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Sustainable materials in the field of road pavement have become a research direction in recent years. In this study, the rice husk ash
with small dosage of styrene-butadiene-styrene (SBS) was added as a bioadditive into the base asphalt to modify its properties.
Different contents (0, 2, 5, 10, and 15%) of rice husk ash (RHA) and 1% of SBS were selected to prepare the modified asphalt.
Penetration, softening point, ductility, rotational viscosity test, and temperature sweep test were conducted to investigate the
properties of SBS/RHA-modified asphalt binder. Rutting test, moisture susceptibility, and low-temperature cracking were utilized
to evaluate the performances of SBS/RHA-modified asphalt mixture. )e results showed that the penetration decreased and the
softening point and rotational viscosity enhanced while the ductility slightly decreased with the incorporation of rice husk ash.)e
SBS/RHA-modified asphalt mixture had better high-temperature performance than that of the virgin asphalt mixture but slightly
lower moisture stability and low temperature performance. )e tensile strength ratio of the virgin and modified asphalt mixture
met the requirement of specification. )e tensile strain of mixture SR15 was lower than the requirement for the asphalt mixtures
on the basis of the specification. For the SBS/RHA-modified asphalt binder based on the comprehensive properties, the content of
rice husk ash should not be higher than 15%.

1. Introduction

Rice is the basic source of food consumption in the world
[1, 2]; every year, it is produced in large quantities world-
wide. China is the largest producer of rice in the world, and
the average yearly production of rice in China is about 200
million tons [3]. A by-product called rice husk ash (RHA) is
generated by the rice milling. )e average rice husk coef-
ficient is about 0.18, which means that about 36 million tons
of rice husk can be generated from the rice paddies [4]. )e
most prevalent way to deal with the rice husk in developing
countries is to burn or dump in the field, which causes large
concern of the environment pollution [2].

To solve the ecological problems produced by the by-
product, waste materials such as rick husk improve the
recycling of road materials [5, 6], and many researchers in
the world focus on the target to utilize the byproduct as

recycle materials and the recycled pavements materials in the
field of engineering [7–13]. Weiting et al. explored the
structure of rice husk ash from nano- and microlevel,
revealed the origin of high pozzolanic activity and specific
surface area, and obtained the optimum combustion tem-
perature for the highly reactive RHA [14]. )e RHA was
used to replace nano-SiO2 to enhance the performance of
recycled aggregate geopolymer concrete by Nuaklong et al.
[15]. Rattanachu et al. grounded the husk ash to the size of
no. 235 and utilized it to partially replace cement at 20∼50%
weight to cast binder and examined the chloride penetration
depth and steel corrosion [16]. Hossain et al. used the rice
husk ash as an alternative of silica sources to prepare the slip-
casting slurry and investigated the properties of the foam
samples such as density, porosity, thermal conductivity, and
mechanical strength [17]. Holzschuh et al. incorporated the
RHA in the molten aluminum and analyzed the chemical
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compositions by density analysis, Charpy impact forces test,
and Brinell hardness [18]. Zahedi et al. prepared the mortar
with RHA and investigated the effect of rice husk ash on the
chloride permeability, compressive strength, and capillary
absorption of single and binary blended mortars [19]. )anh
and Ludwig evaluated the alkali silica reactivity of RHA in
cement paste by the scanning electronmicroscope and X-ray
spectroscopy [20].

In the field of asphalt pavement, rice husk ash was also
incorporated as a kind of filler or additive to improve the
properties of asphalt materials. Some studies were conducted
by the researchers in this field [21–26]. Abdelmagid et al.
added the RHA and crumb rubber powder (CRP) into the
60/80 penetration graded asphalt binder to prepare modified
asphalt binder. )ey concluded that adding RHA and CRP
affected the high-temperature performance of asphalt binder
[3]. Zagvozda et al. summarized the utilization of bio-ash
and provided a research view from various aspects for the
study of bio-ash in road construction [27]. Ameli et al.
evaluated the properties of mastics and stone matrix asphalt
mixture with RHA and coal waste ash (CWA). )ey found
that the replacement of RHA by conventional filler im-
proved the Marshall stability of asphalt mixtures [28].
Arabani and Tahami et al. investigated the influences of
RHA as a kind of asphalt modifier on the hot mix asphalt.
)e results presented that the rheological properties of as-
phalt were improved by the incorporation of RHA [29].
Mistry et al. used the RHA and fly ash as a replacement of
hydrated lime as fillers in the asphalt mixture and tested the
performances of asphalt mixture with RHA and fly ash.)ey
found that RHA had greater affinity to the asphalt attributing
the highest stiffening influence of the asphalt mastic droplets
[30]. Ramadhansyah et al. ground the RHA to the fine
particles with the size less than 75 μm and evaluated the
performance of asphalt mixture with different contents of
RHA by the Marshall test and density test. Based on the
results, the RHA could be satisfactorily used as a kind of filler
to increase the performance of asphalt mixture
[25, 26, 31–33]. Tahami et al. utilized two kinds of biomass
ashes, RHA and date seed ash, as filler to replace the con-
ventional filler in the hot asphalt mixture and tested the
mechanical performances of asphalt mixtures. )e results
showed that, compared to the control asphalt mixture, the
asphalt mixture with RHA and date seed ash had higher
stability and stiffness modulus [34].

