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Abstract: This research contributes to characterize the EVA polymer modified bitumen, which was subjected
to thermal fatigue. The aim of this work was to determine the rheological components and their evolutions under
thermal fatigue with freezing - thawing cycles. To represent thermal fatigue phenomenon of polymer modified
bitumen in laboratory, both freezer and controlled temperature room were used to produce the real cycles of

freeze-thaw of winter season. The results suggest that thermal fatigue is more complicated on rheclogical
behavior of polymer modified bitumen. It is shown that thermal fatigue mfluenced thermal cracking, fatigue
cracking and permanent deformation resistance. It 1s concluded that thermal fatigue due to thermal cycling, 1s

a big problem to accelerate the degradation of pavement.
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INTRODUCTION

Various factors affect the deformation behavior and
performance of asphalt concrete, including time,
temperature, stress state, mode of loading, aging and
moisture (Kim, 2009).

The temperature has a great influence on the
performance of pavements. Thermal cracking
mechamsm that accelerates the degradation of asphalt
concrete (Anderson et al., 2007). Thermal cracking is a
serious problem that results in both structural and
functional problems in asphalt concrete pavements
(Yen et al., 2006).

The asphalt concrete pavements are constantly
subjected to temperature fluctuations and the physical
properties of asphalt concrete are highly temperature
dependent. This thermal loading results in the
development of thermal stresses in the pavements
(Al-Qadi et al., 2005). Thermal fatigue is among distresses
developed m flexible pavements due to temperature
variation. Tensile stresses tend to increase i the
pavement as the temperature decreases, and at very low
temperatures cracking occurs once the developed
stresses exceed the tensile strength (Sebaaly ef al., 2002,
Xu and Solaimaman, 2008).

A lot of researches has been conducted to study the
complexity of thermal fatigue phenomenon. Until now, a

1 one

standard test method is not available for evaluating
mixture and binder resistances to thermal fatigue. The
bitumen binder is the first factor that participates in the
degradation of asphalt concrete.

The present study focuses on thermal fatigue of
polymer modified bitumen binder. In this research, the
objective was to determine the evolution of rheological
components of EVA polymer modified bitumen under
effects of the thermal fatigue with freezing-thawing cycles.

The flexible pavements are subjected to deterioration
from seasonal freezing and thawing (Karen ef al., 2005). In
the winter, the pavement structures modulus increases
because of ice segregation m the unbound base or
subgrade and because of the influence of temperature on
the viscosity of the asphalt concrete. During spring thaw,
the pavement foundation can become saturated with
water from the thawing ice lenses, thus reducing the
structural adequacy of the base or subgrade. With a
weakened structure, the pavement cannot support the
load it was designed for; therefore, one can expect most
of the damage to a pavement to occur during the spring
thaw. Damage to the pavement structure will reveal itself
on the surface in the form of fatigue cracking and rutting
{(Janoo and Berg, 1990).

Bituminous concrete pavements are known to be
susceptible to thermal distress when subjected to
changes in ambient temperatures. Several researchers

Corresponding Author:

Bachir Glaoui, Reliability Laboratory of Materials and Structures in Regions (FIMAR),

Bechar University B.P. 417, Bechar, 08000, Algeria
1012



J. Applied Sci., 11 (6): 1012-1018, 2011

have proposed that thermal cracking can be divided into
two modes of distress: (a) low temperature cracking
and (b) thermal fatigue cracking (Vinson et al., 1989,
Lytton et al., 1983).

