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Use of Polymer Fiber to Improve Resistance to Rutting
and Stripping for HMA with RAP

By Hani Alzeraie”, Ashraf Rahim*, Shadi Saadeh’,
Chase Plager® & Aaditya Ojha°

A great percentage of highways and roads in California are constructed with Hot
Mix Asphalt (HMA) and, as California infrastructure ages, these highways and
roads must be maintained and rehabilitated. Reclaimed Asphalt Pavement (RAP)
is considered an excellent alternative to virgin (raw, unprocessed) materials
because it reduces the use of virgin aggregate and binder. Also, the use of RAP
decreases the amount of construction waste placed into landfills. This laboratory
study investigated the effect of two different polymer fibers on the mechanical
properties of HMA with RAP. Three different HMA with RAP mixes were used in
the study. One mix that is commonly utilized on the Central Coast of California
contained 15% RAP while the second and third mixes contained 25% and 40%
RAP. Three different fiber dosages (0.05%, 0.10% and 0.15% of the total mix)
were investigated. Specimens were prepared and tested for rutting and moisture
sensitivity using Hamburg Wheel Tracker (HWT). Test results showed that adding
fibers improved resistance to rutting for mixes with RAP content higher than 25%.
Also, adding fibers improved mixes resistance to moisture damage. In addition,
one of the two fibers used in the study outperformed the other. Overall, results
indicate that adding polymer fibers to HMA mixes containing RAP has the
potential to improve mixes resistance to rutting and moisture damage depending
on fiber dosage and type. This study offers information valuable to the maintenance
and rehabilitation of roads and highways.
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Introduction

Continuous road and highway construction is creating a scarcity on the limited
source of natural aggregates. To conserve these non-renewable resources, reclaimed
asphalt pavement (RAP) is being used in hot mix asphalt (HMA) at a small
percentage all over the United States (Sabahfar et al., 2016). The source of RAP has
more impact on the cracking performance of HMA than the quantity of RAP
(Sabahfar et al., 2016). One of the methods of performance improvement of HMA
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is to modify the asphalt binder. Among several modification methods, fiber
modification of asphalt binder has gained great attention to researchers. However,
the choice of fiber type is not limited.

Corn and cotton straw fibers were used in the study of Wang et al. (2023) and
the effect of fiber types on the performance of asphalt binder were investigated.
Asghar and Khattak (2022) investigated the impact of different aggregate gradations
on the fracture characteristics of Polyvinyl Alcohol (PVA) fiber modified HMA.
Carbon Nano-fiber (CNF) modified HMA mixtures show significant improvement
in terms of fatigue life and resistance to permanent performance. However, CNF
modification does not affect the toughness characteristics and indirect tensile
strength (Khattak et al., 2013).

Behnia et al. (2023) investigated the low temperature cracking behavior of
aramid fiber (a kind of organic polymer) modified asphalt mixtures. Klinsky et al.
(2018) used a mixture of polypropylene and aramid fibers to modify dense graded
HMA and compared the mechanical characteristics with a control mix with no fiber.
The results showed that fiber modified HMA can perform better in terms of rutting
resistance and fatigue cracking resistance, but in terms of moisture resistance fiber
modified HMA showed similar result to conventional HMA.

Khan et al. (2023) compared four types of fiber - carbon, fiberglass, basalt, and
polyolefin/aramid (PFA) mix using two different binder grades, PG 58-28
unmodified and PG 7622 polymer modified binder.

The research of Calabi-Floody et al. (2022) indicated polymer fibers processed
from End-of-Life Tyres (ELT) can significantly improve mechanical performance
of HMA.

Ceramic fiber can be another potential modifier for asphalt binder. Arabani and
Shabani (2019) modified binder with 1%, 3%, and 5% of ceramic fibers content and
investigated the effect of modification on both binder and mixture level. The tests
concluded that ceramic fiber modification has a positive effect on high temperature
rutting resistance, but negative impact on low temperature cracking resistance. The
study also concluded the optimum ceramic fiber content to be 3%.

Waste paper fiber, which is a cellulose base fiber, can also be used for fiber
modification. The study of Hameed et al. (2021) concluded that incorporation of
waste paper fiber up to 0.7% can decrease penetration by 45% and increase softening
point by 27%.

In general, regardless of the fiber type, use of fibers require higher optimum
binder content as the light components of binder are absorbed by the fiber (Slebi-
Acevedo et al., 2019). Again, all fibers can have a positive impact on the mechanical
properties of asphalt mixtures when used at their optimum content.