From the previous researches on the RHA, it can be
concluded that the RHA could be used as a kind of filler to
improve the road materials and as a type of modifier to
modify the base asphalt. However, most of the studies on
RHA focused on the conventional properties of asphalt
binder, and more systematic evaluation on the compre-
hensive performance on the modified asphalt binder and
mixture is rarely found. In addition, most of the previous
researches are international; the study based on the Chinese
specification and for the application in China is also nec-
essary because of the large quantities of rice husk generated
in China. )us, this research aims to evaluate the com-
prehensive performance of SBS/rice husk ash-modified as-
phalt binder and mixture based on the international

specification in the world and national specifications in
China.

2. Objectives

)e overall objective of this study was to study the properties
of polystyrene-butadiene-styrene (SBS) and RHA-modified
asphalt binder and mixture. More specific objectives were as
follows:

(1) To investigate the effect of the addition of SBS/RHA
on the rheological properties of the asphalt binder

(2) To evaluate the high-temperature and low-temper-
ature performance and moisture susceptibility of
SBS/RHA-modified asphalt mixture

3. Materials and Methods

3.1. Materials and Sample Preparation

3.1.1. Virgin Asphalt Binder. )e asphalt 70# (that is divided
based on the penetration grade) was selected as the virgin
asphalt. )e technical indicators of the virgin asphalt binder
based on the specification [35] are shown in Table 1.

3.1.2. Polystyrene-Butadiene-Styrene. )e polystyrene-bu-
tadiene-styrene (SBS) was 1301-1 linear structure. )e rel-
ative molecular weight was larger than 10000, the density at
25°C was 0.8∼1.0 g·cm−3, and the viscosity at 160°C was
500∼10,000 Pa·s.

3.1.3. Aggregate and Filler. )e aggregate was limestone and
the filler was also made from limestone. )e technical
properties based on the specification [36] are shown in
Tables 2 and 3, respectively.

3.1.4. Preparation of Rice Husk Ash. In this study, the RHA
was obtained from the rich rice husk by combustion in a
muffle furnace. )e detailed procedure [1] is as follows. )e
rice husk was placed in the muffle furnace for incineration at
700°C for 2 hours. After the incineration, the RHAwas taken
directly from the furnace and scattered in the tray to be
cooled at room temperature. )e cooled RHA was wet-
grinded in a vertical square ball mill for 15 minutes and the
high active rice husk ash was obtained.)e RHA used in this
study was then sieved by the 0.075mm aperture-sized sieve.
)e specific surface area was 0.61m2/g, and the active silica
content was 88.3%.

3.1.5. Preparation of SBS/RHA-Modified Asphalt. )e
preparation of SBS/RHA-modified asphalt and the param-
eters for the preparation were determined based on the
previous studies [1, 37], and it was divided into two parts: the
SBS-modified asphalt preparation and SBS/RHA-modified
asphalt preparation.

To make a better compatibility, the virgin asphalt was
heated to 180°C, and the SBS was added into the flowable
virgin asphalt and mixed by a high-speed shear mixer with a
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rotation speed of 3000 rpm at 180°C for 15 minutes. )en,
the prepared high active rice husk ash was added into the
SBS-modified asphalt, and they were mixed at 150°C for 10
minutes by the shear mixer with a rotational speed of
5000 rpm. )e mixed asphalt binder was placed in the oven
at 135°C for 1 hr. Given the price of SBS, low concentration,
1% of total binder by weight, was selected in this study. )e
contents of rice husk ash were 0%, 2%, 5%, 10%, and 15% of
the total binder by weight; the SBS/RHA-modified asphalt
binder was denoted as SR0, SR2, SR5, SR10, and SR15,
respectively.

3.1.6. Gradation for the Asphalt Mixture and Optimum
Asphalt Content. To prepare the asphalt mixture and
evaluate the comprehensive performance of the asphalt
mixture, AC-16 was selected and the gradation of ag-
gregate is shown in Figure 1. According to Technical
Specifications for Construction of Highway Asphalt
Pavements in China (JTG F40-2004) [36, 38], combined
with practical engineering experience, the optimum as-
phalt content was determined by the Marshall test and as
4.4% [39].

3.2. Test Methods

3.2.1. Binder Test Methods. )e asphalt binder tests include
the conventional binder tests, rotational viscosity test, and
temperature sweep test. )e conventional tests, penetration,
softening point, and ductility were conducted according to
the Standard Test Methods of Bitumen and Bituminous
Mixtures for Highway Engineering (JTG E20-2011) [35].)e
asphalt binder was unaged and rolling thin film oven
(RTFO) aged based on the different tests. )e rotational
viscosity test was conducted using the Brookfield rotational
viscometer, the test temperatures were 90, 135, 150, and
175°C, and the rotational speeds were 10, 20, and 50 r/min.

