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ABSTRACT

Asphalt pavements in cold regions are significantly affected by damage
resulting from freeze-thaw cycles, which reduce their resistance to failure.
In this study, the effect of freeze-thaw cycles on the fracture toughness of
water-saturated asphalt mixtures was investigated. After saturating SCB
specimens, the Semi-Circular specimens (SCB) were subjected to (1, 3, 5,
7, and 11) freeze-thaw cycles at various temperatures (-5, -10, -15, -20,
and -22°C). The tests were conducted in a combined tensile-shear loading
mode with a higher tensile component (M ¢ = 0.8). The results showed that
the stress intensity factors Which is determined based on the force applied
to the sample at failure, as well as the geometric and dimensional
characteristics of the sample, significantly decreased with an increasing
number of cycles up to the seventh cycle, after which no substantial
reduction was observed. Additionally, the highest fracture strength was
recorded at -15°C, while lower temperatures led to decreased strength
due to the formation of microcracks caused by bitumen shrinkage.
Accordingly, for pavement design in cold climates, the seventh freeze-thaw
cycle is recommended as the critical condition for design considerations.
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Introduction

In cold regions, temperature changes and
traffic loads can simultaneously generate
stresses and lead to crack formation in asphalt
pavements. A drop in temperature below zero
degrees causes stiffening of the bitumen and
brittleness of the pavement, resulting in an
increased susceptivity to fracturing. On the
other hand, the penetration of water from
precipitation into the voids and its expansion
during freezing causes the appearance and
growth of microcracks, which leads to a
reduction in the service life of the pavement.
One of the most important factors affecting the
durability of the pavement is the number and
intensity of freeze-thaw cycles, which cause
gradual destruction of the asphalt structure.
Therefore, in this study, the effect of freeze-
thaw cycles and freezing temperature changes
on the fracture resistance of saturated asphalt
matures has been investigated.

Materials and Methods

In this study, limestone aggregates and a
binder whose penetration grade was 60 —70
(PG 64-16) were used. Grading number 4,
according to Standard code number 234
(Iranian Pavement Roads Standard), was
employed. The optimum bitumen content,
determined by the Marshall method, was
5.5%, with 4% air voids. The specimens were
compacted using a gyratory compactor.
Finally, the cylindrical samples were cut into
Semi-Circular bend (SCB) samples (Fig.1.)

To simulate freeze-thaw cycles, fully
saturated specimens were placed for 12 hours
in a water bath (25 °C) and then for 12 hours
in a freezer (=5 °C). This process was repeated
for up to 11 cycles. In addition, tests were
performed at temperatures of —10, —15, —20,
and —22 °C.

To evaluate fracture resistance under
critical  conditions, SCB samples were
fractured under mixed-mode I/11 loading mode
with a higher tensile component (M¢ = 0.8). A
SANTAM testing machine (20 kN capacity)
was used at a loading rate of 3 mm/min. The
stress intensity factors were calculated based
on Linear Elastic Fracture Mechanics (LEFM).
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Fig.1. Geometry of the semi-circular bending test
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Results and Discussion

Results indicated a consistent reduction
in the stress intensity factor with an increasing
number of freeze-thaw cycles. This trend is
attributed to water penetration and ice
expansion into the air voids, leading to the
generation of microcracks in the mixture.
Also, the penetration of water at the
aggregate-bitumen interface  results in
decreased binder adhesion. The largest
reduction occurred during the first seven
cycles, after which the decline rate became
nearly constant; additional cycles had little
influence on fracture resistance. (Fig.2.).

Kl DKeff ®KI -15°C
0.9

0.8 Swa
0.7

0.6

0.5 “ET=
0.4
0.3
0.2
0.1
0

control 1 FTC 3FTC SFTC 7FTC  9FTC 11FTC
specimen

-

Stress intensity factor (MPa.m %)

Freeze-Thaw Cycles
Fig. 2. Fracture toughness of SCB specimens at
different FTCs

The stress intensity factors for specimens
conditioned at various temperatures decreased
by about 32-40% compared to the control
specimens. Temperature also played a
significant role: the fracture resistance
increased as the temperature decreased to —15
°C, but then reduced at lower temperatures.
The observed optimum fracture toughness at
—15 °C is due to the increasing stiffness of the
binder, while at lower temperatures, greater
contraction of the binder compared to the
aggregates  causes the formation of
microcracks and a reduction in fracture
resistance. Hence, the highest and lowest



fracture resistances were observed at —15 °C
and —5 °C, respectively (Fig.3.).
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Fig. 3. Effective stress intensity factor at different
temperatures and FTCs

Conclusion

Freeze-thaw cycles significantly affect
the fracture behavior of saturated asphalt
mixtures. Increasing the number of cycles
gradually decreases fracture toughness, which
stabilizes after approximately seven cycles.
Furthermore, the influence of temperature
indicates that the maximum fracture resistance
occurs around —15 °C, while lower
temperatures lead to decreased fracture
toughness. Finally, it is recommended that for
pavement design in areas with rain and snow
in the winter, where freeze-thaw cycles and
asphalt saturation occur simultaneously, seven
FTCs be considered the critical state in mixed-
mode I/1l loading mode with a higher tensile
component (M€ = 0.8).
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5- Modified Indirect Tension

6- Edge Notched Disc Bend

7- Semi-Circular Bend
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