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Abstract

The signs of failure initiation in asphalt concrete through its service life may appear as cracking,
rutting, or other types of distress after practicing dynamic stresses from vehicular loading. This work
is concerned with detecting the failure initiation in asphalt concrete in the laboratory, and the role of
binder content and constant strain level through a comprehensive testing program. Asphalt concrete
mixtures were formulated with the optimal binder content, as well as with binder content adjusted by
+0.5%. These mixtures were then compacted into slab molds using a laboratory roller. From the slab
samples, beam specimens were extracted and subjected to fatigue life testing under dynamic flexural
stresses in a controlled 20°C environment. The testing program encompassed three constant strain
levels: 750, 400, and 250 microstrain. It was observed that the failure occurs in three stages after
practicing the dynamic loading. The binder content exhibits a significant influence on the starting point
of such stages. However, the impact of constant strain level is more pronounced as the binder content
increases. The binder content exhibits a significant influence on extending the fatigue life and
controlling the stages of failure.
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INTRODUCTION

Abojaradeh et al. [1] defined the final and the initial stiffness in the testing for flexure fatigue life of
asphalt concrete. Flexure fatigue tests were performed on dense-graded mixtures. Fatigue models were
developed using linear regression curve fitting. Test results indicated that the initial stiffness could be
obtained after 50 cycles of dynamic loading, while the fatigue stiffness is taken at 50% of the initial
stiffness. The obtained stiffness degradation model represents a basic material property. Chen et al. [2]
developed a model to represent the relationship between the log of the number of cycles and the log of
the stiffness obtained from dynamic bending fatigue test at various strain levels and temperatures. Three
transition points were identified which are related with the fatigue progression. It was revealed that the
number of loading cycles associated with the first two transition points exhibit no statistically significant
differences. The first point is the number of cycles to micro-crack initiation and propagation, while the
second point is the true failure point. Bessa et al. [3] assessed hot mix asphalt concrete and the test
results were wused in different pavement
performance models. It was addressed that the
conventional  mechanistic-empirical  pavement
design guide overestimates the fatigue life of

*Author for Correspondence
Saad Issa Sarsam
E-mail: saadisasarsam@coeng.uobaghdad.edu.iq

Professor, Sarsam and Associates Consult Bureau (SACB),
Baghdad-IRAQ., Formerly at Department of Civil
Engineering, College of Engineering, University of Baghdad,
Iraq

Received Date: April 26, 2024
Accepted Date: May 02, 2024
Published Date: May 04, 2024

Citation: Saad Issa Sarsam. Detecting the Failure Stages in
Asphalt Concrete Through the Fatigue Life. Trends in
Transport Engineering and Applications. 2024; 11(1): 21-27p.

asphalt pavement since the model does not consider
the stiffness of the base layer, the viscoelastic
characteristics of the asphalt mixture, and the
climate conditions. Abhijith and Narayan [4] stated
that the deformation in the asphalt concrete beam
specimen is not homogeneous. Such behavior is not
given consideration in traditional analyses of test
results. Different parts of the asphalt concrete beam
specimen would experience different levels of
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damage when subjected to dynamic loading since the strain in the beam varies both along the depth and
length of the beam. Based on the study, a new fatigue failure criterion is proposed. The number of
repetitions at which the modulus reduces to zero is considered as the point of failure. It was concluded
that this fatigue life criterion is more meaningful than the old 50% reduction in stiffness criterion.
Mazurek and Iwanski [5] compared the test results from the curve fitting of relaxation functions in
mechanical and mathematical models with the master curves constructed based on those models. It was
revealed that the modeling results will provide an overarching view on the effectiveness of use of each
relaxation function. Sarsam [6] assessed the influence of environment and microstrain level on the
fatigue life and permanent microstrain of asphalt concrete. It was observed that the permanent
microstrain and the fatigue life of asphalt concrete increases at a testing environment of 30°C as
compared with that at testing environment of 5°C. The second model type is the pavement damage
model, and the deterioration of pavement can be attributed to the damage related to the decline in
pavement serviceability due to accumulation of axle load passes as reported by Pradhan et al. [7].

The aim of the present work is to explore the failure stages of asphalt concrete through the fatigue

life when practicing dynamic flexural stresses at 20°C environment and three levels of constant strain
of (750, 400, and 250) microstrain.

MATERIALS AND METHODS
The materials implemented in this work are locally available and usually used for asphalt pavement
construction.

Asphalt Cement

The asphalt cement binder, sourced from the AL-Nasiriya Oil Refinery located south of Baghdad,
possessed initial physical characteristics including a ductility of 150 cm, a softening point of 49°C, and
a penetration grade of 42. Subsequent to subjecting the asphalt cement binder to an accelerated aging
process via the thin film oven test, its penetration decreased to 33 cm, while ductility reduced to 83.
Conversely, the softening point increased to 53°C. These physical property assessments of the asphalt
cement binder adhered to ASTM procedures [8].