)e temperature sweep tests of the SBS-modified asphalt
binder with 2%, 5%, 10%, and 15% content of rice husk ash
were conducted. )e SBS/RHA-modified asphalt was
unaged and RTFO aged. )is test was carried out through
the DHR-1. For the unaged asphalt binder, the controlled
strain was 12% while it was 10% for the RTFO-aged asphalt
binder. )e diameter of sample fixture for the unaged and
RTFO-aged asphalt binder was 25mm, and the spacing
between the upper sample fixture and lower fixture was
1mm. For temperature sweep in this study, the test tem-
peratures were 52, 58, 64, 70, 76, and 82°C; the test frequency
was 10 rad/s (i.e., 1.59Hz). )e complex modulus G∗, phase
angle δ, and the rutting factors G∗/sin δ of the SBS/RHA-
modified asphalt binder were obtained and analyzed.

3.2.2. Mixture Test Methods. )e high-temperature per-
formance of asphalt mixture in this study was evaluated
by the rutting test. )e slab samples were placed in the
chamber for rolling using a wheel. )e temperature was
60°C. )e detailed process was conducted based on
Standard Test Methods of Bitumen and Bituminous
Mixture for Highway Engineering (JTG E20-2011) [35].

)e low-temperature performance of asphalt mixture in
this study was investigated by the low-temperature bending
beam test. )e size of the bending beam was

Table 1: Technical indicators of virgin asphalt 70#.

Technical indicators Test results Technical requirements Specification
Penetration/0.1mm 70.3 60∼80 T0604-2011
Softening point/°C 48.2 ≥46 T0606-2011
Ductility at 10°C/cm 25.5 ≥20 T0605-2011
Viscosity at 60°C/Pa·s 198 ≥180 T0620-2011
Viscosity at 135°C/Pa·s 2.821 — T0620-2011

Table 2: Technical indicators of coarse aggregates.

Technical indicators
Test results of coarse aggregate

Requirement
10∼20 (mm) 5∼10 (mm) 3∼5 (mm)

Apparent relative density 2.624 2.657 2.688 —
Water absorption (%) 0.9 0.9 0.4 ≤2.0
<0.075mm content (%) 0.2 0.2 0.2 <1.0
Elongated content (%) 6.2 6.3 3.6 ≤18
Crushing value (%) 22.1 — — ≤28

Table 3: Technical indicators of fine aggregate and filler.

Technical indices Test results Requirement
Fine aggregate
Apparent relative density 2.621 ≥2.5
Sand equivalent/% 70 ≥60
<0.075mm content/% 8.5 ≤10

Filler
Apparent relative density 2.603 ≥2.5
Hydrophilic coefficient 0.7 <1
Water content/% 0.33 ≤1
<0.6mm/% 100 100
<0.15mm/% 94.6 90∼100
<0.075mm/% 79.2 75∼100
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250mm× 30mm× 35mm. )e test temperature was
−10°C± 0.5°C. )e maximum bending tensile strain, flexural
tensile strength, and bending stiffness modulus were de-
termined to evaluate the low temperature crack resistance of
asphalt mixture.

)e moisture susceptibility of the mixture in this study
was conducted by the freezing-thaw splitting test. )e de-
tailed process followed the Standard Test Methods of Bi-
tumen and Bituminous Mixture for Highway Engineering
(JTG E20-2011) [35].

4. Results and Discussion

4.1. Properties of SBS/Rice Husk Ash-Modified Asphalt Binder

4.1.1. Conventional Binder Test. )e conventional tests,
penetration, softening point, ductility, and mass loss were
conducted based on the specification called Standard Test
Methods of Bitumen and Bituminous Mixtures for Highway
Engineering (JTG E20-2011) [35]. For the penetration,
softening point, ductility tests, the asphalt binder used in
these tests were the unaged and RTFO-aged binder.

)e penetration test measures the consistency of paving
asphalt binder.)e penetration results of the asphalt binders
are shown in Figure 2. For the unaged asphalt binders, it can
be found that the addition of SBS/RHA decreased the
penetration value of the virgin asphalt binder. )is indicated
that themodified asphalt binder had harder consistency than
the virgin asphalt binder did. Meanwhile, when the content
of rice husk ash increased from zero to 5%, the penetration
decreased slightly, and when the content was 10% and 15%,
the penetration decreased more. For instance, the pene-
tration of asphalt binder SR0 was 70.3 (0.1mm), the pen-
etrations of SR5 and SR15 were 68.2 (0.1mm) and 58.6
(0.1mm), respectively, and the decreases of SR5 and SR15
were 2.9% and 16.6% compared to SR0. For the RTFO-aged,

they showed the same law when the SBS/RHA was added
into the virgin binder.)esemay be caused by the dispersion
of rice husk ash in the asphalt binder and the physical
miscibility between the rice husk ash and asphalt binder [1].

