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The quality of bitumen, a critical constituent of asphalt mixtures, is significantly influenced by its
chemical composition and production process. Libya's extensive road network, much of which lies in
desert areas, suffers from rutting and cracking due to extreme temperature variations. This study aims to
enhance asphalt properties by adding rubber. A comprehensive test program, conducted according to
German and European standards, demonstrated that rubber-modified asphalt exhibits improved high-
temperature stability, low-temperature behavior, and bonding capacity. Specifically, rubber-modified
asphalt showed a 7% increase in stability and a 46% reduction in rutting depth compared to conventional
asphalt. The improved resistance to water and cracking further validates the efficacy of rubber
modification in asphalt.
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Introduction

Pavement technology research is a global focus, aiming to
enhance the performance of various pavement layers and
provide cost-effective solutions for road agencies [1,2]. One of
the successful outcomes of this research is the development of
polymer-modified bitumens (PmB), which effectively address
the challenges posed by increasing traffic volumes and loads.
PmBs are now widely used worldwide due to their superior
performance. However, the high costs associated with the
additives used in the manufacturing process pose a drawback.
To tackle this issue, many countries have turned to crumb
rubber bitumen (CRM), also known as rubber-modified
bitumen (RmB). Utilizing discarded vehicle tires, RmB offers
similar performance to PmBs but at a lower cost and
contributes to sustainability efforts by addressing the global
problem of tire disposal. By incorporating RmB into high-
performance road construction materials, we can help eliminate
this environmental issue. This paper presents a study that

assesses the performance of chemically stabilized RmB and
compares it with control binders such as plain bitumen and
PmB. Recent studies [3,4] have demonstrated the significant
benefits of using rubber in asphalt mixtures, particularly in
enhancing high-temperature stability and low-temperature
flexibility.

Recent studies have highlighted the benefits of rubber-modified
asphalt in improving pavement performance. Chen et al.showed
significant improvements in high-temperature stability and low-
temperature flexibility [3]. Similarly, Zhang et al. highlighted
the environmental and economic benefits of using recycled
rubber in road construction [4]. Xiao et al. demonstrated
improved resistance to rutting and cracking [5]. While Ghabchi
et al. emphasized sustainability through the recycling of waste
tires [6]. Despite these advances, there is limited research on
the performance of rubber-modified asphalt in hot arid regions,
which this study aims to address. Kumar et al. found that
rubber-modified asphalt enhances pavement performance in
high-temperature environments, reducing rutting and thermal
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cracking [7]. Williams and Jones emphasized the alignment of
using recycled rubber with sustainability goals [8]. This
research builds on these findings by investigating the
performance of rubber-modified asphalt mixtures in hot arid
regions, thereby filling a critical gap in existing knowledge.

Methodology

A trial section with rubber-modified asphalt was carried out in
Brack, Libya. The asphalt was prepared in an asphalt plant,
with samples taken from both modified and unmodified asphalt
for testing. Xiao, et al. Showed the Performance of Rubberized
Asphalt Mixtures in Wet and Dry Conditions [5].

The properties of the modified asphalt were evaluated through
a comparative study with normal bitumen, focusing on stability,
high and low-temperature behavior, and water resistance. The
following standardized test methods for hot asphalt were used:
1. Marshall Test (EN 12697-30): Stability, flow, and Marshall
Quotient values were determined (Fig. 1).

2. Wheel Tracking Test (EN 12697-22): Assessed the
susceptibility to deformation under load (Fig. 2-a, b).

3. Water Sensitivity Test (EN 12697-12): Evaluated bonding
and stripping properties (Fig. 3).

4. Three-Point Bending Test (EN 12697-44): Analyzed crack
propagation and low-temperature behavior (Fig. 4).

The specimens were prepared in accordance with EN 12697-33
using a slab compactor, ensuring consistency with field
conditions.
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Fig. 1: Marshall-test EN 12697-30: Stability, flow and Marshall
Quotient value
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Fig. 2: Wheel Tracking Test EN 12697-22, (a) Wheel tracking and
(b) Susceptibility to deform under load
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Fig. 3: Water Sensitivity Test EN 12697-12, Water sensitivity,
bonding and stripping

