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Abstract

Stone Mastic Asphalt (SMA) has shown an extraordinary contribution in pavement engineering research and
industry. Due to the climate changes and load conditions differences, using specific additives in SMA is
essential. Therefore, it is vital to utilize a modern mixture with a high capacity to survive the high traffic loads.
The current study aims to use the combination of waste HDPE and Nano-silica (NS)and waste polymer as a
newly developed hybrid additive in SMA modification, which could improve the rutting and stiffness
performance. By using the dry mix process, waste high density polyethylene (HDPE) and NS were blended with
the C320 bitumen binder to produce the SMA mixtures. The Nano silica was added to the C320 binder (2%,4%,
and 6% by weight of the binder). The engineering properties were assessed through the Marshall stability,
Marshall flow, Marshall Quotient, wheel tracking test, and 4 points bending fatigue tests. The results indicated
that the addition of 4% -6% nano-silica improve the rutting and stiffness performance of the modified SMA
mixtures in comparison with the non-modified mixtures. Results revealed that mixtures modified with the
hybrid additive of 4 HDPE- 6%NS have exceptional performance, in terms of better stiffness, rutting resistance
and longer fatigue life.

Keywords: Nano silica, waste HDPE, hybrid additive, asphalt, Marshall stability, rutting depth, fatigue damage.

1. Introduction The strength and stability of the SMA is because of

Stone mastic asphalt (SMA) is an asphalt mixture
of a skeleton of coarse aggregate and a binder rich
mortar with as much as 6% to 8% liquid bitumen.
SMA consists of crushed coarse mixture, crushed
fine aggregate, asphalt binder, mineral filler, and a
stabilizer such as cellulose, mineral fibers, or a
polymer for the binder [1]. Figure 1 displays a view
of a typical SMA mixture and conventional dense
graded mixture. The image on the left shows a
higher percentage of bitumen and fractured
aggregate in comparison with the conventional hot
mix asphalt shown in the right-hand image. As the
figure illustrates, conventional dense graded
mixture contains less bitumen content with a more
uniform gradation of the aggregate particles.

Figure 1: Typical SMA mixture (left) and dense
graded mixture(right)

the stone portion of the coarse aggregate
skeleton, which results in an increase in the
internal friction rate and the resistance of the
mixture to shear thereby enabling it to resist
rutting and wearing out because of repetitive
studded tyre contact. However, some weakness is
distinguishable in the SMA structure, such as drain
down, which ensues from the absence of mid-sized
aggregate in the gap-graded mixture, which has a
high asphalt binder content instead. In general, as
the literature reveals, despite many advantages,
such as high durability [2], improved resistance
against fatigue and reflective cracking, and
excessive rut resistance, less noise pollution of
traffic and high skid resistance [3]. SMA mixtures
also suffer from some disadvantages including
delays in opening the roads to traffic, drainage of
the binder, and higher initial costs. Due to the gap-
graded nature of SMA mixes and the high bitumen
content, they need stabilization and improvement
to control bitumen drain-down [4]. To achieve this
feature, polymer modifiers or fibers need be
added to the SMA mixes to bring about the desire
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modification, reinforcement, and stabilization in
the mixture. Various kinds of polymers have been
used to modify SMA mixtures.

Among these polymers; Styrene-Butadiene-
Styrene  (SBS)Styrene-Butadiene-Rubber (SBR),
Crumb Rubber Modifier (CRM), Ethyl Vinyl Acetate
(EVA), and Styrene Polyvinyl chloride (PVC) [2-6].
Besides the use of polymers as modifiers/additives
in asphalt mixtures, currently, an impressive
additive such as nanomaterials has been used in
most hot mix asphalt projects. According to the
literature studies [7-10], adding nanoparticles into
asphalt improves their physical, engineering and
rheological properties. Studies by [11-17] showed
that nanomaterial could fundamentally improve
the adhesion and cohesion of asphalt
binder/mixture and established bridging impact
between the asphalt and nanoparticle, avoiding
the growth of cracks.