)e temperature determined by the softening point
shows the phase change for the asphalt binder. Figure 3
shows the softening point of the unaged and RTFO-aged
virgin asphalt binder and SBS/RHA-modified asphalt
binders. For the unaged and RTFO-aged asphalt binders, the
incorporation of SBS/RHA enhanced the softening point of
the virgin asphalt binder. For example, compared to SR0, the
softening point of SBS/RHA-modified asphalt binders SR2,
SR5, SR10, and SR15 and increased 4.7%, 6.0%, 8.3% and
9.3%, respectively.)is meant that the ability of themodified
asphalt binder to the deformation at the condition of high
temperature was improved. )is was consistent with the
findings based on the penetration test.

)e ductility of the unaged and RTFO-aged virgin as-
phalt binder and SBS/RHA-modified asphalt binders is
described in Figure 4. It was shown that the ductility of the
unaged modified asphalt binder slightly decreased with the
content of RHA from 2% to 10% and dramatically decreased
when the content of RHA was 15%. )e decrease of ductility
of SR5 and SR15 were 1.6% and 22.4% compared to the
virgin asphalt binder SR0. For the RTFO-aged asphalt
binder, they showed the same law with the incorporation of
SBS/RHA. In addition, the residual ductility ratios of SR0,
SR2, SR5, SR10, and SR15 were 32.2%, 32.4%, 31.8%, 31.9%,
29.3%, respectively. )is indicated that the RTFO-aging
almost had no influence on the base asphalt binder with the
addition of rice husk ash. In addition, the criteria of ductility
at 10°C for the unaged and RTFO-aged are at least 10 cm and
4 cm, and the ductility of SBS/RHA-modified asphalt
binders could meet the criteria.

Figure 5 illustrates the mass loss of the SBS/RHA-
modified asphalt binders through RTFO-aging. )e mass
loss of SR0, SR2, SR5, SR10, and SR15 was −0.276%,
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−0.276%, −0.302%, −0.309%, and −0.321%, respectively.
)ough themass loss value had a trend of increasing with the
addition of rice husk ash, the mass loss of all the modified
asphalt binders met the value requirement of the specifi-
cation, which is no more than −0.8%.

4.1.2. Rotational Viscosity Test. Asphalt binder has vis-
cosity. Viscosity refers to the ability of asphalt to resist
deformation under the action of external forces. A
characteristic reflects the internal flow of asphalt to
hinder its relative flow. )e asphalt viscosity of SR0 and
the SBS/RHA-modified asphalt binder at different

rotational speeds (10, 20, and 50 rpm) and different
temperatures (135, 150, and 175°C) are presented in
Figure 6.

Figures 6(a)–6(c) show that the viscosities of all the
modified asphalt binders at 135°C were less than 3.00 Pa·s,
which is required based on the specification. )e viscosities
of asphalt binders decreased with the increase of the test
temperature, and the decreasing value of the viscosity be-
tween 150°C and 175°C was higher than that between 135°C
and 150°C. For example, at 20 rpm, the change of viscosity
between 150°C and 175°C was 0.220 Pa·s, while the change of
viscosity between 135°C and 150°C was 0.298 Pa·s. Mean-
while, the incorporation of SBS/RHA increased the viscosity
of the base asphalt binder, and the viscosity increased with
the increase of the RHA content no matter what the rota-
tional speeds were. )is indicated that the addition of RHA
hardened the virgin asphalt binder. Take the viscosity with
the rotational speed of 20 rpm at 135°C as an example; the
increasing of viscosity of SR2, SR5, SR10, and SR15 were
1.1%, 3.9%, 7.4%, and 20.8%, respectively.

Figure 7 presents the viscosity of SR0 and the SBS/RHA-
modified asphalt binder at different rotational speeds at
90°C. Figure 7 indicates that the viscosity of different asphalt
binders at 90°C also increased with the increase of the
content of rice husk ash. Meanwhile, the increased rotational
speed contributed to the decrease of the viscosity. )is il-
lustrated that all the SBS/RHA-modified asphalt binder
showed the characteristic of a non-Newtonian fluid, which
was consistent with the previous study.

4.1.3. Temperature Sweep Test. To investigate the viscoelastic
properties and evaluate the antirutting performance of the
asphalt binder, the temperature sweep test was conducted by
DSR.

)e phase angles of the unaged and RTFO-aged virgin
asphalt binder and SBS/RHA-modified asphalt binders are
presented in Figure 8. Phase angle reflects the viscoelastic
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properties of asphalt binder, and the higher the phase angle,
the lower elastic portion. As shown in Figure 8(a), for the
unaged asphalt binder, the phase angle enhanced with the
increase of the test temperature. )is meant that higher
temperature led to lower elastic portion in the asphalt
binder. Meanwhile, the RHA also contributed to the de-
crease of the phase angle. When the temperature was 64°C,
the phase angles of SR2, SR5, SR10, and SR15 were 84.88°,
84.36°, 84.15°, and 83.36°, which decreased 0.8%, 1.5%, 1.7%,
and 2.6%, respectively. It can be found from Figure 8(b) that,
for the RTFO-aged asphalt binder, the change of phase angle
with the change of temperature and the content of rice husk

ash presented the similar trend. In Figures 8(a) and 8(b), the
phase angle of SR15 was the lowest, which meant that the
15% content of rice husk ash made the asphalt binder harder
than other modified asphalt binders in this study.