Fine and Coarse Aggregates

A blend of natural and crushed fine aggregates, along with crushed coarse aggregates, was sourced
from the AL-Ukhaider quarry situated north of Baghdad. Both types of aggregates underwent sieving
to achieve various sizes. The bulk specific gravity of the fine and coarse aggregates measured at 2.558
and 2.542, respectively, while their respective water absorption rates were recorded as 1.83% and
1.076%. These assessments of the physical properties of aggregates were carried out in accordance with
ASTM procedures [8].

Mineral Filler

The limestone dust was obtained from Karbala quarry, south of Baghdad, and implemented as mineral
filler. Testing for physical properties shows that the bulk specific gravity of the mineral filler is 2.617.
However, 94 % of the filler passes sieve No. 200 (0.075 mm).

Selection of the Combined Aggregate Gradation for Preparation of Asphalt Concrete Mixture
In the current study, the dense gradation of aggregates typically employed for the wearing course

pavement layer was chosen. It follows SCRB [9] specification. The aggregates gradation exhibit 12.5 mm

of nominal maximum size of aggregates. Figure 1 demonstrates the implemented aggregates gradation.

Preparation of the Asphalt Concrete Mixture, Slab Samples, and Beam Specimens

The coarse and fine aggregates, along with the mineral filler heated to 160°C, were combined with
the asphalt cement binder heated to 150°C. Through the Marshall Test, an optimal asphalt binder content
of 4.9% was determined.
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Details of the procedure of obtaining the optimum binder requirement can be referred to in the study
by Sarsam and Alwan [10]. The prepared asphalt concrete mixtures were compacted in a rectangular slab
mold of 300 x 400 mm while the depth of the mold was 60 mm. Laboratory roller compaction was
conducted to the target bulk density according to procedure described by EN12697-33 [11]. The details
of conducting the compaction process can be referred to Sarsam [12]. The temperature of the compaction
was maintained at 150°C throughout the rolling compaction process. After allowing the asphalt concrete
slab samples to cool overnight, beam specimens measuring 62 mm in width, 56 mm in height, and 400
mm in length were extracted from the prepared slabs using a diamond saw. A total of three slab samples
of asphalt concrete were prepared, while 12 asphalt concrete beam specimens were tested. For the
analysis, the average value from testing duplicate beam specimens was taken into account.

Testing for Fatigue by Implementing the Dynamic Flexural Bending Beam Test

The four-point dynamic flexural beam bending test, illustrated in Figure 2, was performed following
the test procedure outlined in AASHTO T321 [13]. This test aimed to assess the decline in flexural
stiffness of asphalt concrete over its fatigue life, under varying environmental conditions of 5°C and
30°C, along with three consistent strain levels of 250, 400, and 750 microstrain.
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Figure 1. The selected combined aggregates gradation.

Figure 2. Four-point flexural bedin~g test setup.
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Figure 3. Failure of asphalt concrete prepared with lower binder content.

The beam specimens were stored in the testing chamber for three hours at the specific testing
temperature before practicing the dynamic flexural stresses. Similar testing procedure using dynamic
stresses, various constant strain levels, and various testing temperatures was adopted by Chen et al. [2].

RESULTS AND DISCUSSION
Failure of Asphalt Concrete Prepared with Lower Binder Content

Figure 3 exhibits the deterioration of the flexural stiffness of asphalt concrete that prepared with 4.4%
binder content through the elapsed time since the start of practicing the dynamic flexural stresses. Four
stages of failure could be identified, the first stage is just after 0.4 to 0.5 seconds of practicing the
flexural stresses. The flexural stiffness starts with a high values, and then declines sharply from
1000000, 300000, and 100000 MPa to 4000, 2000, and 1000 MPa when the applied constant strain is
250, 400, and 750 microstrain, respectively. This stage is associated with possible materials
organization and orientation of solid particles of the asphalt concrete mixture which provide a seating
effect. In the second stage of failure, the flexural stiffness declines almost linearly at slow rate to 3000,
1500, and 900 MPa when the applied constant strain is 250, 400, and 750 microstrain, respectively, as
the loading proceed. In this stage, microcrack formation is expected, and the duration of the second
stage is longer than that of the first stage and extended to 20 seconds. The third stage of failure starts
after 20 seconds of loading and a sharp drop in the flexural stiffness could be detected. The flexural
stiffness declines to 300, 200, and 100 MPa when the applied constant strain is 250, 400, and 750
microstrain, respectively. At the fourth stage of failure, the asphalt concrete beam specimen starts to
fracture slowly since the applied flexural stress is reduced with load repetitions and the failure occur
after 100 seconds of practicing the dynamic flexural stresses regardless of the implemented constant
strain level. The flexural stiffness declines almost linearly to 100, 400, and 500 MPa. It can be revealed
that clear definition of the transition between the stages of failure was easy in general since the micro
and macro cracking may be tracked or verified during the test due to the stiff and brittle nature of asphalt
concrete structure prepared with lower than optimum binder content. Similar behavior was reported by
Abojaradeh et al. [1] and Sarsam [14].

