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Abstract 

In cold regions such as Canada, pavement structures are subject to extremely low air temperatures and 

seasonal freeze-thaw cycles over the life cycle of the roadway, resulting in pavement distress, 

deterioration, and decreased service life. Each year, billions of dollars are spent in Canada on 

rehabilitation and new construction of asphalt pavements. Hence, prevention of premature failure has 

become of prime strategic importance for road owners. 

Fibers have already been used to reinforce paving materials for many decades in various parts of the 

world. Polymer fibers have high tensile strength relative to asphalt mixtures, and thus, have the potential 

to improve the cohesive and tensile strength of bituminous mixes and prevent crack propagation in the 

resulting composite. The most commonly used polymer fibers are polyester, polypropylene, aramid, and 

various combinations of these. There has, however, been less attention to the incorporation of fibers in 

asphalt mixes to improve resistance to thermal cracking, an application that would prove extremely 

beneficial for road construction in cold climates.  

The objective of this research is to evaluate the effectiveness of adding polymer fibers to hot mix asphalt 

to increase its resistance to thermal cracking. For this purpose, three different types of polymer fibers 

including aramids, polyethylene terephthalate (PET) and polyacrylonitrile (PAN), in different sizes, were 

added to conventional hot asphalt mixes. The resulting samples were compacted in the laboratory and 

their mechanical properties were compared to conventional hot mix asphalt. 

Keywords: fiber modified asphalt, aramids, PET, PAN, fracture energy, tensile strength, thermal cracking 
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INTRODUCTION AND BACKGROUND 

Asphalt concrete withstands forces very well in compression but not in tension (Mcdaniel, 2015). 

Therefore, there is ongoing research to improve the tensile strength performance and thus, the service 

life of asphalt pavement. The addition of specific fibers to asphalt mixes is one possible solution for 

increasing asphalt tensile strength and consequently, improving its resistance to cracking (Muftah et al. 

2017, Park et al. 2015). Thermal cracking is a distress that is particularly concerning in asphalt pavements 

in cold regions, including Canada, because the pavement is not only subjected to vehicle loading but also 

to thermal stresses during cold seasons (Zofka et al. 2011, Jung and Vinson, 1994).   

Fibers have already been used to reinforce paving materials for many decades in various parts of the world 

(Abtahi et al. 2010, Klinsky et al. 2018) and their main application in asphalt mixes has been to prevent 

drain-down of the binder from the aggregate particles (Tripathi, 2018). Polymer fibers have high tensile 

strength relative to asphalt mixtures and thus have the potential to improve the cohesive and tensile 

strength of bituminous mixes and prevent crack propagation in the resulting composite (Park et al. 2015, 

Kaloush et al. 2018, Yee et al. 2015). The most commonly used polymer fibers are polyester, Polyethylene 

Terephthalate (PET), polypropylene, aramid, and combinations of these (Muftah et al. 2017; Hatta and 

Hashim, 2017; Button and Hunter, 1984; Piggott, 2016). However, there has not been an adequate 

literature review on the incorporation of fibers in asphalt mixes to improve resistance to thermal cracking, 

an application that would be extremely beneficial for road construction in cold climates. The appropriate 

specifications and material characteristics to ensure the best performance of asphalt mixes containing 

fibers in cold climates and under different traffic loading conditions have also not been widely investigated 

(Yee et al. 2015). 

There is a broad discussion about the use of different fibers in asphalt mixes in the literature (Mcdaniel, 

2015; Abtahi et al. 2010; Slebi-Acevedo et al. 2019; Xu et al. 2010). The main drawbacks of natural fibers 

for this application are not only that they are affected by water, which reduces their limited tensile 

strength and stiffness, but also are subject to attack by fungi and have a high absorption of binder, which 

is not cost effective. For synthetic polymers, the melting point needs to be considered because this might 

result in a serious loss of desirable physical properties, such as a reduction in strength. Inorganic materials, 

such as asbestos, have been widely used for many years but are limited due to the associated health 

hazards. Glass fibers have a high tensile modulus, but are very brittle and easily broken during the 

construction stage. Finally, carbon fibers can be very strong (60 GPa) but their cost and low modulus (70 

GPa) limit their usage. 