)e rutting factor is an index to evaluate the antirutting
performance of the asphalt binder; higher rutting factor
illustrates better antirutting performance. Figure 9 displays
the rutting factors of the unaged and RTFO-aged virgin and
SBS/RHA-modified asphalt binders. It can be found from
Figure 9(a) that the rutting factor decreased with the increase
of the temperature, and the decreasing trend became slow
when the test temperature was higher than 64°C. )is
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Figure 6: )e viscosity of different asphalt binders at different rotational speeds: (a) at 10 rpm; (b) at 20 rpm; (c) at 50 rpm.
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indicated that the ability of asphalt binder to resist the
rutting was dramatically decreased from 52°C to 64°C and
reduced slower when the temperature was higher than 64°C.
Meanwhile, the rutting factor slightly improved with the
addition of RHA and SBS. )e more the content of rice husk
ash, the higher the rutting factor. For instance, when the
temperature was 64°C, the rutting factors of SR10 and SR15
were 2.671 kPa and 3.453 kPa and increased to 12.9% and
46.0% compared to the SR0. Figure 9(b) shows that the
change of rutting factor of RTFO-aged asphalt binder
modified by SBS/RHA with the change of the temperature
and rice husk ash content had the similar rule compared
with the unaged modified asphalt binder. )is indicated that
the addition of SBS/RHA enhanced the high-temperature
performance of base asphalt binder.

To further analyze the effect of the test temperature on
the rutting factor of SBS/RHA-modified asphalt, a single-
factor analysis of variance was conducted. )e results are
shown in Table 4. From the table, the significance level of the
unaged and RTFO-aged asphalt binder modified by SBS/
RHA was below 0.05. It showed that the test temperature
could significantly affect the high-temperature rutting factor
of SBS/RHA-modified asphalt binder. )e value of F for the
RTFO-aged asphalt binder was higher than the unaged, so
the test temperature had a greater influence on the rutting
factor of SBS/RHA-modified asphalt binder.

4.2. Performances of the SBS/Rice Husk Ash-Modified Asphalt
Mixture

4.2.1. High-Temperature Performance. Rutting test measures
the rutting depth formed on the surface of the test sample
under the repeated action of the test wheel. )us, the dy-
namic stability (DS) and rutting depth at 60 minutes were

utilized to evaluate the high temperature performance of
asphalt mixture.

Figure 10 illustrates the dynamic stability and rutting
depth at 60 minutes of the virgin and SBS/RHA-modified
asphalt mixtures. It can be found that the dynamic stabilities
of all the SBS/RHA could meet the minimum criteria for the
summer-hot zone, which is 2400 times/mm. )e incorpo-
ration of SBS/RHA enhanced the dynamic stability and
decreased the rutting depth at 60 minutes. For mixture SR2,
the dynamic stability was 2659.6 times/mm, which increased
4.3% compared to the mixture SR0. When the content of
RHA increased from 5% to 15%, the dynamic stability in-
creased dramatically compared to the mixture SR0. For
instance, the increase of dynamic stability of mixture SR10
and SR15 was 24.23% and 34.84% compared with the virgin
asphalt mixture SR0, respectively. )e rutting depth at 60
minutes showed the same rule with the incorporation of
RHA. )is indicated that the incorporation of rice husk ash
could enhance the resistance of asphalt mixtures; the
modified asphalt mixture had high temperature
performance.

4.2.2. Low-Temperature Crack Resistance. )e maximum
tensile strain and tensile strength were tested and calculated
in this study to evaluate the low-temperature performance
crack resistance.

)e maximum tensile strain and tensile strength of the
virgin and SBS/RHA-modified asphalt mixtures are de-
scribed in Figure 11. )e SBS/RHA-modified asphalt mix-
ture had lower maximum tensile strain and tensile strength
than the virgin asphalt mixture since the downward trend of
the two curves presented with the increase of rice husk ash,
which indicated that the low temperature performance
slightly decreased with the addition of SBS/RHA. Mean-
while, when the content of RHA was higher than 2%, the
maximum tensile strain decreased more than that of the
virgin asphalt mixture. )e results obtained from the low
temperature bending beam test was consistent with the
results obtained from the ductility test at 10°C. However, the
tensile strain of mixture SR15 was 1948.33 με, which was
lower than the requirement (not less than 2000 με) for the
asphalt mixtures based on the specification. )us, the
content of rice husk ash should be not higher than 15%.

4.2.3. Moisture Susceptibility. Moisture susceptibility of
asphalt mixture is the ability to resist the peeling and
loosening of asphalt film due to water erosion.