Fig. 4: Three-point-bending-test, EN 12697-44, crack propagation,
low temperature behavior

The cores that had been taken out of the trial-section in Brack
were also examined according to EN 12697-6 and 8, density
and voids content. The specimen for the wheel tracking test and
the 3-point-bending test were prepared according to EN 12697-
33 Slab Compactor. All tests were carried out with specimens
from asphalt mixed in the laboratory and specimens prepared
with asphalt from the asphalt plant in Libya. To validate these
improvements, a comparative study with both, usual asphalt
concrete (AC) and Rubber-modified asphalt concrete was
executed. Federal Highway Administration (FHWA) [9].
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Table 1: Properties of the specimen, prepared with asphalt from Libya

Spec Bulk Void Averag Density
imen density content e values void
Mix Nr.  gm/cm? % gm/icm3 %
1 2.322 3.9
Acid S %
with ' ' 2.341 4.2
60/70 4 2.341 3.8
5 2.369 4.2
6 2.345 3.7
Slap 2.341 5.2
1 2.329 3.9
Adib 5 Do o
ubber 4 2.353 38 ' '
5 2.335 4.3
6 2.325 3.7
Slap 2.46 4.0

Specimen preparation

Laboratory Preparation

The asphalt mix design was following the specification of the
one that is used in Libya as it illustrated in Fig. 5. The bitumen
was a penetration grade bitumen 60/70. The binder content was
5 % by weight. Abed et al. showed the Thermo-rheological analysis
of WMA-additive modified binders [10].
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Fig. 5: Particle size distribution of Libyan-mix-design

For the fabrication of the asphalt mixes, a laboratory mixer
(according to DIN EN 12697-35 (Bituminous mixtures-test
methods for hot mix asphalt-part 35: laboratory mixing) was
used. After mixing at a temperature of 170 C, Marshall-
specimen and specimen (slabs) according to DIN EN 12697-35
(bituminous mixtures - Test methods for hot mix asphalt - part
33: Specimen prepared by roller compactor) were prepared.
With this equipment it is possible to produce specimens in the
laboratory with nearly similar properties than the one of asphalt
layers on the road.

The properties of the specimen are listed in Table 1, which
compares the density and the percentage void content of the
two types of asphalt. As it can be seen, the result of the
laboratory preparation is dense asphalt concrete as it is
recommended by the standards and generally accepted
technical rules.

As can be seen, the non-modified and the Rubber-modified
specimen have comparable properties regarding their
composition. That means that the main reasons for differences
in the test results can be seen in the different binders. The mix-
design demands a filler content of 8% by mass, which both
asphalt-samples do not reach. Due to this lack of filler, the
compact ability of both the asphalts is poor. The void content is
too high compared to the laboratory prepared asphalt; the void
content of the Libyan non modified asphalt is nearly twice the
value. The void content of the Rubber-modified specimen made
from the Libyan asphalt is about third times higher compared to
the laboratory mix.

Moreover, the non-modified and Rubber-modified specimens
have different levels of compaction. The reason is to be found
in the different amounts of filler in two types of asphalt. The
non-modified asphalt has a filler content of 6, 1% by mass,
while the Rubber-modified asphalt has only an amount of 3,7%
by mass. Ahmed, and Ali have demonstrated the significant
benefits of using rubber in asphalt mixtures, Crumb Rubber in
Asphalt: Benefits and Challenges [11].

At this point, it has to be stated, that the non-modified and the
Rubber-modified specimen have non-comparable properties
regarding their composition and level of compaction. That
means, the test results will be affected mainly by the void
contend and not, as it should be in a comparative study, by the
different bituminous binders. This important precondition has
to be kept in mind when drawing the conclusions from the test
results. Zhang, and Wang showed the Performance of Polymer-
Modified Asphalt in Various Climates [12].

Results

Laboratory Preparation

All tests were conducted according to the European Standards.
Marshall test on AC lab

Table 2 shows the stability and the flow-value of the Marshall
specimen prepared with non-modified and Rubber asphalt in
the laboratory. The use of Rubber increases the stability of the
asphalt. The increase is about 7%.