Very little information is available in the literature on the effect of fiber modification
along with RAP incorporation. Therefore, evaluation of fiber reinforcement in HMA
that contains high percentage of RAP is recommended. Should the addition of polymer
fiber proves successful in improving the performance of HMA with high RAP contents,
it will help in preserving the natural resources for future generations.

100



Athens Journal of Sciences June 2026

Objective

The primary objective of this study is to investigate the effect of two different
types of polymer fibers on the resistance to rutting and moisture damage of HMA
containing various RAP percentages, specifically 15%, 25%, and 40%. The outcome

of this study will help pinpoint the most effective fiber type and dosage for various
RAP contents.

Methods

Materials

This study investigated three distinct HMA mixtures, each incorporating a
different percentage of RAP. The first mixture contained 15% RAP utilizing a PG
64-10 asphalt binder with an optimum binder content of 5.6% by mix total weight
was supplied by CalPortland. The second and third mixtures contained 25% and
40% RAP utilizing a PG 58-22 asphalt binder and were supplied by Granite
Construction. As per the provided JMFs, the 25% RAP mix had an optimum binder
content of 4.8%, whereas the 40% RAP mix was formulated with a slightly higher
optimum binder content of 5.2%.

Detailed aggregate gradations employed in these mixes are summarized and
presented in Table 1.

Table 1. Gradation of combined Aggregate Blend for the Mixtures used in the Study

Sieve 15% RAP 25% RAP 40% RAP
Size (% Passing) (% Passing) (% Passing)
1in 100 100 100

¥ in 100 98 98

V2 in 97 83 82
¥gin 83 74 73

#4 51 52 51

#8 38 33 32

#16 27 22 22

#30 18 15 16

#50 11 10 11
#100 6 6 8
#200 33 43 5.5

Two types of polymer fibers, that are commercially available were investigated.
As shown in Figure 1, Fiber A was a wax-coated para-aramid fiber (maximum 37%
by weight) and Fiber B was a para-aramid fiber treated with a liquid emulsion binder
(maximum 25% by weight), both of which were manufactured by Surface Tech.
These fibers were added to the HMA mixtures at three different dosages: 0.05%,
0.10%, and 0.15% of the total HMA weight. Control mixtures, without any fiber
addition, were also prepared for each RAP content to serve as a baseline. It is noted
that the 40% RAP mixture was only tested for Fiber Type-B.
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Figure 1. Fibers used for the Study: Aramid

The naming for the samples in this study includes the RAP content, fiber type,
and fiber dosage. For example, "15-A0.10" indicates a mix with 15% RAP with
Fiber A, and 0.10% fiber content. Control samples are labelled with a "C", such as
"25-C", representing a mix with 25% RAP and no fiber.

Specimen Preparation

For the HWT test, cylindrical specimens with a diameter of 150 mm and a
thickness of 60 mm = 1 mm were prepared. Samples were molded to have their air
void content within 7.0% + 0.5%. The specimen preparation involved several key
steps. First, all aggregates were dried to a constant weight. Then, aggregates were
batched according to the JMF. The batched aggregates, including RAP, and asphalt
binder were heated to the specified mixing temperature, which varied based on the
PG binder grade. Heated aggregates were introduced into a mechanical mixer.

The binder and, for modified mixes, the fiber additives were then added and
mixed until all particles were uniformly coated. The loose HMA mixture was
subjected to short-term aging(conditioning) for two hours to simulate aging during
plant production and hauling. Finally, the conditioned mixture was compacted in
the Superpave gyratory compactor to the target air void level in accordance with
AASHTO T 312.

Results and Discussion

The HWT test was performed on all HMA mixtures to evaluate rutting and
stripping resistance and detailed numerical data and analysis for the different
mixtures used in the study are presented in the subsequent sections.

Mixtures with 15% RAP

Resistance to Rutting

Two fiber types (A and B) were added in three different percentages to HMA
mix containing 15% RAP. Figure 2 presents the average rut depth measured after
15,000 passes. Fiber B at 0.05% and 0.15% slightly improved resistance to rutting
compared to the control mix. Also, rut depth for mixes with fiber B performed better
than mixes with fiber A at fiber percentages lower than 0.15%. However, fiber A
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had a negative effect on rutting resistance for HMA with 15% RAP.