According to the literature, nano-silica is an
excellent additive in pavement modification. There
was a new approach of using polymers with
nanomaterials as a hybrid polymer to overcome
some disadvantages properties of using a single
polymer. The application of combining 2% - 4%
nano-silica and 5% SBS polymer results in
improving the asphalt mixture's performance, in
terms of better rutting and fatigue resistance [15-
17]. The application of nano-silica with SBS
polymer is well investigated as discussed in the
literature review, nevertheless, no investigation on
the combination of nano-silica and waste HDPE
plastic modified C320 bitumen. As such, there is
research necessity to investigate and evaluate the
engineering, mechanical and deformation
performance properties of the combining nano-
silica and waste plastic polymer as a “sustainable
hybrid additive”. The study aims to investigate,
evaluate, and find the ideal mixing contents to
produce sustainable hybrid additive, which can be
effective in both sectors of asphalt modification
engineering and polymer recycling industry.

2. Materials and Testing Methodology

2.1 Materials

Australian bitumen C320 is used in this study. The
physical properties of C320 bitumen in terms of
penetration at 25°C and flashpoint are 44 mm.d
and 250°C. local waste plastic milk bottles (HDPE)
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are collected, cleaned, ground to a size of 0.41mm,
and used as an asphalt additive by 4% content.
Nano-silica with a diameter of 15nm, service area
of 600m?/g, bulk density <0.056g/cm?, and coated
with 2wt% Silan- KH220 is used in this study.
Granite aggregate which is the nearly popular
natural aggregate in Western Australia was used.
Typical, 10 mm, stone mastic asphalt (SMA) for
course surfacing was applied.

2.2 Sampling and testing

During the sample fabrication, the Nano silica
powder blended with C320 for 1.5 hour at 170 C
and 2200 rpm. Before adding the NS modified
C302 to the mixture, the aggregate is fully coated
and mixed with 4% waste HDPE. Following the
Marshall method and the dry-mix process, the
waste HDPE and NS-modified-SMA mixtures are
sampled at 5.5 optimum binder content. In
addition, as advisable by the Main Roads Western
Australia (MRWA) standard, 1.2 % hydrated lime
by weight of dry aggregate is used. In the testing
stage, Marshall test [18], wheel-tracking tests [19],
and fatigue are conducted to investigate the
engineering properties of the modified asphalt
mixture.

3. Results and discussion

3.1 Marshall stability, flow and MQ

Marshall test has been conducted to investigate
and assess the ability of SMA mixture to withstand
substantial loads of traffic and subsequent failure
and rutting deformation. Figures 2,3 and 4 show
the results of Marshall stability, Marshall flow, and
Marshall quotient. Marshall quotient can be
defined as the rutting resistance indicator and can
be calculated as the ratio of Marshall stability to
Marshall flow [6,20,21]. As can be seen from
Figures 2 and 4, the increases in different Nano-
silica content along with 4%HDPE has shown an
obvious increment in Marshall stability and
Marshall quotient, however, Marshall flow shows
declined results, as shown in Figure 5. Previous
studies [2,12] have indicated that Marshall stability
values are an essential indicator of asphalt
resistance to shear stress, displacement, and
rutting deformation. Adding 6% nano silica and 4%
HDPE could establish the ideal stability and
strength properties of SMA mixture with high
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Marshall stability and Marshall quotient as shown
in Figures 2 and 4.
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Figure 4: MQ results

The results of Marshall results are in line with the
previous studies [21,22]. Nano silica possesses
very small fragment sizes and a bigger surface area
so that it can absorb more binder and increase the
structurally modified binder [23]. The stability and
MQ values of all modified SMA samples increased.
This signifies that waste plastic and nano silica
working significantly to improve the tensile
strength and rutting resistance by developing
strong connection forces between bitumen binder
C320 and aggregate, and, consequently they
develop higher resistance to deformation and
moisture damage [24].