Although previous research efforts have improved
the understanding of the mteraction between asphalt
pavements and the environment, at the present there 1s
not universal acceptance of thermal fatigue as a distress
mechanism causing thermal cracking (Epps, 1999). In
examining the hypothesis of this mechanism of failure,
thermal fatigue must be isolated from low temperature
cracking. As a result, only those approaches that separate
the effects of the two different forms of thermal cracking
are recommended to explore the phenomenon of thermal
fatigue. An advantage of direct measurement of mixture
response to thermal cycling 1s the absence of necessary
assumption of material behavior required in mechanisms-
based approaches (Epps, 1999). Previous laboratory
testing programs employing direct measurement of mixture
response have produced mixed results. The Federal
Highway Administration report, (1994) indicated that
thermal fatigue is not a viable distress mode in the
absence of environmental aging (Federal Highway
Administration, 1994). But, Sugarawa and
Moriyoshi (1984) suggested that mixtures do have a finite
capacity for thermal fluctuations with low temperatures
greater than but close to the mixture fracture temperature
(Sugarawa and Moriyoshi, 1984).

Thermal fatigue failure 1s hypothesized to result from
repeated tensile mduced by temperature
fluctuations in the pavement as temperature decreases
and contraction is restrained. Aging of asphalt-aggregate
mixture contributes to the level of stress induced. Both
rapid short-term  aging during plant mixing and
construction and slower long-term aging in the field
stiffen the mixture and increase the stress induced on
cooling. When the effect of thermal cycling exceeds the

stresses

mixture fatigue resistance, transverse cracks result from
the maximum stress in the longitudinal direction of the
pavement (Epps, 1999).

MATERIALS AND METHODS

This research was conducted from October 2007 to
March 2010 in multiple places: in Algeria (Bechar
university), France (LCPC) and Netherlands (laboratory of
Road and Railway engineering-TU Delft).

Materials: The bitumen binder used in this study is 40/50-
penetration grade. Usually it 135 used in aerodrome and
road pavements in hot regions m Algeria.

The polymer was used as a modifying agent;
thermoplastic material of Ethylene Vinyl Acetate (EVA)
copolymer with 18% Vinyl Acetate contents.

The polymer modified bitumen was manufactured at
the laboratory of LCPC (Central laboratory of bridges and
pavements (France) by mixing during 2 h the bitumen with
5% of polymer under moderate shear stirring (about 1000
tours/min) at 160°C temperature.

Test program: This study focuses on the fundamental
rheological properties of two binders:

»  The unaged polymer modified bitumen 1s: 40/50
bitumen modified with 5% of EVA polymer

»  The aged polymer modified bitumen with thermal
fatigue; which 1s resulted from the same origin of
unaged polymer modified bitumen binder

The experimental method of thermal fatigue in this
study is as; Firstly, using a freezer to regulate the low
temperature wanted and controlled temperature room.
Then putting the polymer modified bitumen inside the
freezer. After that getting out the modified bitumen and
putting inside a controlled temperature room to produce
the thaw of this binder. The repeating thermal cycles on
modified binder leads to produce a phenomenon of
thermal fatigue.

The aged polymer modified binder was submitted to
thermal fatigue with freezing-thawing cycles. The
temperatures of the study tests were: -10°C for freezing
and 25°C for thawing. The specimen was exposed to 100
cycles of thermal loading. Figure 1 illustrates one cycle of
temperatures in 24 h. As shown in Fig. 1, the duration of
freezing and thawing was the same 12 h. For each applied
thermal solicitation, it is assured 10 h constant duration
during the test. The fundamental characterization was
done using the Dynamic Shear Rheometer (DSR) and
Bending Beam Rheometer (BBR).

The Dynamic Shear Rheometer (DSR) was used to
perform frequency sweeps on aged and un-aged binders
at different temperatures -5, 0, 20, 30, 40, 50 and 60°C.

Measurements were taken at different temperatures.
The 8 mm spindle was used for measurements at the
temperature -5, 0, 20 and 30°C. The 25 mm spindle was
used for the temperatures 40, 50 and 60°C. The gap width
of 2 and 1 mm was used for the small spindle (8 mm) and
the large spindle (25 mm), respectively.

The Bending Beam Rheometer (BBR) is a simple
specification tool that measures asphalt stiffness at low
ternperatures under controlled loading conditions. The

load 1s wused to smmulate the stresses that gradually
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Fig. 1: One cycle of thermal loading

build up in pavement when temperature drops
(Federal Highway Administration, 1994). Two parameters:
the flexural creep stiffness and m-value, are obtained with
the BBR. The flexural creep stiffness represents the
resistance of asphalt for constant loading and m-value
does the change of asphalt creep stiffness (Lee, 1997).