Figure 2. Effect of Fiber Type and Content on Rut Depth for HMA with 15% RAP
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Resistance to Stripping

Inflection points can be used to evaluate stripping potential. If the stripping
inflection point occurs at a low number of load cycles (e.g., less than 10,000), the
HMA mixture may be susceptible to stripping. Figure 3 presents the average number
of passes at inflection point for HMA mix containing 15% RAP and different fiber
types and contents. Results showed that adding both types of fibers resulted in an
increase in the number of passes before reaching the inflection, an indication of
improved resistance to stripping. All mixes, including the control mix, resulted in
number of passes higher than the 10,000-threshold.

Figure 3. Effect of Fiber Type and Content on Inflection Point for Mixes with 15%
RAP
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HMA with 25% RAP

Resistance to Rutting

Figure 4 presents the average rut depth measured after 15,000 passes. Fiber B
at 0.10% and 0.15% slightly improved resistance to rutting. However, fiber A had a
negative effect of rutting resistance for HMA with 25% RAP. Also, as was observed
for HMA with 15% RAP, mixes containing fiber B outperformed those containing
fiber A.

Figure 4. Effect of Fiber Type and Content on Rut Depth for HMA with 25% RAP
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Figure 5 resents the average number of passes at the inflection point for HMA
mix containing 25% RAP and different fiber types and contents. Results showed
that adding both types of fibers resulted in an increase in the number of passes before
reaching the inflection point, an indication of improved resistance to stripping.
However, both fiber types performed almost equally for HMA with 25% RAP
content. All mixes, including the control mix, resulted in number of passed higher
than the 10,000-threshold.
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Figure 5. Effect of Fiber Type and Content on Inflection Point for Mixes with 25%

RAP
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ANOVA Analysis

An Analysis of Variance (ANOVA) was conducted using statistical analysis
software Minitab. The response variables that were investigated were limited to rut
depth at 15,000 passes and number of passes at the inflection point.

Rut Depth for Fiber A vs Fiber B

To compare the performance of Fiber A versus Fiber B, the 15% and 25% RAP
data were combined and sorted into two groups. Results from ANOVA analysis
showed fiber B group had a lower mean rut depth at 15,000 passes than fiber A, as
seen in Table 2. The difference between the means is statistically significant at the
95% confidence level (see Table 2).

Table 2. Mean Rut Depth at 15,000 Passes for the Fiber A and B Groups

Fiber Type Mean Rut Depth at 15,000 Passes (mm)
A 3.98
B 3.10

Table 3. Differences in Mean Rut Depths at 15,000 Passes and Confidence Intervals
for Fiber A and B Groups

Difference of Means SE of Difference (mm) y Adjusted
(mm) p-value
0.88 0.39 224 0.03

Inflection Point for Fiber A vs Fiber B

Fiber A had a greater mean number of passes at the inflection point than fiber
B, as shown in Table 4. However, the results are not statistically significant at the
95% confidence level, as shown in Table 5. However, the results are statistically
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significant at a 90% confidence level.

Table 4. Mean Number of Passes at the Inflection Point for Fiber A and B Groups

Fiber Type Mean Rut Depth at 15,000 Passes (mm)
A 16,815
B 14,788

Table 5. Differences in Mean Number of Passes at the Inflection Point and Confidence
Intervals for Fiber A and B Groups

Difference of Means SE of Difference (mm) t Adjusted p-value
(mm)
2,027 1,274 1.59 0.10

HMA with 40% RAP

Results for mixes with 15% and 25% RAP indicated that fiber type B
outperformed mixes with fiber type A. Therefore, only fiber type B was used in
HMA with high RAP percentage of 40%.

Resistance to Rutting

Figure 6 presents the rut depth at 15,000 passes for HMA with 40% RAP using
fiber type B added at the same dosages previously used in (i) HMA with 15% and
(i1) HMA with 25% RAP. As seen in Figure fiber type B significantly improved
resistance to rutting in mix that contain high RAP content. The figure also shows
that fiber content of 0.1% resulted in the best resistance to rutting.

Figure 6. Effect of Fiber B on Rut Depth for Mixes with 40% RAP
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Figure 7 presents the average number of passes at the inflection point for HMA
mixes containing 40% RAP and different fiber types and contents. Results show
that adding fiber B at 0.10% resulted in the highest number of passes at inflection
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point. However, fiber B contents of 0.05% and 0.15% resulted in approximately the
same number of passes as the control mix. It is noteworthy to mention that all mixes
resulted in numbers of passes significantly higher than the 10,000 passes threshold
and higher than the 15% and 25% RAP mixes.

