of original asphalt binder

Basic tests Result Limit as per IS-73-1961 & 2006
Penetration test @ 25°C, 0.1 mm, 1085 60-70
g, 5 secs
Specific gravity @ 25°C, mm 0.982 0.99
Water % by mass (max) 0.207 0.20
Softening point 44 40-55
e = 5
i?rl}ublllty in tri-chloroethylene % 98.30 99

RAP samples were obtained from these sections. Bamp
were taken from the test pits dug to a depth etqutilickness
of the surface layer. Samples were then subjectedttaction
process using Centrifugal extractor to separateldvirfrom
aggregates.

3.1 Extraction Process

Extraction of asphalt cement for rheological tegtiwmas done
as per IRC SP 11-1998. The paving mixture was tepgga
washed and filtered with solvents in the centrifugetractor
apparatus. A known weight of sample was weighedpdackd
in the bowl
commercial grade of benzene. Sufficient time wésaadd for
the solvent to disintegrate the sample before ngrthe
centrifuge. The cover of the bowl was clamped tighA
beaker was placed under to collect the extract. Mhaehine
was revolved slowly and then gradually at a spefe8600
revolutions per minute. The speed was maintainkdthe
solvent ceases to flow from the drain. The machives

of extractor apparatus and covered with

allowed to stop and 200ml of benzene was addedthad
above procedure was repeated.

3.2 Recovery Process

Recovery of asphalt cement was done by Abson metiiod
distillation as per ASTM D1856. This method covéhe
recovery by the Abson method of asphalt from atgoiurom
a previously conducted extraction. The asphalt reasvered
with properties substantially the same as thopessessed in
the bituminous mixture and in quantities sufficiémt further
testing. In this process the solvent of benzeneb@mden was
heated at 135°C until all the benzene vaporizes getd
collected in a beaker passing through the condersghalt
cement was left out as a residue in the round botiask
placed in a heating mantle. Similarly asphalt censamples
of all the six sections were obtained.

Softening point test was conducted on reclaimedidsirand
the results are as presented in Table 3.

Table 3: Softening point test results

Section Softening point on(°C) :
Reclaimed binder Original binder Specification

C1 48

Cc2 47

C3 a7

ca 18 44 40-55

C5 46

C6 a7
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The average value of softening point was foundetd B°C.

3.3 Dynamic Shear Rheometer

To study the rheological properties of these asptetnent

Where:
v = shear strain in percent
G* = complex modulus in kPa

4 6. Sress-Controlled Mode: When operating in a stress-
samples, dynamic shear rheometer test was condutted controlled mode, determine the stress level acogrdi
pavement service temperature as per IRC 53-2010. to the value of the complex modulus. Control the

) i stress within 20% of the target value calculated by
Preparing Test Specimens:- The surfaces of the plases equation below:
were carefully cleaned and dried so that the spetiadheres 1= 0.12G%) °7 2)(
to both plates uniformly and strongly. The chamibdsrought
to approximately 45°C so that the plates are pitelearior to Where:
the mounting of the test specimen. This will prev&lfficient © = shear stress in kPa
heat so that the asphalt binder may be squeezeteéetthe 7. Software is available with the dynamic shear
plates for trimming and to ensure that.the aspbaider rheometer that will control the stress level
adheres to the plates. The test procedure is lasviol automatically without control by the operator.

1. Bring the specimen to the test temperature + 0.1°C. 8. When the temperature has equilibratezhdition the

2. Set the temperature controller to the desired test specimen by applying the required strain for 10
temperature, including any difference as required. cycles at a frequency of 10 vad
Allow the temperature to come to the desired 9. Obtain test measurements by recording data for an
temperature. additional 10 cycles.

3. The test shall be started only after the tempesatur 10. The data acquisition system automatically acquires
has remained at the desired temperature +@©.for and reduces the data when properly activated.
at least 10 minutes.

4. After temperature equilibration, anneal the specime 4. ANALYSIS OF RESULTS
for 5 minutes. '

5. Srain Control Mode--When operating in a strain To determine the rheological parameters for sefiesteetch of
controlled mode, determine the strain value acogrdi flexible pavement, dynamic shear rheometer test was
to the value of the complex modulus. Control the  conducted on the reclaimed binder samples, testtsegre as
strain within 20 % of the target value calculated b presented in Table 4. The test was conducted ustless
equation given below: controlled mode (constant stresgPa): 2.45e+03) at a

frequency of 10 rad/s. and at a constant temperati46°C.
y=12.0 (G¥) %% (1)
Table 4: Test results of dynamic shear rheometer
Secti lasti . e .
on Phase Complex Elastic Viscous c_ompl_ex Strain G /5|_n ) G sin )
num angle modulus G*| modulus modulus viscosity v (Rutting (Fatigue
ber 8(°) (Pa) G'(Pa) G"(Pa) 1* (Pas) parameter) | parameter)
kPa kPa
C1 52.54 31.98e+04 19.5e+04 25.4e+04 31.9e+03 2|25 402.90 253.80
Cc2 58.51 9.767e+04 5.10e+04 8.33e+04 9.74e+03 26503 114.53 83.22
C3 55.86 22.13e+04 12.4e+04 18.3e+04 22.1e+03 é-095 267.32 182.91
C4 77.35 3.116e+04 6.83e+03 3.04e+04 3.11e+03 9308 31.936 30.34
C5 62.91 20.79e+04 9.47e+04 18.52e+04 20.74e+03 766-02 233.60 185.09
C6 70.59 8.276e+04 2.75e+04 7.81e+04 8.25e+03 2-034 87.748 77.99
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The Relation between G’, G” and G* of all the sixetches
with varying phase angles is as shown in Figure 1.

for an aged asphalt binder shallb2.2 kPa. The range of
rutting parameter values obtained range from 311238
402.9 kPa. Similarly, SUPERPAVE specification for
fatigue parameter (G*si shall be< 5000 kPa. The
/ b1 range obtained is from 30.34 to 253.80 kPa. Thémec
C4 has the least resistance to rutting and fatighide
section C1 has the highest. But, the values forttel
sections are within permissible limits.
The DSR test results indicated that the binderneafeer
3 to 4 years of performance, was stiff enough ®iste
fatigue and rutting failures. The presence of pedcbf
rutting/ fatigue failure could be as a result obgrade
condition, drainage system and traffic load rejuats.

G*5

5)

G*6 k)
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The binder of grade 60/70, reclaimed from seledtexible

pavement stretches was subjected to DSR test. Téie m

findings have been summarized below.

1) From Table 3, the softening point test results datid
that the binder exhibited a small increase in tfeeging

point temperature which indicated that the bindas h
become harder with its age, while it still remaimishin
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