Figure 12 shows the splitting strength before and after
freeze-thaw and tensile strength ratio (TSR) of the virgin
asphalt mixture and SBS/RHA-modified asphalt mixtures.
)e splitting strength before freeze-thaw of the SBS/RHA-
modified asphalt mixture slightly increased with the increase
of rice husk ash content. )e splitting strength of mixture
SR15 after freeze-thaw decreased significantly, and this may
be caused by the fact that the content of 15% rice husk ash
increased the stiffness of the asphalt binder more than other
contents. )e tensile strength ratio slightly decreased with
the incorporation of rice husk ash, which illustrated that the
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Figure 7: )e viscosity of different asphalt binders with different
rotational speeds at 90°C.
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Table 4: Single factor analysis of variance of rutting factor under different temperatures.

Asphalt aged Item Sum of squares df Mean square F Sig.

)e unaged
Between groups 298.021 5 59.396 48989.897 0.002
Within groups 0.013 12 0.001 — —

Total 298.034 17 — — —

)e RTFO-aged
Between groups 23971.324 5 4895.795 109924.857 0
Within groups 0.42 12 0.039 — —

Total 23971.764 17 — — —
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Figure 8: Phase angle of different asphalt binder type: (a) the unaged; (b) the RTFO-aged.
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Figure 9: Rutting factor of different asphalt binder type: (a) the unaged; (b) the RTFO-aged.
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moisture stability slightly decreased. However, the tensile
strength ratio of the virgin asphalt mixture and modified
asphalt mixture met the requirement of specification, which
should not be less than 75%.

5. Conclusions

)is research investigated the properties of SBS/RHA-modified
asphalt binder by the conventional binder test, rotational
viscosity test, and temperature sweep test and evaluated the
performances of SBS/RHA-modified asphalt mixture by the
rutting, moisture susceptibility, and low-temperature cracking.
)e main conclusions were obtained as follows.

(1) )e addition of SBS/RHA decreased the penetration
value and the ductility of the virgin asphalt binder

and enhanced the softening point of the base asphalt
binder. When the content of rice husk ash increased
from 0 to 5%, the penetration slightly decreased, and
when the content was 10% and 15%, the penetration
decreasedmore.)e ductility of the unagedmodified
asphalt binder slightly decreased with the content of
RHA from 2% to 10% and dramatically decreased
when the content of RHA was 15%. )e mass loss of
all the modified asphalt binders could meet the value
requirement of the specification.

(2) )e viscosity of asphalt binders decreased with the
increase of the test temperature. )e incorporation
of SBS/RHA increased the viscosity of the base as-
phalt binder, and the viscosity increased with the
increase of the rice husk ash content. All the SBS/
RHA-modified asphalt binders showed the charac-
teristic of a non-Newtonian fluid.

(3) For the original and RTFO-aged SBS/RHA-modified
asphalt binders, the phase angle enhanced with the
increase of the test temperature, and the RHA
contributed to the decrease of the phase angle. )e
rutting factor decreased with the increase of the
temperature, and the decreasing trend became slow
when the test temperature was higher than 64°C. )e
rutting factor slightly improved with the addition of
rice husk ash and SBS.

(4) )e incorporation of SBS/RHA enhanced the dy-
namic stability and decreased the rutting depth at 60
minutes, which meant the high temperature per-
formance of the mixture improved with the incor-
poration of SBS/RHA. )e addition of SBS/RHA
slightly decreased the moisture stability and low
temperature performance. )e tensile strain of
mixture SR15 was lower than the requirement for the
asphalt mixtures based on the specification. )e
tensile strength ratio (TSR) of the virgin and
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asphalt mixtures.
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modified asphalt mixture could meet the require-
ment of specification. For the SBS/RHA-modified
asphalt binder based on the comprehensive prop-
erties, the content of rice husk ash should not be
higher than 15%.

Data Availability

)e data used to support the findings of this study have not
been made available because the data are a part of an on-
going study (National Key Research and Development
Program of China, grant no. 2018YFB1600200).

Conflicts of Interest

)e authors declare no conflicts of interest.

Acknowledgments

)is research was funded by the National Key Research and
Development Program of China (grant no.
2018YFB1600200).

References

[1] Z. Han, A. Sha, Z. Tong et al., “Study on the optimum rice
husk ash content added in asphalt binder and its modification
with bio-oil,” Construction and Building Materials, vol. 147,
pp. 776–789, 2017.

[2] C. M. Gomes, A.-L. Garry, E. Freitas, C. Bertoldo, and
G. Siqueira, “Effects of rice husk silica on microstructure and
mechanical properties of magnesium-oxychloride fiber ce-
ment (MOFC),”Construction and BuildingMaterials, vol. 241,
2020.

[3] A. A. A. Abdelmagid and C. P. Feng, “Evaluating the effect of
rice-husk ash and crumb-rubber powder on the high-tem-
perature performance of asphalt binder,” Journal of Materials
in Civil Engineering, vol. 31, no. 12, 2019.