Figure 7. Effect of Fiber B on Inflection Point for Mixes with 40% RAP
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Within the 40% RAP group, there was a significant benefit to adding fiber B to
the mix. Adding fiber B at 0.05%, 0.10%, and 0.15% had significantly lower mean
rut depths than the control group at 15,000 passes. Table 6 shows the mean rut
depths at 15,000 passes for each group, and Table 7 shows the difference in means
and confidence intervals between each fiber percentage and the control group within
the 40% RAP group.

Table 6. Mean Rut Depth for the 40% RAP-Fiber B Groups

Group Rut depth (mm) @ 15,000 passes
40% RAP Control 6.05
40% RAP with 0.05% Fiber B 3.61
40% RAP with 0.10% Fiber B 3.35
40% RAP with 0.15% Fiber B 3.00

Table 7. Differences in Mean Rut Depth and Confidence Intervals for 40% RAP-
Fiber B Groups

Difference SE of . 95%,

Group : . Adjusted
Comparison | ™ Means | Difference ) value | Sienificance? Confidence

P (mm) (passes) p g " | Interval
0.05% B — (-5.26, -
Control 271 0.86 -3.15 0.04 Yes 0.16)
0.10% B — (-5.60, -
Control -3.05 0.86 -3.55 0.02 Yes 0.50)
0.15% B - (-5.00, -
Control -2.44 0.86 -2.84 0.05 Yes 011)
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The results were mixed for the effects of fiber on the mean number of passes at
the inflection point for the 40% RAP group. The results show that 0.10% fiber B
performed slightly better than the control group, while the 0.05% fiber B group
performed slightly worse and the 0.15% fiber B group performed significantly
worse than the control group. Therefore, there is 95% confidence that adding 0.15%
fiber B to the mixture would result in a mean number of passes at the inflection point
that is between 8,631 and 17,437 passes lower than the control group. Table 8 shows
the mean number of passes at the inflection point for each group, and Table 9 shows
the difference in means and confidence intervals between each fiber percentage and
the control group within the 40% RAP group.

Table 8. Mean Number of Passes at the Inflection Point for the 40% RAP-Fiber B

Groups
Group # of Passes at the Inflection Point
40% RAP Control 16,806
0 1 o 1
4B0A, RAP with 0.05% Fiber 16,479
0, ] 0, 1
4BO % RAP with 0.10% Fiber 17,770
0 1 o 1
4B0 % RAP with 0.15% Fiber 3772

Table 9. Differences in Mean Number of Passes at the Inflection Point and
Confidence Intervals for 40% RAP-Fiber B Groups

Grou Difference SE of Adiusted 95%
P in Means | Difference L Significance? | Confidence

Comparison t p-value

(passes) (passes) Interval
0.05% B — (-4446,
Control -327 1,318 -0.25 0.99 No 3791)
0.10% B — (-3439,
Control 964 1,409 0.68 0.90 No 5366)
0.15% B - (-17437,
Control -13,034 1,409 -9.25 <0.01 Yes 8631)

Conclusion

This study evaluated the use of two types of commercially available polymer
fiber to improve the resistance of HMA that contains RAP at different percentages
against rutting deformation and cracking at intermediate temperatures. Using three
JMFs that were provided by two pavement construction companies, specimens were
prepared for testing in the HWT. Based on the statistical and other analysis of results
in this study, the following conclusions can be made:

e In general, fiber type B (treated with liquid emulsion) outperformed fiber
type A (wax coated) in enhancing HMA resistance to rutting.
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e For mixes with 15% RAP adding fibers (regardless of the type) did not seem
to improve resistance to rutting as compared with control mix. However,
when increasing RAP content to 25% and 40%, fiber type B enhanced
mixture’s resistance to rutting.

e For mixes with high RAP content (40%), fiber type B significantly improved
resistance to rutting and stripping. Also, fiber B at 0.1% dosage resulted in
the best performance as compared to 0.05% and 0.15% dosages.

e Both types of fibers (A and B) enhanced the mixture’s resistance to
stripping, yielding higher numbers of passes at the stripping inflection point
than the control mix.

e More laboratory investigation for mixes with RAP contents of 50% and
above is recommended.

e Development of case studies to evaluate the performance of these additives
in the field would further benefit asphalt pavement research.

e It is recommended to conduct a life cycle cost analysis as field performance
data for these mixes become available.
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