3.2 Rutting results

Rutting is mainly the most important distress
which can result in the deformation of road
pavement, specifically in  high-temperature
climates. Unsuitable mixture design, such as higher
bitumen content, a higher percentage of coarse
aggregate, and unreasonable filler amount could
potentially consequence in rutting defamation.
Thus, investigating the effect of the modified
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mixtures to explain the rutting resistance is
essential.

The rutting test was conducted according to used
in main road Australian standard [19]. Figure 5
shows the rutting depth antonymous the different
modified mixtures, and the data of the rutting test
have used the average of three readings for each
mixture type and content. Adding HDPE and Nano
silica results in a considerable decrease in rut
depth of all modified mixtures in comparison to
non-modified mixtures. The results indicate the
positive influence of Nano silica and HDPE plastic
on rutting resistance. The reason behind these
enhancement results is the strengthening
adhesion force between bitumen binder C320 and
aggregate. Therefore, forbid aggregate from
slithering due to the influence of compressive
loads, and as such, the rutting deformation
decreased [22-24]. This result shows that using
more nano-silica in the mixture reduces the rutting
depth as compared to non-modified SMA (control
binder) and 4% HDPE-modified SMA. However, the
result of 4% HDPE is of concern as compared to
the non-modified SMA. The results indicate that
adding NS and HDPE results in SMA mixture
stiffness and strength have been enhanced. This
demonstrates a rise in the capability of the
modified stone mastic asphalt to withstand and
resist accumulative deformation under heavy
traffic loads. Therefore, by utilizing HDPE and NS,
the rutting resistance of the SMA mixtures are
improved.
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Figure 5: Rutting resistance results

33 Fatigue results

The fatigue strength and fatigue life of the PET-
Nano-silica-modified asphalt was measured using
the four-point bending fatigue test in accordance
with Austroads AGPT/233 method. The results
show that the increase in nano-silica content with
HDPE plastic increased the fatigue to highest level
of fatigue life up of hybrid additive of 4% HDPE and
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6%NS mixtures. All the modified mixtures were
higher than the non-modified mixture which has
the lowest fatigue life of only about 65680, as
shown in Figure 6. The use of nano-silica with
different content of 2%, 4%, and 6% has better
fatigue life in comparison to samples of using only
4% HDPE, which can explain that the nano-silica
enhanced that the polymer-bitumen phase.

This signifies that nano-silica particles have a
substantial consequence on fatigue life of the
mixtures. This result could be ascribed by the of
nano-silica’s surface energy, which to some
extents reduces the aggregation of HDPE
fragments during the mixing. By this means
improving elasticity, stiffness, and connection of

binder-aggregates structure [25,26,27].
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Figure 6: Fatigue results
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4, conclusion

In this study, the influence of nano-silica and waste
HDPE on the rutting resistance and permanent
deformation of asphalt mixtures were investigated
and evaluated. By application of wet mix process,
NS and waste plastic were blended with C320
binder and SMA mixtures were fabricated. Various
contents of NS of 2% to 6% with 4% waste HDPE
plastic were used as a hybrid combined
polymer/additive. The mechanical and engineering
properties were examined and assessed through
Marshall stability, Marshall flow, wheel tracking
test, indirect tensile strength ratio test, stiffness
modulus test, and drain-off tests. To sum up, given
tests consequence, the below conclusions can be
drawn:

1- The study shows an innovative approach
to recycling plastic in asphalt modification and
industry. This thesis demonstrates the influence
and the possibility of using waste plastic
with/without nano-silica as an alternative cost-
effective recycled polymer for the modification of
bitumen binder C320 and asphalt mixtures
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following Australian standards. As 4% HDPE
mixtures has the comparative ability to the
mixtures with addition of 2%-6% nano-silica, in
term of stability and rutting resistance
performance.

2- The raises in different Nano silica
substances alongside with 4%HDPE has
demonstrated an obvious increase in Marshall
stability and Marshall quotient, however, Marshall
flow shows declined results. The higher Marshall
stability values indicate that the hybrid additive of
Nano silica-HDPE samples have become stiffer and,
as such modified SMA mixtures are more resistant
to deformation.