The addition of polyester fibers to asphalt mixes has resulted in enhancement of the fatigue properties 

(Dehghan and Modarres, 2017; Barman et al. 2018), tensile strength (Park et al. 2015, Vasconcelos and 

Bernucci, 2012; Chen and Lin, 2005), and freeze-thaw resistance (Xu et al. 2010), while decreasing cracking 

potential (Park et al. 2015; Chen and Lin, 2005; Maurer and Malasheskie, 1989) and rutting distress 

(Tripathi, 2018; Kaloush et al. 2018). The use of a blend of polypropylene and aramid fibers in an asphalt 

mixture in an airport pavement in a cold climate was estimated to result in an increase in the service life 

of 8 years, which could yield a 33% decrease in CO2 emissions (Stempihar et al. 2012). Finally, PET fibers, 

that is part of a group of polyesters, are affordable fibers that show similar or better improvements in 
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asphalt mixes (Ahmad et al. 2017). Beyond the consideration of its mechanical properties, PET use may 

help to reduce the impact of waste plastic material by re-using waste materials (Usman et al. 2016). 

OBJECTIVE AND SCOPE 

The objective of this paper is to analyze the impact of fibers on the cracking resistance of asphalt mixes at 

intermediate and low temperatures. For this purpose, a mix design was prepared for hot mix asphalt and 

the optimum fiber content was determined. To investigate the cracking resistance of asphalt mixes at 

intermediate temperatures, samples modified with fibers were evaluated conducting Indirect Tensile 

Strength test (ITS) by the conditioning the samples using freeze and thaw cycles. To investigate the 

cracking resistance of the fiber-modified mixes at low temperature, an Indirect Tensile Creep Compliance, 

and Strength (IDT) test was performed at -20°C.  

MATERIALS AND MIX DESIGN 

A control asphalt mix was first designed using asphalt cement with a performance grade (PG) of 58-31. 

The aggregate grain size distribution of the control mix is shown in Table 1. The properties of the control 

mix are summarized in Table 2.  

Table 1: Combined Aggregates Gradation of Control Mix 

  Sieve size(mm)     

Aggregate 12.5 10 8 6.3 5 2.5 1.25 0.63 0.315 0.16 0.08 

% passing 1 0.983 0.885 0.754 0.648 0.49 0.395 0.327 0.202 0.103 0.051 

 

Table 2: Mix Design and Volumetric Properties 

Mix Design Properties Actual Specifications 

Number of gyrations 100.0 100.0 
Asphalt Cement (A.C.)% of Total Mix 5.5 - 

Gmm ( kg/m3) 2431.0   

Gmb ( kg/m3) 2337.0   

Air Voids (%) 3.9 3.6 - 4.4 

VMA (%) 14.9 13  

VFA(%) 73.8 70 - 80 

%Gmm @ Nmax 96.8 98.0 max. 

Dust /AC 1.0 - 

 

The HMA was modified with three types of fibers. These are PET fibers, uncoated aramid fibers, and 

polyacrylonitrile (PAN) fibers, which are shown in Figure 1. The basic properties of fibers are given in Table 

3. 
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Table 3: Fiber properties 

Fiber(s) Aramid Fiber PET fiber PAN fiber 

Length (mm) 38±1.3 6±1.5mm 6mm±1mm 

Density (g/cm3) 1.44-1.45 1.41 1.18 
Tensile Strength (MPa) > 2758 ≥500 600 

Softening point (°C) > 425 ≥256 ≥220 

 

 

 

 

 

 

 

 

 

Figure 1: Photo of fibers selected for the study: (a) polyacrylonitrile(PAN) fibers (b) polyethylene 
terephthalate (PET) fibers (c) uncoated aramid fibers 

According to (Abtahi et al. 2010), the most common methods for introduction of fibers in HMA samples 

are the wet process and the dry process. In the first case, fibers are blended with the binder previous to 

the addition of it into the traditional asphalt mixing process; but in the other case, fibers are mixed with 

aggregates prior to the addition of binder. In both cases, there is a random inclusion of fibers into the 

bucket mixer. 

For the present work, the dry process was followed, with a minor change. Instead of mixing the dry 

aggregate with the fibers prior to the addition of binder, the standard mixing process between the 

aggregate and the asphalt binder was followed. Once the aggregates were perfectly coated after 1-minute 

on average, fibers were gradually introduced into the mixing bucket until they were coated completely. 

In total, the mixing time was 2-2.5 min. This approach allowed better control of some drawbacks such as 

binder absorption of fibers. 

Optimum Fiber Content 

The appropriate amounts of each type of fiber were selected based on the maximum allowable air void 

content of the modified mix. The binder content was kept constant, to allow for comparison between the 

properties of the modified mix and control mix. Table 4 shows the effect of the addition of different 

amounts of PET fiber to the asphalt mix.  From the table, it can be concluded the maximum value for PET 
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fiber should be 0.1% by weight of mix to maintain the target void content of three to five per cent. To 

increase the PET content to 0.2%, the mix design should be modified by adding 0.5% of asphalt cement. 

