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ABSTRACT

This study investigates the feasibility of low-grade hard asphalt in high-temperature regions. We conducted an
analysis of the high-temperature rheological properties of asphalt before and after short-term and long-term
aging using the dynamic shear rheological (DSR) test and multi-stress creep recovery (MSCR) test. Addition-
ally, the road performance of the asphalt mixture was studied by rutting test and low temperature beam bending
test. The results indicate that the 30# asphalt demonstrates superior anti-rutting performance compared to the
50# asphalt. Furthermore, the rutting factor and fatigue factor of the 30# asphalt during aging are significantly
higher than those of the 50# asphalt. With increasing temperature, stress level, and stress action time, the strain
of the asphalt gradually increases. The unrecoverable creep compliance of the 50# asphalt exceeds that of the
30#. Although the high-temperature performance of the 30# asphalt mixture outperforms that of the 50# asphalt
mixture, it exhibits lower flexural tensile strength and deformation ability at low temperatures compared to the
50# asphalt mixture. Overall, low-grade asphalt demonstrates relatively stable stress variations and exhibits
good high-temperature stability.
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1. INTRODUCTION
Low-grade hard asphalt exhibits characteristics such as low penetration, high rigidity, and high hardness [1].

Low-grade asphalt mixture refers to asphalt with high permeability and low viscosity, typically exhibit-
ing permeability within the range of 40—80 dmm. Low-grade asphalt is characterized by low penetration, high
rigidity, and high hardness [1]. France initiated research on low-grade hard asphalt as early as the 1960s, leading
to significant advancements [2, 3]. In the early 21st century, the specification included the use of high modulus
asphalt mixture prepared with hard asphalt.

Numerous studies have demonstrated that low-grade asphalt mixtures exhibit favorable rheological prop-
erties at elevated temperatures [4, 5]. The low viscosity of low-grade asphalt mixtures facilitates the formation
of a dense asphalt film at high temperatures, thereby enhancing pavement shear and deformation resistance.
NASCIMETO et al. [6] focused on hard asphalt mixtures as their primary research subject and assessed them
using the Hamburg rutting test, which revealed excellent resistance to high-temperature deformation.

To investigate the deformation and flow of asphalt under external forces, rheological parameters are com-
monly employed to assess asphalt pavement performance [7] and analyze the impact of aging on asphalt material
rheological properties [8, 9]. The high-temperature rheological properties of asphalt are studied using Dynamic
Shear Rheometer (DSR) tests, and the rutting factor (G* / sind) is employed to evaluate its high-temperature
performance [10, 11]. Additionally, the Multi-Stress Creep Recovery (MSCR) test has been suggested by some
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researchers as an effective method to assess the rheological properties of asphalt, where the high-temperature
performance is evaluated based on creep recovery rate and non-recoverable creep compliance [12, 13].

Under high-temperature conditions, low-grade asphalt mixture exhibits excellent performance and stability,
making it suitable for use in road construction in hot regions. However, JUDYCKI et al. [14] and KOMARAGIRI
et al. [15] found that hard asphalt performs poorly at low temperatures compared to regular asphalt. ESPERSSON
[16] conducted experiments on hard asphalt at various temperatures and observed that the modulus and viscosity
of hard asphalt mixture were higher at lower temperatures. In summary, low-grade hard asphalt offers advantages
such as rutting resistance, reduced pavement stiffness, and material savings. It can serve as an effective combina-
tion for high-modulus asphalt mixtures and long-life asphalt pavements [17, 18]. However, further investigation
is required to determine the low-temperature performance of low-grade asphalt mixtures.

Over time and under changing environmental conditions, asphalt undergoes an inevitable aging process,
resulting in a gradual decline in performance [19, 20]. As the use of low-grade asphalt in asphalt mixtures is rel-
atively recent, research on its aging performance remains limited. Various factors, such as temperature, oxygen,
ultraviolet radiation, humidity, and vehicle load [21, 22], influence the aging of asphalt, leading to the fracture
of asphalt molecular chains, oxidation reactions, and changes in chemical composition, consequently altering
the physical and chemical properties of asphalt [23, 24]. Additionally, asphalt aging affects its adhesion to aggre-
gates and interactions with the environment, thereby impacting road stability and durability [25, 26]. Compared
to high-grade asphalt, low-grade hard asphalt may exhibit different behaviors and performance changes during
aging, necessitating comprehensive research.

In terms of engineering applications, low-grade asphalt mixtures have found extensive use in road con-
struction, especially in high-temperature areas. According to MITTAL et al. [27], experimental analysis demon-
strated that the application of new hard asphalt can reduce the thickness of the dense asphalt gravel layer,
resulting in significant savings in materials and funds. Moreover, the cost of low-grade asphalt mixtures is
relatively low, making them economically feasible for large-scale road construction projects.

This paper focuses on investigating the rheological properties of 30# and 50# low-grade virgin asphalt
under various temperatures and aging conditions using dynamic shear rheometer (DSR) and multiple stress
creep recovery test (MSCR). Additionally, it examines the performance of low-grade asphalt mixtures. The
findings offer valuable suggestions and technical support for the practical implementation of low-grade asphalt
in high-temperature areas.

2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Asphalt

The study selected Karamay 30 # and 50 # asphalt produced locally in Xinjiang, and the asphalt technical indi-
cators are shown in Table 1.

2.1.2. Aggregate

The aggregate is limestone, and the mineral powder is ground limestone powder. The test results of aggregate
properties are shown in Table 2.

2.1.3. Gradation

The mineral aggregate used in this study followed the gradation range based on the median value of AC-25
gradation. By optimizing the sieve content, a new AC-25 gradation design curve was developed. The resulting

Table 1: Low-grade asphalt technical indicators.

ASPHALT (25°C, 100g, 5s) SOFTENING (5¢m - min?, 5 °C) 135°C DYNAMIC
PENETRATION POINT (°C) DUCTILITY (cm) | VISCOSITY (Pa - S)
(0.1 mm)
30# 26 57.4 22.5 1064.32
50# 43.9 53.3 >100 353.6
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Table 2: Aggregate technical indicators.
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TESTING ITEMS PARTICLE SIZE TEST VALUE TECHNICAL
(mm) REQUIREMENTS
9.5-13.2 14.64 <26
Crush value (%) 4.75-9.5 6.73 <18
9.5-16 7.91 <12
. 16-19 5.40 <12
Needle flake particle content (%) 19265 — =1
1
- ~-A-- Gradation upper limiti . 74
~ 90-.v-- Gradation lower limit| ',~“ ,‘”,
f\j 80 Gradation median A _//
o 704 —@— Adjusted gradation /A’ ,,/V'
£ 50 | | =7 v./v
g 40 1 ‘ +',~" /.’/
:§ 30 | Y
£ 20- A
S 104 A‘* v
oo S
0 I(’) IQ) Ih) |b I% