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Abstract—The performance of an asphalt pavement is mainly
affected by rutting, fatigue and low temperature cracking. Fatigue
cracking is considered to be the most important type of distress
effecting the performance of an asphalt pavement. Fatigue cracking
reduces the service life of an asphalt pavement drastically. The main
objective is to study the combined effect of loading frequency, mix
type , initial stiffness modulus and strain level on fatigue life of an
asphalt pavement. Here in this study four point bending test
apparatus is used for performing the fatigue test on three different
types of asphalt mixes; namely Semi Dense Bituminous Macadam
(SDBC), Bituminous Concrete (BC) and Dense Bituminous Macadam
(DBM). Asphalt mixes were prepared by using the optimum bitumen
content as obtained from Marshall Stability Test with a 80/100
penetration grade asphalt binder and locally available crushed
aggregates. The four point bending test was conducted at the strain
controlled mode of loading using seven strain levels : 100uE, 150pE,
200pE, 250uE, 300uE, 350uE and 400uE ; three loading frequencies
of 6Hz, 8Hz and 10Hz representing heavy truck loading at 25kmph to
45kmph, at a temperature of 30°C. For each type of asphalt mix
twenty one numbers of fatigue tests were performed. A total of sixty
three samples were tested in the four point bending test appartus.
Results of this study showed that fatigue life increases with increase
in loading frequency and decrease in strain level for each type of
asphalt mix.A correlation is developed using EViews software to
relate fatigue life with strain level, loading frequency and initial
stiffness modulus.

1. INTRODUCTION

The phenomena in which an asphalt pavement is subjected to
cracking due to repeated tensile stress or tensile strain below
the ultimate strength of the material under repeated action of
traffic loads is known as fatigue. Environmental factors are
also responsible for fatigue cracking in asphalt pavements.The
cracks initiates from the bottom of asphalt layer and with
further loading it propagates towards the top layer; thus it also
known as Bottom-Up cracking[1,2].The fatigue strength of an
asphalt mix is defined as its ability to withstand repeated
traffic loads under existing environmental conditions without
significant cracking or premature failure[3]. For efficient
designing and maximum service life of an asphalt pavement,
determination of its fatigue life is of utmost importance.
Fatigue equations are usually developed from laboratory test
results and after that the results are calibrated with the help of

certain shift factors to get an idea of the field fatigue life. The
present paper attempts to develop correlations of laboratory
fatigue life with loading frequencies, sttrain levels and initial
stiffness modulus for three different types of asphalt mixes.
Here in this study the fatigue life of asphalt beam specimens
having dimension of 350mm length, 63mm breadth and 50
mm  thickness; is determined from four point bending test
apparatus as per the American Specifications (AASTHO-
T321-14)[11]. The asphalt beam sample is placed in between
four clamps of fatigue test apparatus and a bottom —up
sinusoidal loading is applied to it in the form of pneumatic
pressure generated with the help of an air compressor
assembled with it. The test is continued till the initial stiffness
modulus value of a particular specimen gets reduced by 50%.
The number of cycles corresponding to that 50% reduced
value of initial stiifness modulus is reported as laboratory
fatigue life of that particular specimen[11].

2. OBJECTIVES

The objectives of this research paper are as follows:

A] To Study the effects of mix types, loading frequency, strain
level and initial stiffness modulus on the fatigue life of an
asphalt pavement.

B] To develop correlation of fatigue life with strain level,
loading frequency and initial stiffness modulus for each of the
three different types of mixes tested over here.

3. LITERATURE REVIEW

Though many researchers have performed various studies on
fatigue damage in asphalt materials but very few studies have
been done to analyse the combined effect of loading
frequency, strain level and mix type on the fatigue life of
asphalt pavements. Ghazi G. Al-Khateeb (2013) have studied
the effect on fatigue life of asphalt pavement due to combined
action of loading frequency, temperature and stress level using
the IDT test configuration and it was found that at two test
temperatures : 20 and 30°C fatigue life increases with increase
in loading frequency and the rate of increase takes place in an
exponential manner. The variation of fatigue life at different
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loading frequencies is lesser at higher strain levels than at
lower stress levels.Also it was found that with increase in test
temperature the fatigue life decreases[1]. Mohammed Y.
Fattah(2015) performed laboratory study to anlayse the effect
of degree of compaction, temperature, ageing and asphalt
content on fatigue response of asphalt mixes with the help of
Nottingham flexural fatigue test apparatus and procedure in
control strain mode at three test temperatures of 10+1°C,
20+1°C and 30+1°C at loading frequency of 10Hz.It was
found that fatigue life of asphalt mix increases with increase in
asphalt content and air-void content within the range tested
and decreases with increase in term ageing results. It was also
found that increase of air voids from 4% to 7% decreases
stiffness and fatigue life by 25 and 69% respectively but
increases the energy dissipated by 5%. Increase of asphalt
content from 4.5 to 5% increases flexural stiffness by 61% and
fatigue life by 28% whereas that from 5% to 5.5% increases
flexural stiffness and fatigue life by 58% and 20%
respectively[3]. J.C Pais(2010) has evaluated the relationship
between the two constants(k; and k,) that were used for
expressing the fatigue test results in the form of number of
cycles, for Portugese mixtures based on the datas that were
obtained from more than 50 different types of asphalt
mixtures. However the model obtained here is useful for
fatigue testing with one unknown parameter only in fatigue
law (ky)[5].Pabitra Rajbongshi(2011) has suggested an
approach to calibrate the laboratory fatigue equation using
variable shift factors to get an idea of the field fatigue life by
using the LTPP(Long Term Pavement Performance) database.
Reliability of the calibrated equation obtained is found
statistically and has been concluded that it gives reliable
pavement fatigue life[10]. Taher Baghaee Moghaddam(2011)
has highlighted the variation in fatigue and rutting resistance
of AC mix due to the addition of additives and the change in
aggregate gradation. It was found that though larger aggregate
gradation improves the rutting performance but it also lowers
the fatigue resistance of AC mix. Higher asphalt content
results in decrease of fatigue life.It was also observed that
fibers and polymers due to their capability of absorbing certain
amount of distresses due to repeative action of traffic loads
increases both the fatigue and rutting performances of AC mix
in addition to the restriction they provide to the movement of
aggregates because of their three dimensional networking
nature[9].ZHU Hong-zhou(2007) has performed three point
flexure fatigue test on different types of asphalt mixtures
under control strain mode of loading to study the effect of
aggregate gradadtion, asphalt content and property and test
temperature on the fatigue resistance of asphalt mix. It was
reported that the fatigue performance can be improved by the
use of suspend-dense mixtures instead of framework-dense
mixtures and by the increase of bitumen content from the
optimum value determined by Marshall test.lt was also
observed that the fatigue life is higher for the test conducted at
higher temperature than that at lower temperature and for
better simulation, test should be performed under control
strain mode at a test temperature of 30°C. Modified asphalt

mix shows better fatigue performance than conventional
mix[6].

4. MATERIALS AND METHODS

4.1 Aggregates

Locally available aggregates that were used during the entire
work , were collected from a crusher near NH-54 in Silchar.
Various laboratory tests were performed and the properties of
aggregates found are shown in Table 1. Here in this study the
aggregate gradation for SDBC(layer thickness of 40mm),
DBM(layer thickness of 75-100mm) and BC(layer thickness
of 50mm) were adopted from IRC:11-2009. Proper sieving of
aggregates were done to achieve the aggregate gradation
within specified limits.

Table 1: Properties of aggregates

Physical property | Tests Standard | Specified value | Obtained value
Crushing 1S:2386(4) <30% 26.3%

Impact 1S:2386(4) <30% 24%

Abrasion 1S:2386(4) <40% 38%

Specific gravity | 1S:2386(3) 2.5-2.9 2.5

Flakiness index | 1S:2386(1) <15% 10.62%
Elongation Index | 1S:2386(1) <15% 13%
Angularity no. 1S:2386(1) 0-11 10

4.2. Bitumen

The bitumen used in this study was collected from a local
consultancy. Various tests on the bitumen collected were
performed and the properties are shown in Table 2.

Table 2: Properties of bitumen

Physical property | Test standard | Specified limit | Obtained value
Specific gravity | 1S:1202 0.97-1.02 1.01
Penetration 1S:1203 80-100 95

Ductility 1S:1208 >75cm >100cm

Flash point 15:1209 >175°C 326°C
Softening point 1S:1205 35-70°C 40.2°C
Solubility 1S:1216 0.5% 0.49%

4.3 Marshall Test

Marshall test is performed on the three types of asphalt mixes
namely, SDBC ,DBM and BC to determine the optimum
binder content for each type of mix. The Marshall tests are
done as per The Asphalt Institute Manual MS2. A total
number of four marshall samples are prepared and tested for
each type of mix i,e a total of twelve numbers of Marshall
tests are performed.

The optimum binder content for SDBC, DBM & BC mix are
found to be respectively 5.5%, 5% and 5.5% of the total
weight of aggregates.
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4 Fatigue Test

The fatigue life of each type of above mentioned asphalt
mixes are determined with the help of a stand alone servo
pneumatic four point bending test apparatus. The tests are
performed at a temperature of 30°C under control strain mode
of loading. The tests are performed at strain levels of 100,150,
200, 250, 300, 350 and 400 micro-strains and at loading
frequencies of 6, 8 and 10 Hz.

Tests specimen for each type of mix are prepared using the
optimum bitumen content determined from the Marshall
stability test. After proper mixing and preparation of HMA,
the specimens are compacted in a mould with inner
dimensions of 380x63x70 mm with the help of a self
compacting compactor provided by MATEST. The compacted
specimen is then allowed to cool sufficiently and then taken
out of the mould. The weight of the specimens prepared were
approximately 3555gms.