Table 5 shows the impact of adding PAN fiber to the volumetric properties of the asphalt mix. From Table 

5, the trend shows that the air voids content increased as the percent of PAN content increased. The 

maximum amount of PAN fiber to maintain the allowable air void content was calculated as 0.065% by 

the total weight of the mix. 

Table 4: PET fiber content (percentage by weight), air void content and its increment in (%) binder 

Type of Fiber Fiber content (%) Binder Content (%) Gmb Air Void (%) 

PET fiber 

0.5 5.5 2.24 7.82 

0.4 5.5 2.25 7.45 

0.3 5.5 2.30 5.59 

0.2 5.5 2.29 5.62 

0.1 5.5 2.34 3.82 

0.065 5.5 2.35 3.48 

PET fiber 

0.4 6.0 2.27 6.81 

0.3 6.0 2.31 4.79 

0.2 6.0 2.34 3.62 

 

Table 5: PAN fiber content (percentage by weight), air void content and its increment in (%) binder 

Type of Fiber Fiber content (%) Binder Content (%) Gmb Air Void(%) 

PAN fiber 

0.4 5.5 2.22 8.58 

0.3 5.5 2.27 6.43 

0.2 5.5 2.29 5.79 

0.1 5.5 2.30 5.44 

0.065 5.5 2.33 3.97 

PAN fiber 
0.3 6.0 2.13 5.25 

0.2 6.0 2.32 4.62 

 

Aramid fibers are the most expensive of the three types of fibers used.  Taking this into account, the 

addition of aramid fibers was restraint by the optimal PAN fiber content (0.065 %wt). After running some 

tests with 0.065%wt of Aramid fibers, there was an improvement in mechanical properties of asphalt 

concrete (AC) mixes, without any affection on the air void content of the mix. From this outcome, the 

amount of aramid fibers used was reduced 10 times, testing Asphalt Concrete mixes with a comparative 

dosage of 0.00065% by weight. 
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INDIRECT TENSILE TEST (ITS) 

Sets of three different samples for each type and amount of fiber were prepared and tested following the 
standard AASHTO T-283 (AASHTO T-283, 2016). One set of three samples was tested in dry conditions, 
and another set of three was tested after conditioning. For conditioning, the samples were saturated in 
water and subjected to a single freeze-thaw cycle (AASHTO T-283, 2016). The saturated samples were 
sealed in a plastic package and stored in a freezer for 16 hours at -18°C. After that, the samples were 
placed in a warm water bath at 60°C for 24 hours. Then, they were placed in a water bath at 25°C for two 
hours. Finally, an ITS test was conducted at room temperature (25°C)  by applying a constant rate of 
vertical deformation (50.8 mm/min) until the sample failed.  Figure 2 shows wrapped samples in the 
freezer, as well as a sample undergoing the testing procedure. 

The moisture susceptibility of AC mixes indicates the potential damaged by water, which affects the bond 
between the aggregates and asphalt binder, precipitating the occurrence of distresses such as raveling 
and cracking (Ahmadinia et al. 2012). 

The results of the ITS test are shown in Table 6. As it can be seen in the table, the changes in tensile 

strength of the fiber-modified samples are not significant compared with the control mix. Additionally, 

the tensile strength ratio (TSR) for each sample is above 75%, indicating that all mixes may have adequate 

resistance against damage induced by moisture. From literature review, minimum TSR values are above 

70-75% (Ahmadinia et al. 2012, Klinsky et al. 2018, Alberta Transportation, 2002). 

 

 

 

 

 

 

Figure 2: ITS test process: (a) frozen samples, (b) application of force to the sample, and (c) a broken 
sample 

Table 6: ITS test result for fiber modified and unmodified samples 

Mixture  

Dry Saturated   

Maximum 
Load (N) 

Tensile 
Strength (kPa) 

Maximum 
Load (N) 

Tensile 
Strength (kPa) 

Tensile 
Strength Ratio 

NO FIBER, 5.5% binder  9575.3 943.1 12728.7 1272.5 1.3 

0.0065% ARAMID, 5.5% binder  9522.7 945.2 12624.0 1140.8 1.2 

0.065% ARAMID, 5.5% binder  12170.3 1202.7 12624.0 1252.6 1.0 

0.1% PET, 5.5% binder  12194.3 1188.5 11607.3 1150.0 1.0 

0.065% PAN, 5.5% binder  10300.0 1026.7 11358.7 1121.3 1.1 

0.2% PAN, 6.0% binder  10786.3 1059.0 9971.7 979.9 0.9 

0.3% PET, 6.0% binder  12506.3 1219.2 8158.7 793.3 0.7 
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Determination of Cracking Tolerance Index of Asphalt Mixtures (IDEAL CT Test) 