In this study, the Bending Beam Rheometer (BBR)
was used to measure the creep stiffness and m-value,
which were talen at low temperature-20°C.

RESULTS AND DISCUSSION

Master curves: Figure 2 represents the master curves of
complex modulus and phase angle of unaged polymer
modified bitumen At low temperatures or high
frequencies, the polymer modified bitumen tends to a big
complex modulus value and a small phase angle value.
The big value of complex modulus reflects the rigidity of
the modified binder. The small value of phase angle
represents the elastic nature of the binder at these
frequencies. The temperatures -5 and 0°C have the same
behavior, when the frequency mcreases, the complex
modulus increases and phase angle decreases.

As the frequency decreases or as the temperature
increases, the complex modulus decreases while the phase
angle increases. The first reflects a decrease in resistance
to deformation (softening) while the second reflects
decrease 1n elasticity or the ability to store energy
(Bahia, 2009). The temperatures 20 and 30°C have the
same behavior. The frequency increases, the complex
modulus increases and also phase angle increases. This
result 1s mn contraction to the results of Bahia (2009)
because the behavior of modified bitumen is
changed due to the type of polymer, which is EVA
(Ethylene Vinyl Acetate). But it 1s in support to the
research of Lu ef al. (1999). In this case, the EVA polymer
modified binder has recovery of elasticity.

Rutting can occur especially in regions where hot
climates can lead to a reduction in binder viscosity
(D" Angelo, 2002). At high temperatures 40, 50 and 60°C,

as temperature increases, the complex modulus decreases
contmuously, and phase angle mcreases to approach
value of 55° that reflects the elasticity behavior or ability
to store energy. At lugh pavement temperatures, a low
phase angle is desirable since this reduces permanent
deformation (Maccarrone, 1995). The EVA polymer
displays a great role to reduce thermal susceptibility
(Brule and Maze, 1995). So, the EVA polymer-modified
bitumen has more elasticity, which is good for rutting
performance. This result 18 in support to a lot of
researches (D’ Angelo, 2002; Maccarrone, 1995; Brule and
Maze, 1995).

Figure 3 represents the master curves of complex
modulus and phase angle of thermal fatigue with freezing-
thawing cycles of polymer modified bitumen. At low
temperatures or high frequencies, the aged polymer
modified bitumen has a high stiffness and a low phase
angle. The temperature -5 and 0°C have the same
behavior. The frequency increases, the complex modulus
increases and phase angle decreases.

At intermediate temperatures, as the temperature
increases, the complex modulus decreases continuously
while the phase angle increases continuously. For the
temperatures 20 and 30°C, the complex modulus mcreases
and also phase’s angle increases with increasing of
frequency.

At high temperatures or low frequencies, as the
temperature increases, the complex modulus decreases
and the phase angle increase to approach a value of
approximately 58°. For temperatures 40 and 50°C, the
complex modulus increases and phases angle decreases
with mecreasing of frequency. However, at 60°C, when the
frequency increases, the phase angle remains constant
while the complex modulus increases continuously.

Effects of thermal fatigue: Figure 4 shows black curves of
aged polymer modified bitumen submitted to thermal
fatigue with freeze-thaw cycles, and unaged polymer
modified bitumen. The aging participates in thermal
fatigue phenomenon. This factor changes the binder
behaviour by increasing the complex modulus and
decreasing phase angle (Bahia, 2009). The slope rate of
aged polymer modified bitumen is decreased for each
temperature, 1.e., a little variation in the phase angle. The
effects of thermal fatigue on modified binder reduce the
performance and the durability of pavements. At low
temperatures (-5 and 0°C), a little change is observed a
slight increase in the complex modulus and slight
decrease in the phase angle. These changes are not
favourable since it makes the bmders stiffer and more
elastic Bahia (2009). So, thermal fatigue leads the modified
binder to behave unfavourably concermng thermal
cracking.
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Fig. 2: Master curves of complex modulus and phase angle of unaged polymer modified bitumen at reference temperature
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Fig. 3: Master curves of complex modulus and phase angle of aged polymer modified bitumen with reeze - thaw cycles
at reference temperature 25°C

