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ABSTRACT

Under vehicular loading, stresses are induced in flexible pavement. This induced
stress results in strain in individual pavement layers. If the applied stress is
within linear viscoelastic limits, then complete recovery of induced strain takes
place. With increase in magnitude of loading and/or number of repetitions,
this recoverable property of pavement material decreases and can lead to some
permanent strain. The accumulation of this permanent strain from all pavement
layers results in surface deformation. This is commonly referred to as rutting.
Rutting causes the distortion and loss of surface smoothness as well as reduction
in the load carrying capacity of the pavement. The overall objective of this
study was to understand some issues related to asphalt concrete (AC) behavior
with reference to rutting through a combination of laboratory investigation
and analytical approach. Specifically this thesis addressed issues related to
(1) degradation of aggregate during impact compaction, (2) interrelationship
between binder and mixture properties related to rutting, and (3) development

of probabilistic framework for rutting test results at laboratory scale.

In this research, five distinct aggregate blends were evaluated. This
includes (i) two aggregate gradation as per Indian specification, (ii) two aggre-
gate gradation as per Bailey mixture design approach and (iii) one gap-graded
aggregate gradation specific to stone mastic asphalt (SMA) mixture. Further,
one unmodified binder and two modified binders (polymer modified and crumb
rubber modified) were used in this study. Using these aggregate blends and

binders, nine asphalt concrete mixtures were designed and evaluated.

In order to deliver best mechanical performance, loose AC mixture is
required to be compacted to optimal condition. The compaction process im-
proves the material density by changing the aggregate skeleton while reducing
the air voids. During the compaction process, some aggregate particles break-
down due to (1) the impact loading and (2) abrasion. This disintegration will

affect the final aggregate gradation and consequent volumetric properties of
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AC mixture. Among all compaction methods, impact method of compaction
(used with Marshall mix design) is more susceptible to this type of aggregate
degradation. In this study, the effect of compaction on aggregate degradation
and consequent volumetrics using Marshall compactor is studied. In total,
nine different mixtures were designed using Marshall mixture design method.
The designed mixtures were compacted to produce Marshall specimens (4 inch
and 6 inch diameter) at four different levels of compaction using standard and
modified Marshall compactor. The aggregates from the compacted specimen
were recovered and regraded to examine the changes in aggregate gradation.
The results indicate that the aggregate degradation is a systemic process. The
results indicate that the compaction level, aggregate type, and size of specimen
significantly affect the degradation of aggregates. The study also shows that the
aggregate degradation affects the VMA of the mixtures significantly. Several
empirical parameters relating aggregate degradation with associated variables

are proposed in this research.

The complex modulus (|G*|) and phase angle (§) for all asphalt binder
were measured over the range of temperature under unaged and short termed
aged conditions. Various rutting parameters (at binder level) were estimated
using these measurements. As expected, |G*|/sind values decreased with
increase in temperature for all binders under aged and unaged condition.
However, the rate of decrease in |G*|/sind with temperature for modified
binders was less as compared to unmodified binder under both aging conditions.
This indicates that polymer modification reduced the temperature susceptibility
of the binder. The complex viscosity data were fitted with Cross Williamson’s
model to determine low-frequency viscosity. Multiple stress and creep recovery

test was also performed.

The rutting parameter |E*|/siné for different AC mixtures were esti-
mated at various temperature and frequencies. As expected, |E*|/sin ¢ values
decreased with increase in temperature for all mixtures. The mixture containing
modified binder showed higher values of as compared to the mixture prepared

with unmodified binder. This indicates that the modification of the asphalt
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binder improves the rut resistance of AC mixtures. The mixtures with 19.0 mm
nominal maximum particle size (NMPS) showed the higher value of |E*|/sin d
as compared to mixtures prepared with 13.2 mm NMPS aggregates. This indi-
cates that aggregate gradation with higher NMPS exhibits better performance
under rutting. Wheel rut tests were also conducted on these mixtures (using
different specimen geometries) using Flat Wheel Loaded Test (FWLT). Flow

number test and modified flow number test was also conducted.

The correlation among various binder and mixture rutting parameters
were evaluated. MSCR test parameters showed better correlation with mixture
rutting resistance. The rut resistance trends obtained from FWLT and flow
number tests were similar to |E*|/sin d values obtained with different mixtures.
The modified flow number test showed better correlation as compared to
traditional flow number test. The Dynamic Stability (DS) and rut depth at
10000 passes showed very good correlation. Hence DS can be used as the rut
susceptibility indicator for asphalt mixture. This in turn can reduce the testing

time involved with wheel rut test.

Three different specimen geometries were used in FWLT to determine
the rutting propensity of different mixtures. The DS observed using 4-inch
specimens was higher when compared to 6 inch and slab specimens. Also, the
DS obtained using the slab was higher than the 6-inch specimen. In order to
examine the effect of the specimen geometry on the rut measurement, Pearson
correlation analysis was carried out. The highest correlation was found between
slab & 4-inch specimen, followed by 6-inch & 4-inch geometry. Further, least
correlation was found between 6-inch & slab specimen. Specimen geometry
at 4000 passes, the correlation between 4 inch & slab specimens were found
significant. The rut depth observed with slab specimen was higher as compared
to the rut depth observed in case of 4-inch specimen. Also, the measured
rut depth was higher in case of 6-inch specimen as compared to the 4-inch

specimen.

Even under extremely controlled laboratory conditions, the plot of rut
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depth against the number of passes shows significant scatter. This scatter
can be attributed to variation in constituent materials, specimen fabrication,
aggregate skeleton, and testing practices. A novel probabilistic approach to
characterize the scatter found in rutting test results has been proposed in
this study. For this purpose, several slabs of asphalt concrete mixtures were
tested for rutting susceptibility using wheel tracking device. Initially, wheel
rut test data from each slab was fitted with Francken model and power law
model to smoothen the data. The smoothened data was further used to predict
(i) rut depth, or (ii) number of passes at prespecified locations. The data
thus generated (at a specific rut depth or number of passes) was fitted with
normal, lognormal and Weibull distribution. Statistical analysis indicated that
these distributions could be used to describe wheel rut test results well. Using
predicted values (rut depth or the number of passes) made for a particular
probability, Probabilistic Rutting Curve (PRC) were constructed. Based on
the location of PRCs, it can be concluded that PRCs obtained assuming
Weibull distribution results in conservative rut estimate, while those based
on lognormal distribution results in overestimation. PRCs obtained assuming
normal distribution were intermediate to those obtained assuming Weibull
and the lognormal distribution. Further, significant differences were found
between conventional approach and PRCs constructed in this research. The
proposed methodology combines advantages of traditional testing protocol and
probabilistic approaches. These PRCs can be conveniently used in conjunction

with reliability-based pavement design and quality control protocols.

Keywords: Permanent Deformation, Rutting, Asphalt, Asphalt concrete,

Probabilistic Approach, Specimen Geometry, Aggregate Degradation, etc.
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