The standard ASTM D8225-19 (Road and Materials, 2019) was used to calculate the cracking resistance of 

the asphalt mixtures, based on fracture mechanics theory. The cracking index or CT index is obtained from 

the fracture energy (Gf), which has a proportional relationship to the cracking resistance and is defined 

as: 

𝐶𝑇𝐼𝑛𝑑𝑒𝑥 =
𝑡

62
∗
𝑙75
𝐷

∗
𝐺𝑓

|𝑚75|
∗ 106 

 
Where CTIndex is the cracking tolerance index, t is the specimen thickness (mm), l75 is the displacement at 
75% of the peak load after the peak (mm), D is the specimen diameter (mm), Gf is the fracture energy 
(J/m2), and m75 is the post-peak slope around the 75% peak load point after the peak (N/m). Further 
reference of parameters is shown in Figure 3.   

 

 

 

 

 

 

 

 

 

Figure 3: Parameters within the force-displacement curve, ASTM D8225 (Road and Materials, 2019)   

The work of fracture (Wf) is estimated as the area under the force-displacement curve (see Figure 3). The 

fracture energy (Gf) is calculated by dividing the work of fracture (Wf) by the cross area of the specimen 

(the product of the diameter and thickness of the sample).  

For calculation of the cracking tolerance index (CT index), force versus vertical displacement graphs from 
the dry ITS test were used (Figure 4).  The results of the calculation are shown in Table 7. 
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Figure 4: Force-Displacement curve: work of failure (Wf) - area under the curve 

Using Figure 4, three parameters were determined through the CT Index calculation, the energy dissipated 

up to the point of maximum load (pre-cracking energy),   the energy dissipated after the point of maximum 

load (post-cracking energy) and the total energy: that is, the sum of the previous two values. In general, 

the pre-cracking energy is an indicator of the cracking resistance, the post-cracking energy is an indicator 

of cracking propagation and total energy is a good indicator of the cracking potential of asphalt concrete 

(AC) mixes (Park et al. 2015, Vasconcelos and Bernucci, 2012). 

The results of the calculation are given in Table 7, it can be seen that there was a significant difference 

between the fracture energy of the fiber-reinforced asphalt mixes compared to the control mix. Aramid 

fiber (0.065%wt) and PET fiber (0.1%wt) showed a significant increase in fracture energy (between 70% 

to 100%  for the same binder content). This indicates that the addition of these fibers retarded crack 

propagation in the tested samples. Comparing the CT indices for the mixtures, the CT index of aramid- 

and PET-modified mixes are 3.2 and 1.9 times greater than the CT index of the control mix. The PAN fiber 

(0.065%wt) and Aramids (0.0065%wt) modified mixes, minimum differences were observed in the CT 

indeces that were still 160% and 230% higher  compared to the control mix. The table shows that using 

higher amounts of PAN fibers, will improve the cracking resistance, but increasing the binder content (see 

Table 5). Finally, post-crack toughness for Fiber Reinforced Asphalt Concrete (FRAC) mixes increased from 

20% to 120% compared to the control mixe; however, there was no significant change in the pre-crack 

toughness. 

 

 

0

2

4

6

8

10

12

0 2 4 6 8 10 12

F
o

rc
e

 (
k
N

)

Displacement (mm)

ARAMID
0.065%_5.5%Binder

PAN
0.065%_5.5%Binder

PET
0.1%_5.5%Binder

NO
FIBER_5.5%Binder

Gf: Work of 

Fracture: Area 

under the curve 



10 
 

Table 7: CT Index results for different fiber mixes 

MIXTURE  
Pre-crack 
Toughness 

Post-crack 
Toughness 

Work of Failure 
(kN.mm) 

Fracture 
Energy (J/m2) 

CT 
Index  

NO FIBER, 5.5% binder  7.9 14.0 21.8 3374.9 17.3 

0.0065% ARAMID, 5.5% binder  9.4 16.7 26.1 4058.6 39.5 

0.065% ARAMID, 5.5% binder  11.2 32.2 43.4 6731.4 73.1 

0.1% PET, 5.5% binder  12.7 24.7 37.5 5736.1 51.0 

0.065% PAN, 5.5% binder  10.3 18.4 28.8 4502.9 27.9 

0.2% PAN, 6.0% binder  11.9 27.3 39.2 6039.6 108.9 

0.3% PET, 6.0% binder  15.6 39.0 54.6 8360.0 188.1 

 