Wheel tracking test on AC lab

Table 3 shows the rut depth after 10.000/20.000 passes with a
rubberized wheel in air at 60 °C of specimen prepared with
non-modified and Rubber-modified asphalt in the laboratory
(one cycle means two Passes).

The use of Rubber decreases the susceptibility to deform under
load. The rutting depth of Rubber-modified asphalt reaches
only values of about 54% of the non-modified asphalt

Table 2: Stability and the flow-value of the Marshall specimen from
laboratory prepared asphalt

Average values

Specimen  Stability Flow  Stability Flow

Mix Nr kN mm kN mm
ACLab with 1 16.20 3.40

60/70 2 15.66 3.20 1593 3.30
ACLab with 1 17.10 3.35

Rubber 2 17.02 3.43 17.06 3.39

Water Sensitivity of AC Lab

In Table 4 the results of the Indirect Tensile Strength Ratio
(ITSR) with Indirect Tensile Test (ITS) before (d=dry group)
and after conditioning in water (w wet group) are shown.
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Table 3: Result of the Wheel Tracking test, rutting depth of laboratory
prepared asphalt

Rutting depth after ~ Rutting depth after

Mix 10.000 passes; mm 20.00 passes; mm
AC Lab with
60/70 6.4 8.6
AC Lab with
Rubber 38 a7

The (indirect) tensile strength of the Rubber-modified specimen
before water conditioning is significantly higher (about 10%).
That means the resistance against cracking is improved. The
decrease of the tensile strength of Rubber-modified specimen
after water storage is lower than in the non-modified asphalt.

Table 4: Result of the water sensitivity test on laboratory prepared
asphalt specimen

ITSddry  1TSd wet ITSR
Specimen group group Average
Mix Nr. kPa. kPa. %
AC Lab 3,010 2,289
with60/70 S50 2.367 2.280 728
AC Lab with 3,482 2,082
Rubber 3456 3,443 2756 80

The (indirect) tensile strength of the Rubber-modified specimen
after water storage is about 20% higher than the one of one of
the non-modified asphalts, what means, that the adhesion
between the Rubber-modified bitumen and the aggregates is
stronger than the adhesion of non-modified bitumen. The
penetration of the water molecules between the film of
modified bitumen and the aggregate surface is hindered by the
stronger bonding strength. The use of Rubber improves the
sensitivity against water and enhances the resistance to
cracking.

Three-point-bending-test on AC lab

Table 5 is showing the results of the 3-Point-Bending-Test.
Measured was the force and the displacement on a 150 mm
diameter haft-core at a temperature of 0 °C. According to prEN
12697-44, the horizontal stress Chor and maximum strain Emax
are calculated.

The tensile strength of the Rubber-modified specimen is about
26% higher than the tensile strength of the non-modified
specimen. That means that the safety against cracking is
significantly enhanced. The use of Rubber improves the low
temperature behavior and safety against low temperature
cracking.

Table 5: Results of the Three-point-bending-test on laboratory
prepared asphalt specimen

Specimen; Averag  Averag
Half-cores estrain e stress
fromslab emax o hor £max o hor
Mix Nr % N/mm % N/mm?
AC Lab 1 8.0 8.87
with 60/70 2 6.7 9.1 0.73 8.9
AC Lab 1 10.5 11.8 1135
with Rubber 2 8.5 10.9 0.93 )
Conclusions

To show the improvement of asphalt properties by using
Rubber for modifying asphalt, different tests were carried out

according to German and European, and the results with
Rubber modified laboratory mixed asphalt show certain
benefits compared to the standard asphalt, including increased
high temperature stability, improved low temperature behavior
and increased bonding capacity of the Rubber-modified asphalt.
The laboratory compacted specimen had a high void content
nearly compensated for the benefits of the Rubber-
modification. Despite the high void content, the stability of the
Rubber modified asphalt raised for 25% and the rutting depth
lowered for 20%. The indirect tensile strength and tensile
strength in the 3-Point-Bending-Test with the Rubber modified
specimen reached nearly the same values as the non-modified
specimen. Thus, the modification with Rubber enhances the
properties of asphalt in the high and low temperature range,
improves stability and cracking susceptibility and ameliorates
the water susceptibility. Even in insufficient compacted asphalt
the Rubber-modification has great benefits that can be shown in
laboratory tests. The enhanced bonding capacity and the higher
viscosity keeps the properties of asphalt with nearly 9% of void
content on the level of asphalt with about 6% of voids.