3- Using nano silica results in a sustainable
decline in rut depth for mixtures modified with 4%
HDPE- 6% NS. The results imply the positive effect
of NS and waste plastic on rutting resistance.

4- Using waste plastic and nano silica results
in improving the fatigue life and as such enhance
the resistance to fatigue cracking and deformation
of 4%HDPE and all hybrid samples of waste plastic
with nano silica in comparison to control mixture
(non-modified mixtures).

5- In addition, it is recommended to do
more tests at different stress and temperatures to
consider the rutting resistance and fatigue
performance. After all, it is recommended to test
the fatigue life and fatigue deformation of the
different percentages of the hybrid additive using
the SMA mixture.

References

[1] Chiu, Chui-Te, and Li-Cheng Lu. 2007. “A
Laboratory Study on Stone Matrix Asphalt
Using Ground Tire Rubber.” Construction
and Building Materials, 21 (5): 1027-1033.

[2] Xue, Yongjie, Haobo Hou, Shujing Zhu, and
Jin Zha. 2009. “Utilization of Municipal Solid
Waste Incineration Ash in Stone Mastic
Asphalt Mixture: Pavement Performance
and Environmental Impact.” Construction
and Building Materials, 23 (2): 989-996.

[3] Mashaan, Nuha, Ali Rezagholilou, Hamid
Nikraz .2019. “Waste Polymer as Additive in
Asphalt pavement reinforcement: a
review”. AAPA International Flexible
Pavements Conference, 18th, 2019, Sydney,
Australia.

1322



Journal of Harbin Engineering University
ISSN: 1006-7043

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

Asi, lbrahim M. 2006.
Comparison Study for the Use of Stone
Matrix Asphalt in Hot Weather Climates.”
Construction and Building Materials, 20
(10): 982—-89.

Awwad, Mohammad T., and Lina Shbeeb.
2007. “The Use of Polyethylene in Hot
Asphalt Mixtures.” American Journal of
Applied Sciences, 4 (6): 390-396.

Becker, Yvonne, Maryro P. Mendez, and

“Laboratory

Yajaira Rodriguez. 2001. Polymer modified
asphalt. Vision Technologica, 9: 39-50.
Mostafa, A. E. A. (2016). Examining the
Performance of Hot Mix Asphalt Using
Nano- Materials. Journal of Engineering,
Vol. 06, Issue 02.

Enieb., M. & Diab, A. (2017). Characteristics
of asphalt binder and mixture containing
nanosilica.  International  Journal  of
Pavement Research and Technology 10
(2017) 148-157.

Bala, N., Napiah, M., Kamaruddin, I. (2018).
Effect  of
polypropylene polymer modified asphalt

nanosilica  particles on
mixture performance. Case Studies in
Construction Materials, 8, 447-454

Zhang, H.-l., Su, M.-m., Zhao, S.-f., Zhang,
Y.-p., Zhang, Z.-p. High and low
properties of
modified
Construction and Building Materials 114
(2016) 323—-332.

Nam, B. H., Nejad, F. M.,&
Fallah, S. (2015). Nanoclay application to

temperature nano-

particles/polymer asphalt.

Golestani,B.,

asphalt concrete: Characterization of

polymer and linear
modified
Construction and Building Materials 91
(2015) 32-38.

Yusoff, N.l.LM., Breem, A.AS., Alattug,
H.N.M., Hamim, A., Ahmad, J. (2014). The

effects of moisture susceptibility and ageing

nanocomposite-

asphalt binder and mixture.

conditions on nano-silica/polymer modified
asphalt mixtures, Constr. Build. Mater.72
,139-147.

Yao, H., You, Z, Li, L., Lee, C.H., Wingard, D.,
Yap, Y.K, et al, (2013).
properties and chemical bonding of asphalt

Rheological

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

Vol 44 No. 12
December 2024

modified with nanosilica, J. Mater. Civ. Eng.
25 (11) 1619-1630.