Failure of Asphalt Concrete Prepared with Optimum Binder Content

Figure 4 demonstrates the failure mode of asphalt concrete which was prepared with optimum binder
requirement of 4.9%. It can be revealed that obtaining a clear definition of the transition between the
stages of failure is not easy as in the case of asphalt concrete mixture prepared with lower binder content
since the micro and macro cracking cannot be tracked or verified during the test.

The first stage of failure occurs after 0.5 seconds and the flexural stiffness declines from 30000,
90000, and 60000 MPa to 10000, 9000, and 2000 MPa when the applied constant strain is 250, 400,
and 750 microstrain, respectively. In the second stage of failure, the flexural stiffness declines almost
linearly at slow rate to 7000, 2000, and 1000 MPa when the applied constant strain is 250, 400, and 750
microstrain, respectively, as the loading proceed.
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Figure 4. Failure of asphalt concrete prepared Figure 5. Failure of asphalt concrete prepared
with optimum binder content. with higher binder content.

In this stage, microcrack formation is expected, and the duration of the second stage is longer than
that of the first stage and extended to 20 seconds. The third stage of failure starts also after 20 seconds
of loading and a sharp drop in the flexural stiffness could be detected. The flexural stiffness declines to
300, 250, and 200 MPa when the applied constant strain is 250, 400, and 750 microstrain, respectively.
The fourth and final stage of failure exhibit a gentle and almost linear decline in the flexural stiffness
to 30, 100, and 200 MPa and show the longest elapsed time to complete after 4000, 700, and 150 seconds
for (250, 400, and 750 microstrain, respectively. Such behavior may be attributed to the dense structure
obtained when the optimum binder content was implemented. similar behavior was reported by Abhijith
and Narayan [4] and Sarsam [15].

Failure of Asphalt Concrete Prepared with Higher Binder Content

Figure 5 exhibits the failure stages of asphalt concrete prepared with 5.4% binder content, which is
higher than the optimum requirements by 0.5%. The starting stage of failure is completely different as
compared with the previous mixtures. The first stage of failure shows an almost linear trend up to 20
seconds of practicing the dynamic flexural stresses and the stiffness decline to 4000, 2000, and 1000
MPa for 250, 400, and 750 microstrain levels, respectively. The second stage of failure exhibits sharp
drop in the flexural stiffness of asphalt concrete specimen to 500 MPa when a constant strain level of
250 microstrain is implemented. However, more gentle decline of the stiffness to 1000 and 900 MPa
could be detected when a constant strain levels of 400 and 750 microstrain was implemented.

The third stage of failure exhibits a gentle drop in the stiffness up to 170 seconds, and the stiffness
decline to 300, 400, and 500 MPa. The fourth stage of failure starts after 170 seconds and exhibit
almost a linear trend to 100 MPa for 250 microstrain level and a drop to 200 MPa for 400 microstrain
level, while the 750 microstrain level shows complete failure after 170 seconds of loading. Such
behavior may be related to the possible creep of the asphalt concrete mixture prepared with such high
percentage of asphalt binder. It can be revealed that the high binder content has extended the fatigue
life of asphalt concrete to 25% and 16.6% for 250 and 400 microstrain levels, respectively, as
compared with the mixtures prepared with optimum binder content. On the other hand, the fatigue life
of asphalt concrete declined by 97.5%, 85.7%, and 33.3% for 250, 400, and 750 microstrain levels,
respectively, when the asphalt binder content is lower than the optimum. Onayev and Swei [16]
reported similar findings.

CONCLUSIONS
Based on the conducted testing and limitations of materials, the following observations and
recommendations can be made.
1. Four stages of failure could be detected in the asphalt concrete when practicing dynamic flexural
stresses regardless of the implemented constant strain levels.

© STM Journals 2024. All Rights Reserved 25



Detecting the Failure Stages in Asphalt Saad Issa Sarsam

High binder content has extended the fatigue life of asphalt concrete to 25% and 16.6% for 250
and 400 microstrain levels, respectively, while low binder content has decline it by 97.5%,
85.7%, and 33.3% for 250, 400, and 750 microstrain levels, respectively, as compared with the
mixtures prepared with optimum binder content.

The first stage of failure occurs early with sharp trend of decline in the stiffness due to possible
materials organization and orientation of solid particles of the asphalt concrete mixture, which
provide a seating effect.

The second stage of failure shows gentle decline in the stiffness and is associated with micro
crack formation and consumes more time up to 20 seconds.

The third stage of failure exhibits a sharp trend of decline in the stiffness and is associated with
macro crack formation.

The fourth stage of failure exhibits almost linear trend of decline in the stiffness and the asphalt
concrete consumes more time to creep or fracture based on the binder content.
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