[4] J. Liu, C. Xie, C. Fu, X. Wei, and D. Wu, “Hydrochloric acid
pretreatment of different types of rice husk ash influence on
the properties of cement paste,”Materials, vol. 13, no. 7, 2020.

[5] Y. Yan, R. Roque, D. Hernando, and S. Chun, “Cracking
performance characterisation of asphalt mixtures containing
reclaimed asphalt pavement with hybrid binder,” Road Ma-
terials and Pavement Design, vol. 20, no. 2, pp. 347–366, 2019.

[6] Y. Yan, R. Roque, D. Hernando, and G. Lopp, “Effect of
reclaimed asphalt pavement and recycled asphalt shingles on
fracture tolerance of asphalt binders,” Journal of Testing and
Evaluation, vol. 47, no. 5, pp. 3259–3274, 2019.

[7] H. Madani, A. A. Ramezanianpour, M. Shahbazinia, and
E. Ahmadi, “Geopolymer bricks made from less active waste
materials,” Construction and Building Materials, vol. 247,
p. 10, 2020.

[8] V. Cuong Manh and B. Quang-Vu, “Effects of DOPO-grafted
epoxidized soybean oil on fracture toughness and flame re-
tardant of epoxy resin/rice husk silica hybrid,” Macromo-
lecular Research, vol. 28, pp. 826–834, 2020.

[9] J. Gao, H. Wang, C. Liu, D. Ge, Z. You, and M. Yu, “High-
temperature rheological behavior and fatigue performance of
lignin modified asphalt binder,” Construction and Building
Materials, vol. 230, 2020.

[10] J. Gao, H. Wang, J. Chen, X. Meng, and Z. You, “Laboratory
evaluation on comprehensive performance of polyurethane
rubber particle mixture,” Construction and Building Mate-
rials, vol. 224, pp. 29–39, 2019.

[11] J. Gao, H. Wang, Z. You, and M. R. Mohd Hasan, “Research
on properties of bio-asphalt binders based on time and fre-
quency sweep test,” Construction and Building Materials,
vol. 160, pp. 786–793, 2018.

[12] J. Gao, H.Wang, Z. You, M. R. M. Hasan, Y. Lei, andM. Irfan,
“Rheological behavior and sensitivity of wood-derived bio-oil
modified asphalt binders,”Applied Sciences-Basel, vol. 8, no. 6,
2018.

[13] Y. Sheng, B. Zhang, Y. Yan, H. Li, Z. Chen, and H. Chen,
“Laboratory investigation on the use of bamboo fiber in asphalt
mixtures for enhanced performance,” Arabian Journal for Science
and Engineering, vol. 44, no. 5, pp. 4629–4638, 2019.

[14] W. Xu, T. Y. Lo, and S. A. Memon, “Microstructure and
reactivity of rich husk ash,” Construction and Building Ma-
terials, vol. 29, pp. 541–547, 2012.

[15] P. Nuaklong, P. Jongvivatsakul, T. Pothisiri, V. Sata, and
P. Chindaprasirt, “Influence of rice husk ash on mechanical
properties and fire resistance of recycled aggregate high-
calcium fly ash geopolymer concrete,” Journal of Cleaner
Production, vol. 252, 2020.

[16] P. Rattanachu, P. Toolkasikorn, W. Tangchirapat,
P. Chindaprasirt, and C. Jaturapitakkul, “Performance of
recycled aggregate concrete with rice husk ash as cement
binder,” Cement & Concrete Composites, vol. 108, 2020.

[17] S. K. S. Hossain, R. Pyare, and P. K. Roy, “Synthesis of in-situ
mullite foam using waste rice husk ash derived sol by slip-
casting route,” Ceramics International, vol. 46, no. 8,
pp. 10871–10878, 2020.

[18] G. G. Holzschuh, D. S. Dorr, J. A. R. Moraes, and S. B. Garcia,
“Metal matrix production: casting of recycled aluminum cans
and incorporation of rice husk ash and magnesium,” Journal
of Composite Materials, vol. 54, no. 22, pp. 3229–3241, 2020.

[19] M. Zahedi, A. A. Ramezanianpour, and A. M. Ramezanianpour,
“Evaluation of themechanical properties and durability of cement
mortars containing nanosilica and rice husk ash under chloride
ion penetration (vol. 78, pg 354, 2015),”Construction and Building
Materials, vol. 246, 2020.

[20] L. H. )anh and H.-M. Ludwig, “Alkali silica reactivity of rice
husk ash in cement paste,” Construction and Building Ma-
terials, vol. 243, Article ID 118145, 2020.

[21] N. K. Shatarat, H. N. Katkhuda, K. H. Hyari, and I. Asi, “Effect
of using recycled coarse aggregate and recycled asphalt
pavement on the properties of pervious concrete,” Structural
Engineering and Mechanics, vol. 67, no. 3, pp. 283–290, 2018.