5. RESULTS & DISCUSSION

5.1. Fatigue test results

At first the fatigue tests are performed on SDBC type of
asphalt mix at three loading frequencies of 6Hz, 8Hz and 10
Hz and at seven strain levels viz, 100uE, 150uE, 200uE,
250uE, 300uE, 350uE and 400uE. The variation of fatigue
life with strain level and loading frequency are shown below.
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Fig 1 : Variation of fatiguc lifc with strainlevel and
loading frequency in SDBC mix

The similar test procedure is followed for BC type of asphalt
mix and the variation of fatigue life with strain level and
loading frequency are shown below.

Finally for the DBM mix also the test procedure is followed
similar to the above two.
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Fig 3 : Variation of fatiguelife with strain level and loading
frequency in DBM mix

From Figl, Fig2 and Fig3 it is found that the fatigue life of
asphalt mix decreases with increase in strain level and
decrease in loading frequency. Now since practically it
becomes very difficult to get exactly same values of initial
stiffness modulus for diferent samples of same asphalt mix, so
attempts are made to draw a graph inorder to obtain the
average initial stiffness modulus value for each types of
asphalt mixes tested over here.
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Fig 6 : Average initial stiffness modulus of DBM mix
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From Fig 4, Fig 5 and Fig 6 it is found that out of three types
of asphalt mixes used in this study, SDBC possess the highest
value of initial stiffness modulus followed by DBM and BC
possess the lowest value. In a similar manner the fatigue life
of different samples of same mix at various strain levels and
loading frequencies are averaged and plotted below seperately
for the three different types of asphalt mixes tested.
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From Fig 7, Fig 8 and Fig 9 it can be said that out of the three
asphalt mixes used in this study BC shows the highest fatigue
resistance followed by DBM and SDBC possess the lowest
fatigue resistance.

5.2 Development of correlation using Eviews software
5.2.1 Development of correlation for SDBC mix

The results obtained after performing the fatigue tests on
SDBC mix at various strain levels and loading frequencies are
used for the development of correlation of fatigue life with
loading frequency, strain level and initial stiffness modulus of
the mix. The only dependent variable used is log with base e
of fatigue life obtained (LNN). C is the additive constant
obtained in the fatigue life equation and is used as an
independent variable. The other independent variables used
are: log base e of loading frequency (LNF), log base e of strain
level and log base e of initial stiffness modulus (LNE). The
results obtained from Eviews for SDBC mix are reported as
below.
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Finally after analysing the results obtained from Eviews, the
correlation that can be developed for SDBC mix is

LNN = 2294051 + 1.128119LNF - 0.316698LNE -
2.209889LNS

Now using the formula obtained above and by putting the
values of frequencies, strain levels and initial stiffness
modulus used in this study, the corresponding fatigue lives are
calculated and is reported as estimated fatigue life. The fatigue
results obtained from laboratory tests are designated as
observed fatigue life. Now to check the accuracy of formula
obtained, estimated fatigue life vs observed fatigue life graph
is drawn and the deviation of the points are observed with
respect to a 45 degree line drawn from the origin.
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5.2.2 Development of correlation for BC mix

The fatigue test results for BC mix are used as input for the
Eviews software while developing the correlation. The results
for BC mix from Eviews are reported as :
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Finally after analysing the results obtained from Eviews, the
correlation that can be developed is :

LNN = 21.79275 + 8.265795LNF -
1.085854LNS

Here also the accuracy of the formula obtained is checked by
plotting observed fatigue life vs estimated fatigue life graph
and observing the deviation of the points from a 45 degree line
drawn from the origin.

3.428207LNE -
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5.2.3 Development of correlation for DBM mix

The fatigue tests results for DBM mix are fetched into the
Eviews software to develop a correlation of fatigue life with
loading frequency, strain level and initial stiffness modulus of
DBM mix. The results obtained from Eviews for DBM mix
are reported as below :

DBMEVIEWS

Depedeme Vi LN

Finally after analysing the results obtained from Eviews the
correlation that can be developed for DBM mix is

LNN = 242653 + 1.169649LNF - 0.539535LNE -
2.281909LNS

Now the accuracy of the formula obtained is checked by
plotting observed fatigue life vs estimated fatigue life graph
and observing the deviation of points from a 45 degree line
drawn from the origin.

uuuuuu

6. CONCLUSIONS AND SCOPES

Here in this study the combined effect of loading frequency,
strain level, mix type and intial stiffness modulus on the
fatigue have been studied and then correlations have been
adopted with the help of EViews software. After this study the
conclusions that can be stated are as follows:

1. With increase in loading frequency, the fatigue life goes
on increasing.

2. With increase in strain level, the fatigue life goes on
decreasing.

3. Out of the three types of mixes, SDBC have the highest

initial stiffness modulus while BC have the lowest initial

stiffness modulus,other factors remain the same.

Out of three types of mixes, BC possess the highest

fatigue resistance while SDBC possess the lowest fatigue

resistance,other factors remain the same.

B

This study have been performed at a temperature of 30°C, but
the same study can be performed by taking into account the
effect of temperature also.The fatigue tests are performed
under control strain mode, hence the study can be performed
at control stress mode also and thus these points form the
scopes of the present study.
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