Recommendations

Provided that the mix design is suitable and laying and
compacting are adequate, the Rubber-modified gives a high-
quality, long-lasting asphalt which satisfies the special demands
of a road in a desert climate, with the ability to compensate
unavoidable deviations in materials, preparation, laying and
compaction of the asphalt. Consequently, we recommend the
use of Rubber to enhance the quality of asphalt for desert roads.

Author Contributions: “All the work was done by Salem.”
Funding: “This research received no external funding.”

Data Availability Statement: “The data are available at
request.”

Acknowledgments: "The authors would like to express their
appreciation to all persons and organizations who contributed
to the publication of this research paper. | would also like to
thank our colleagues at Waddi Alshatti University for their
comments and support throughout the research process.
Therefore, 1 would like to thank them for their valuable
opinions and suggestions.”

Conflicts of Interest: “The author declares no conflict of
interest.”

References

[1] Salem, H. (2024). "Enhanced Asphalt Mixture Design for
Sustainable Pavements." Wadi Alshatti University Journal of Pure and
Applied Sciences, 2(2), 31-35.

[2] Hassan Awadat Salem. (2023). "Effect of Polymer Modification
Bitumen on Performance of Flexible Pavement in Hot Arid Area in
Libya." Wadi Alshatti University Journal of Pure and Applied
Sciences, 1(1), 57-63.

[3] Chen, X., Huang, B., Shu, X., & Jia, X. (2020). "Performance
Evaluation of Rubber-Modified Asphalt in High-Temperature and
Low-Temperature Conditions." Construction and Building Materials,
235, 117464.

[4] Zhang, Y., Gao, L., & Li, J. (2019). "Sustainable Road
Construction: Performance and Environmental Benefits of Recycled
Rubber Asphalt." Journal of Cleaner Production, 217, 251-260.

Wadi Alshatti University Journal of Pure & Applied Science, vol. 2, no. 2, July-December 2024

Page 39



Salem

[5] Xiao, F. et al. (2009). "Performance of Rubberized Asphalt
Mixtures in Wet and Dry Conditions." Construction and Building
Materials, 23(2), 538-545.

[6] Ghabchi, R. et al. (2018). “Laboratory Evaluation of Crumb
Rubber-Modified Asphalt Mixtures Using Performance Tests."
International Journal of Pavement Engineering, 19(6), 567-577.

[7] Kumar, A., et al. (2020). "Enhancing Pavement Performance with
Rubber-Modified Asphalt in High-Temperature Environments."”
Journal of Road Engineering, 15(4), 345-356.

[8] Williams, J., and Jones, M. (2021). "Environmental Benefits of
Recycled Rubber in Asphalt: A Comprehensive Review."
Sustainability, 13(8), 4567.

[9] Federal Highway Administration (FHWA). Federal Highway
Administration Administrators. Materials, vol. 319, 2022, 126063

[10] Abed, A., Thom, N., Lo Presti, D., and Airey, G. “Thermo-
rheological analysis of WMA-additive modified binders,” Materials
and Structures, 53(3), 2020.

[11] Ahmed, A., and Ali, S. (2019). "Crumb Rubber in Asphalt:
Benefits and Challenges." International Journal of Pavement
Engineering, 20(5), 567-578.

[12] Zhang, X., Li, Q., & Wang, H. (2017). "Performance of Polymer-
Modified Asphalt in Various Climates." Journal of Road Engineering,
12(3), 221-230.

Wadi Alshatti University Journal of Pure & Applied Science, vol. 2, no. 2, July-December 2024

Page 40