[22] A. Shadmani, B. Tahmouresi, A. Saradar, and E. Mohseni,
“Durability and microstructure properties of SBR-modified
concrete containing recycled asphalt pavement,” Construction
and Building Materials, vol. 185, pp. 380–390, 2018.

[23] C. Suksiripattanapong, T.-A. Kua, A. Arulrajah, F. Maghool,
and S. Horpibulsuk, “Strength and microstructure properties
of spent coffee grounds stabilized with rice husk ash and slag
geopolymers,” Construction and Building Materials, vol. 146,
pp. 312–320, 2017.

[24] K. C. Onyelowe, D. Bui Van, O. Ubachukwu et al., “Recycling
and reuse of solid wastes; a hub for ecofriendly, ecoefficient
and sustainable soil, concrete, wastewater and pavement
reengineering,” International Journal of Low-Carbon Tech-
nologies, vol. 14, no. 3, pp. 440–451, 2019.

[25] P. J. Ramadhansyah, Y. Haryati, A. H. Norhidayah et al.,
“Creep and resilient modulus properties of asphaltic

10 Advances in Materials Science and Engineering



concrete containing black rice husk ash,” in Proceedings of
the 12th International Civil Engineering Post Graduate
Conference 2019, Colombus, OH, USA, September 2019.

[26] P. J. Ramadhansyah, R. N. Irwan, A. M. Idris et al., “Stability
and voids properties of hot mix asphalt containing black rice
husk ash,” IOP Conference Series: Earth and Environmental
Science, vol. 244, Article ID 012044, 2019.

[27] M. Zagvozda, S. Dimter, T. Rukavina, and I. N. Grubesa,
“Possibilities of bioash application in road building,” Gra-
devinar, vol. 70, no. 5, pp. 393–402, 2018.

[28] A. Ameli, R. Babagoli, N. Norouzi, F. Jalali, and
F. P. Mamaghani, “Laboratory evaluation of the effect of coal
waste ash (CWA) and rice husk ash (RHA) on performance of
asphalt mastics and Stone matrix asphalt (SMA) mixture,”
Construction and Building Materials, vol. 236, 2020.

[29] M. Arabani and S. A. Tahami, “Assessment of mechanical
properties of rice husk ash modified asphalt mixture,” Con-
struction and Building Materials, vol. 149, pp. 350–358, 2017.

[30] R. Mistry, S. Karmakar, and T. Kumar Roy, “Experimental
evaluation of rice husk ash and fly ash as alternative fillers in
hot-mix asphalt,” Road Materials and Pavement Design,
vol. 20, no. 4, pp. 979–990, 2019.

[31] R. Putra Jaya, M. Rosli Hainin, N. Abdul Hassan et al.,
“Marshall stability properties of asphalt mixture incorpo-
rating black rice husk ash,” Materials Today: Proceedings,
vol. 5, no. 10, pp. 22056–22062, 2018.

[32] R. Romastarika, R. P. Jaya, H. Yaacob, F. M. Nazri,
I. Agussabti, and D. S. Jayanti, “Effect of black rice husk ash on
the physical and rheological properties of bitumen,” in Pro-
ceedings of the International Conference on Applied Physics
and Engineering 2017, Shanghai, China, November 2017.

[33] P. J. Ramadhansyah, A. N. Azlan, Y. Haryati et al., “Effects of
black rice husk ash on asphalt mixture under aging condi-
tion,” in Proceedings of the 12th International Civil Engi-
neering Post Graduate Conference 2019, Colombus, OH, USA,
September 2019.

[34] S. A. Tahami, M. Arabani, and A. Foroutan Mirhosseini, “Usage
of two biomass ashes as filler in hot mix asphalt,” Construction
and Building Materials, vol. 170, pp. 547–556, 2018.

[35] Ministry of Transport of the People’s Republic of China,
Standard Test Methods of Bitumen and Bituminous Mixture
for Highway Engineering, China Communications Press Co.,
Ltd, Beijing, China, 2011.

[36] Ministry of Transport of the People’s Republic of China,
Technical Specifications for Construction of Highway Asphalt
Pavements, China Communications Press Co., Ltd, Beijing,
China, 2004.

[37] Z. Kang, Study on the Effect of Rice Husk Ash on the Per-
formance of Asphalt and Asphalt Mixture, p. 56, Department
of Civil Engineering, Dalian University of Technology, Dalian,
China, 2019.

[38] J. Gao, H. Wang, Y. Bu, Z. You, X. Zhang, and M. Irfan,
“Influence of coarse-aggregate angularity on asphalt mixture
macroperformance: skid resistance, high-temperature, and
compaction performance,” Journal of Materials in Civil En-
gineering, vol. 32, no. 5, 2020.

[39] C. Liu, S. Lv, X. Peng, J. Zheng, and M. Yu, “Analysis and
comparison of different impacts of aging and loading fre-
quency on fatigue characterization of asphalt concrete,”
Journal of Materials in Civil Engineering, vol. 32, no. 9, Article
ID 04020240, 2020.

Advances in Materials Science and Engineering 11


