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Abstract: Fibers in asphalt mixtures have been adopted to improve road pavement performance
for constructing new pavements and rehabilitating existing pavements. Fibers in asphalt mixtures
improve flexural strength and toughness, reducing cracking and rutting in asphalt pavements.
Because there is a continuous need to enhance pavement performance, and using fibers is a good
strategy for this improvement, this paper aims to discuss how aramid fibers can improve asphalt
pavements’ fatigue and rutting performance by studying the behavior of asphalt binders modified
with fibers.
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1. Introduction

Asphalt mixtures reinforced with fibers can be adopted to improve pavement per-
formance. Fibers have been used to strengthen paving materials for decades [1,2]. They
are commonly used in Stone Matrix Asphalt (SMA), porous asphalt mixtures, and open
gradation asphalt mixtures to mitigate binder drain-down [3,4]. Incorporating fibers can
improve fatigue cracking and the permanent deformation resistance of asphalt mixtures [5].

Cracking is the primary concern for road pavements [6]; so, identifying a potential
material to reduce cracking can be very beneficial. Due to their inherent compatibility with
the asphalt binder and better mechanical properties, fibers offer an excellent resource for
reinforcing asphalt mixtures [7]. Many types of fibers are available for incorporation into
asphalt mixtures. Cellulose and mineral fibers are commonly used in gap-graded SMA and
open-graded or porous mixtures [8]. Polypropylene and polyester fibers have been used in
dense-graded asphalt mixtures and are still somewhat used in SMA [9]. Various polymers
and steel wool fibers have been added to asphalt mixtures [10]. Recently, aramid fibers
have been used to reinforce asphalt mixtures due to their strength [11].

Research has been conducted to study the impact of aramid fibers on asphalt mixtures
and road pavements, mainly to reduce pavement cracking and rutting. An extensive testing
program was carried out by [7], where they performed binder and mixture characterization
tests. They performed triaxial strength, permanent deformation, dynamic modulus, fatigue
cracking flexural strength indirect tensile and cracking propagation tests for asphalt mixture.
Despite the conclusions obtained where it is visible that the asphalt mixture improves
performance using aramid fibers, some aspects should be studied to clarify the effect of
these fibers that are characterized by a diameter less than 0.1 mm, and high strength. Their
length varies from around 20 mm to 50 mm, influencing how fibers support the distress
modes. So, this paper contributes to understanding how fibers work on fatigue and rutting
by looking at the behavior of asphalt binders with aramid fibers.
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2. Materials

This work was carried out using 0.012 mm diameter aramid fibers with three different
lengths, namely 25, 38, and 50 mm. These lengths suit asphalt mixtures with 12.5, 19,
and 25 mm maximum aggregate sizes. These fibers were mixed into asphalt binder in
0.12%, 0.14%. 0.17% and 0.20% by weight of binder, meaning 12 asphalt binders were
produced. They were tested for rheological properties through the MSCR (Multiple Stress
Creep and Recovery), LAS (Linear Amplitude Sweep), and shear complex modulus tests,
as represented in Figure 1. Test specimen names were defined based on the fiber content
and fiber length, such as C12L.25, meaning that fiber content is 0.12% and the fiber length is
25 mm. The SF specimen refers to asphalt binder without fibers, used as reference. The
35/50 pen asphalt binder was used.

[ Asphalt fiber aramid production | | Rheological tests |
12125 20138 MSCR
[ 0.12%, 0.14%, 0.17% , 0.20% | C14125 C12L50 Complex Modulus (|G*|)
C17125 C14150 LAS
20125 C17L50
C12138 C20150
C14138 | SF (REFERENCE)
17138

Figure 1. Testing program.

Aramid fibers with a melt temperature greater than 500 °C were added to the asphalt
binder by the wet process, mixing them on the hot asphalt (150 °C), as observed in Figure 2
(left), obtaining test specimens as observed on the right-hand part of the figure. Aramid
fibers do not melt in the asphalt. The 8 and 25 mm diameter specimens were cut from the
hot-prepared samples to be used in a dynamic shear rheometer, where tests were performed.
A 1 mm gap was set in the rheologic tests.

Figure 2. Specimen preparation.

3. Results

MSCR tests were carried out on all specimens to obtain the fiber-modified binder
recovery. The evolution of the shear strain during the test for an applied 3.2 kPa shear
strain is presented in Figure 3, where it is possible to observe a minimal recovery obtained
in this experiment. It was expected for the base bitumen. The presence of fiber reduced the
accumulation of rutting more than that obtained for the case without fibers. It can also be
observed that longer fibers and their content minimize the accumulation of rutting.
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Figure 3. MSCR test results.
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LAS tests on all specimens produced the results presented in Figures 4 and 5, where
a significant difference is visible between the cases studied in terms of curve slopes and
energy (Figure 4). In terms of C-S characteristic curves (Figure 5), different behaviors are
visible, meaning that the presence of fiber influences the asphalt-binder behavior. It is also
observed that increasing the fiber’s content and length has a positive effect on the cracking
resistance of the binder, meaning that there is an expected improvement of the fatigue

resistance of the asphalt mixtures.
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Figure 4. LAS stress—strain curves.
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Figure 5. LAS C-S characteristic curves.

30 35

Cl14L25

C12L38

C20L38

C17L50

Tests to obtain the complex shear modulus (Figure 6) show a slight variation of the
modulus amount in the different case studies (fiber content and length). These master
curves were obtained for 20 °C using the WLF model. All asphalt binders with fiber seem
to exhibit the same complex shear modulus as the reference asphalt binder.
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Figure 6. Complex shear modulus master curves for 20 °C.

Despite the minor differences observed in the master curves, they are represented in a
log-log scale which means that these minor differences represent significant variations in
the complex shear modulus. There is a crossover frequency where all master curves cross,
around log(—3.0) Hz.

4. Conclusions

This paper presented a procedure to assess the behavior of asphalt binders with aramid
fibers where those fibers were added to the asphalt while wet and proceeded to produce
specimens for dynamic shear tests, namely, to evaluate the creep and recovery response,
linear analysis, and complex shear modulus.

The developed process seems useful for adding aramid fibers to the asphalt binder.
Still, the dispersion of the fiber into the asphalt binder is problematic due to the micro-
scopic fibers” diameter. This problem also appears in the asphalt mixtures and should be
carefully treated.

Based on the results obtained from this experimental procedure, it is possible to
conclude that a longer and higher content of aramid fibers in the asphalt binder improves
fatigue and rutting resistance.
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