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ABSTRACT

Rutting is one of the most common failures in asphalt pavements, typically
caused by inadequate compaction, loss of materials, or insufficient shear
resistance of the asphalt mixture. In this study, the effect of combining
nano-copper oxide and polypropylene fibers on improving the resistance
of asphalt mixtures to rutting was investigated. First, the optimal
percentage of nano-copper oxide was determined using resilient modulus
and dynamic creep tests. The results showed that adding 2% nano-copper
oxide increased the resilient modulus of the asphalt mixture by up to 50%.
Subsequently, 0.1, 0.3 and 0.5% polypropylene fibers were added to the
asphalt mixture containing 2% nano-copper oxide. The results indicated
that adding 0.3% polypropylene fibers improved the Marshall stability of
the asphalt mixture by up to 5.2%. However, increasing the fiber content
beyond 0.3% negatively impacted the Marshall stability due to reduced
adhesion between the bitumen and aggregate. Additionally, the addition of
polypropylene fibers decreased the Marshall flow of the asphalt mixture.
Nano-copper oxide alone also increased the flow of the mixture. Overall,
the combination of 2% nano-copper oxide and 0.3% polypropylene fibers
increased the resistance of the asphalt mixture by up to 8.1% and created
a balance between flow and stiffness. These results suggest that the
simultaneous use of these two additives can be an effective solution for
enhancing the performance of asphalt mixtures against rutting and
improving mechanical resistance.
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Introduction

Rutting is a common form of asphalt
pavement deterioration that affects both the
surface and the underlying base and subbase
layers. In impermeable pavements designed
with effective drainage systems, most of the
damage, around 85 to 90%, occurs within the
upper asphalt layers themselves due to
accumulated plastic deformation. Typically,
rutting manifests as permanent surface
depressions along wheel tracks, particularly in
high-stress zones like bus stops, frequent
braking zones, and vehicle acceleration lanes,
where repetitive shear forces generate
significant horizontal stresses.

This pavement distress phenomenon is
heavily influenced by regional climate
conditions and traffic loading patterns. Heavy
commercial vehicles moving at slow speeds,
when combined with prolonged high summer
temperatures, tend to accelerate rutting
development, especially in conventional
asphalt mixes that exhibit insufficient shear
resistance and poor elastic recovery. To
address this engineering challenge, current
mitigation strategies primarily focus on
material modifications, including polymer or
nanomaterial additives to enhance the
bitumen's rheological performance, as well as
synthetic fiber reinforcement to improve the
mixture's tensile strength and crack resistance.
These solutions aim to optimize the balance
between stiffness and flexibility in asphalt
pavements.

Problem Statement

The use of nanomaterials to modify
bitumen  properties, along  with the
incorporation of fibers to enhance asphalt
mixture characteristics, are among the most
effective strategies for preventing rutting.
However, the combined effect of these two
modifications on asphalt performance has not
yet been investigated.

Methodology

In this study, multiple asphalt mixtures
were initially prepared by incorporating
copper oxide nanoparticles at varying
concentrations (1, 1.5, 2 and 2.5%). Through

comprehensive dynamic creep and resilient
modulus  testing, the 2% nanoparticle
concentration demonstrated optimal
performance and was consequently selected as
the base mixture for fiber modification.
Subsequently, polypropylene fibers were
added to this optimal nano-modified mixture
(containing 2% CuO nanoparticles) at
proportions of 0.1, 0.3 and 0.5%, with all
fiber-reinforced specimens undergoing
Marshall testing for performance evaluation.

Results

The two key parameters evaluated for the
asphalt mixtures modified with copper oxide
nanoparticles and polypropylene fibers
were Marshall  Stability and Marshall  Flow,
with the corresponding test results presented in
Figures 1 and 2, respectively. The red line in
these figures indicates the properties of the
unmodified asphalt mixture (control sample).

1760

1741.92
1712.62

=
)
Ny
o

1675.7,

1640 | 1652

Marshall Stability (Kg)
>
3

1600
0 0.1 0.2 0.3 0.4 0.5 0.6

polypropylene fiber Content (%)
Figure 1. Marshall Stability of modified asphalt

mixtures
3.1
3.05

.3
E 2.95
< 29
5
; * \/ZI8
=2
<
4]
§ 2.7 2.7

g
o

0 0.2 ) 0.4
polypropylene fiber Content (%)

Figure 2. Marshall Flow of modified asphalt
mixtures

As illustrated in Figure 1, adding 0.3%
fibers to the nano-copper oxide modified
asphalt mixture can improve Marshall stability
by more than 5%. However, exceeding this
fiber content shows no further positive effect



on Marshall Stability. This is primarily
attributed to excessive fibers reducing
bitumen-aggregate  adhesion, ultimately
decreasing stability in fiber-rich mixtures.

Figure 2, demonstrates that incorporating
0.3% polypropylene fibers reduces Marshall
Flow by over 11% compared to fiber-free
mixtures, achieving an optimal deformation
resistance range.

Conclusion

The results of this study indicate that the
combination of copper oxide nanoparticles and
polypropylene fibers can serve as an effective
solution for improving asphalt mixture
performance against rutting. The increased
resilient modulus and rutting resistance
observed with copper oxide nanoparticles
demonstrate enhanced viscoelastic behavior of
the asphalt mixture. This improvement results
from the filling effect of nanoparticles and
strengthened  bitumen-aggregate  adhesion,
leading to better stress distribution and
reduced stress concentration at weak points in
the mixture.

On the other hand, adding polypropylene
fibers to the asphalt mixture creates a fiber
network within the asphalt matrix, increasing
crack resistance and improving plastic
deformation behavior. This is particularly
important under long-term loading conditions
(such as creep), as fibers absorb energy and
prevent crack propagation, thereby enhancing
mixture performance. However, excessive
fiber content (above 0.3%) may negatively
affect mixture strength due to reduced
bitumen-aggregate adhesion, highlighting the
importance of maintaining proper additive
proportions.

Furthermore, the simultaneous effect of
copper oxide nanoparticles and polypropylene
fibers on mixture flowability reveals the
complex interaction between these two
additives.  While nanoparticles increase
flowability and improve workability, fibers
decrease flowability, enhancing stiffness and
deformation resistance. This balance between
flowability and stiffness enables the design of
asphalt mixtures with optimal performance
under various climatic and loading conditions.

In conclusion, the combined use of
copper oxide nanoparticles and polypropylene
fibers not only enhances the mechanical
properties of asphalt mixtures but also
optimizes overall performance by achieving a
balance between flowability and stiffness
under real-world conditions. These findings
can serve as a foundation for future research
on using nanoparticles and fibers to improve
asphalt performance.
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