INDIRECT TENSILE CREEP COMPLIANCE AND STRENGTH (IDT) TEST 

Indirect tensile strength and creep compliance of HMA mixes are the two main outputs of the IDT test 

based on AASHTO T322-07 (AASHTO T322, 2011). For this test, different sets of fiber-modified mixes and 

the control mix were prepared using a gyratory compactor. Each set of specimens was conditioned for 

three hours at -20°C and then tested using an IPC Global Universal Testing Machine (UTM-100). The 

cylindrical specimens were loaded vertically to a target creep load of 1 kN for 100 seconds, after which 

the IDT test was conducted at a loading rate of 12.5 mm/min.  Specimen displacement was measured 

using horizontal and vertical linear variable differential transducers (LVDTs) mounted on brass gauge 

points with a gauge length of 75 mm on each face of the specimen (see Figure 5). 

  

 

 

 

 

 

 

Figure 5: (a) IDT samples, (b) test configuration 

Figure 6 shows a qualitative comparison between a cracked fiber modified sample and the control mix 

after an IDT test. As can be seen in the figure, unlike the control mix, the fiber-reinforced mixes were not 

completely separated after cracking. The samples modified with PET (0.1 % by weight) and aramid (0.065 

% by weight) showed the best fracture performance in terms of slowing down crack propagation. 
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Figure 6: IDT test results at -20°C: (a) control mix, (b) PET (0.1 %wt) and aramid (0.065 % wt) fiber 
modified mix   

The summary of IDT test results is given in Table 8. From this table, the tensile strength for fiber modified 

mixes does not show a significant difference compared to the control mix. However, all fiber modified 

samples have higher fracture energy compared to the control mix at -20°C, with the exception of the 

samples modified with PAN. This shows that, in some cases, the fiber modified samples are more resistant 

to cracking at low temperature compared to the control mix. 

Table 8: Work and fracture energy of mixes containing different types and amounts of fiber 

MIXTURE  
Tensile strength 
(MPa) 

Pre-crack 
Toughness 

Post-crack 
Toughness 

Work 
(kN.mm) 

Fracture 
Energy (J/m2) 

NO FIBER, 5.5% binder  
3.689 38.5 11.4 49.9 8630.6 

0.0065% ARAMID, 5.5% binder  
4.022 37.1 29.4 66.5 9319.3 

0.065% ARAMID, 5.5% binder  
3.029 30.9 53.8 84.8 13083.6 

0.1% PET, 5.5% binder  
3.571 36.3 40.3 76.7 11756.9 

0.065% PAN, 5.5% binder  
3.472 34.6 26.7 61.3 8824.5 

 

CONCLUSIONS AND FUTURE WORK 

The conclusions of this study are summarized as follows: 

1- After increasing the amounts of PET and PAN fibers into the mix, from 0.065% to 0.6% by the total 

weight, the results show fiber-modified mixes required a higher binder content because most of 

them present larger air voids content than the targeted content. The maximum amounts for mixes 

modified with PET and PAN fibers to maintain the same binder content as the control mix were 

0.1% and 0.065% by the total weight of the mix, respectively. The addition of aramid fibers until 

the tested amount of 0.065%wt did not affect the volume of the mix. The results conclude that at 

the different fiber dosage used, there was no change in the mix design. 
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2- ITS test results showed that the addition of fibers did not significantly increase the tensile strength 

of the asphalt mixes. PET (0.1% by total weight), PAN ( 0.065% by total weight), Aramid ( 0.065% 

and 0.0065% by total weight) fiber-modified mixes  were resistant to moisture after freeze/thaw 

conditioning. 

3- The comparison among the fracture energy and CT indices of fiber-modified mixes with the 

control mix showed that the addition of fibers has significantly improved the cracking resistance 

of the asphalt mixes. Aramid (0.065%wt) and PET (0.1%wt) fiber-modified mixes had the most 

significant improvement in both parameters.  

4- Findings from IDT test at -20°C showed that at low temperatures, the crack propagation of 

modified samples is slowed down by the fibers, especially for PET (0.1%wt) and Aramid 

(0.065%wt). In addition, the fracture energy of fiber-modified mixes was significantly higher 

compared to the control mix, which demonstrates the higher cracking resistance of the modified 

mixes. 

5- Testing at room temperature (25°C) and at low temperature (-20°C) concludes that fibers work 

actively, especially after the cracking starts. The post-crack toughness values collected after 

running all tests improved up to 80%, limiting the crack propagation once the crack starts. 

Future performance tests are needed to better understand the effects of fiber added to the asphalt 

concrete mixes. These tests could include dispersion analysis, fatigue cracking, rutting tests and IDT tests 

at other temperatures, which may give a better understanding of the fiber-reinforced mixes at high and 

low temperature. 
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