Goh, S.W., Akin, M., You, Z., Shi, X. (2011).
Effect of deicing solutions on the tensile
strength of micro- or nano-modified asphalt
mixture, Constr. Build. Mater. 25(1) 195-
200.

MOHAMMAD AMIN GANJEI & ESMAIL
AFLAKI (2019) APPLICATION OF NANO-
SILICA AND STYRENE-BUTADIENE-STYRENE
TO IMPROVE ASPHALT MIXTURE SELF
HEALING, INTERNATIONAL JOURNAL OF
PAVEMENT ENGINEERING, 20:1, 89-99, DOI:
10.1080/10298436.2016.1260130.

LU SUN , XIANTAO XIN, JIAOLONG REN.
2017. ASPHALT MODIFICATION USING
NANO-MATERIALS AND POLYMERS
COMPOSITE CONSIDERING HIGH AND LOW
TEMPERATURE PERFORMANCE.
CONSTRUCTION AND BUILDING
MATERIALS, VOL. 133, PAGES 358-366.
NGUYEN, H.P.; CHENG, P.; NGUYEN, T.T.
PROPERTIES OF STONE MATRIX ASPHALT
MODIFIED WITH POLYVINYL CHLORIDE AND
NANO SILICA. POLYMERS 2021, 13, 2358.
HTTPS://
Australian /New  Zealand  Standard,
Compaction of asphalt by Marshall method
and determination of stability and flow,
Marshall procedure in: AS/NZS 2891.5-
2015, Standard Australia, Standard New
Zealand, Sydney, NSW, 2015, PP. 1-17.
Austroads, Commentary to AG: PT/T231-
Deformation Resistance of Asphalt Mixtures
by the Wheel Tracking Test, Austroads,
Australia, 2006, pp.1-11.

Mashaan, N.S.; Ali, H.A.; Koting, S.; Karim,
M.R. Performance evaluation of crumb
rubber modified stone mastic asphalt

pavement in Malaysia. Advances in
Materials  Science  and
2013(1639):8.

Mashaan, N.S., Amin Chegenizadeh, Hamid

Engineering

Nikraz. (2021). Laboratory Properties of
Waste PET Plastic-Modified Asphalt Mixes.
Recycling 6(3):49.

Amin Chegenizadeh, Bradley Peter, Hamid
Nikraz (2021). Mechanical properties of
stone mastic asphalt containing high-

1323



Journal of Harbin Engineering University
ISSN: 1006-7043

(23]

[24]

[25]

(26]

(27]

density polyethene: An Australian case.
Case Studies in Construction Materials.
Vol.15.00631.

Nguyen, H.P.; Cheng, P.; Nguyen, T.T.
Properties of Stone Matrix Asphalt
Modified with Polyvinyl Chloride and Nano
Silica. Polymers 2021, 13, 2358. https://
doi.org/10.3390/polym13142358.

HAYDER ABBAS OBAID. 2020.
CHARACTERISTICS OF WARM MIXED
ASPHALT MODIFIED BY WASTE POLYMER
AND NANO-SILICA. INTERNATIONAL
JOURNAL OF PAVEMENT RESEARCH AND
TECHNOLOGY, 14, 397-401.

Obaid, Hayder Abbas. 2020. “Characteristics
of Warm Mixed Asphalt Modified by Waste
Polymer and Nano-Silica.” International
Journal of Pavement Research and
Technology, 14 (3): 397-401.

Mashaan, Nuha S., Amin Chegenizadeh, and
Hamid Nikraz. 2022b. "Evaluation of the
Performance of Two Australian Waste-
Plastic-Modified Hot Mix Asphalts".
Recycling, 7 (2) :16.

Mashaan, Nuha S., Amin Chegenizadeh, and
Hamid Nikraz. 2022c. “Performance of PET
and Nano-silica Modified Stone Mastic
Asphalt Mixtures”. Case Studies in
Construction Materials, 16: e01044.

Vol 44 No. 12
December 2024

1324