At mtermediate temperatures (20 and 30°C), the rate polymer modified bitumen. Increasing of the complex

of variation of the phase angle is smaller than virgin  modulus and decreasing in variation of phase angle
binder. There is a decrease in the curve slope of aged appears the changes. In this case, the increasing in the
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complex modulus is not favourable for fatigue cracking,
especially for thin pavements (Balia, 2009).

At high temperatures (40 and 50°C), the direction of
the curve slopes of aged polymer modified bitumen is
changed. The phase angle decreases when the complex
modulus increases. This indicates an increase in rigidity
and in elasticity, which results m better resistance to
permanent deformation (Bahia, 2009). In this case, the
EVA polymer reduces the thermal susceptibility
(Brule and Maze, 1995) which means a better behaviour
concerning the permanent deformation
However, at 60°C, the phase angle is observed to be

resistance.

higher for the aged modified bitumen and it remain
constant during this temperature. Thermal fatigue with
freezing - thawing cycles makes polymer-modified bitumen
softer and this change is not favourable for permanent
deformation resistance.

These results are in support to the studies of Bahia
(2009) and Brule and Maze (1995).

Stiffness and m-value: From Fig. 5, the creep stiffness at
60 sec of origin polymer modified bitumen is higher
than aged polymer modified bitumen. By the
recommendation of SHRP, the specific maximum
creep stiffness value at 60 sec is 300 Mpa (Lee, 1997).
The results of the two binders are within the limited
value.

The obtained m-values are shown in Fig. 6. The
m-value of origin polymer modified bitumen 1s higher than
aged polymer modified bitumen, which (Lee, 1997)
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represents the viscosity of origin binder is higher than
aged binder with freeze-thaw cycles. Considering the
recommended minimum m-value, 0.3 by SHRP, the test
results are within the limited (Lee, 1997).

From these results of creep stiffness and m-value, it
appears that thermal fatigue with freeze-thaw cycles
weaken the quality of polymer modified bitumen. So, the
modified binder becomes more deformable when it
submitted to freezing-thawing cycles. In cold regions,
the bituminous mixes are exhibited, under effect of
thermal fatigue with freeze-thaw cycles, to quick
degradations.

Many previous researches have been done on
thermal fatigue, which explain the problem of this
phenomenon on cracking of pavements. From results of
this study, it 15 found that thermal fatigue 1s a big distress
developed in flexible pavements.

CONCLUSION

The results of this study indicate that thermal fatigue
was changed the rheological behavior of polymer
modified bitumen. At low temperatures, complex modulus
was slightly increased and phase angle was slightly
decreased, which are not favorable for thermal cracking.
Also from results of the lower values of creep stiffness
and m-value, which indicate that the modified bitumen
becomes more deformable. Within intermediate
temperatures, increasing of complex modulus and
decreasing m variation of phase angle appears the
changes. These changes are not good for fatigue
cracking. At high temperatures 40 and 50°C, there 1s a
decreasing of phase angle and an increasing of complex
modulus. In this case, the polymer-modified bitumen has
an increase m rigidity and mn elasticity, which results a
better behavior in front of permanent deformation
resistance. But, at 60°C, the higher of phase angle was not
favorable for permanent deformation resistance. Thermal
fatigue with freeze-thaw cycles makes the modified binder
softer and more deformable.

The pavement performance is affected by thermal
fatigue (influencing thermal cracking, fatigue cracking and
permanent deformation resistance).

Further research is needed to increase the level of
thermal loading (over than 100 cycles) and change the
temperatures of cycles that represent the real seasons
temperatures.
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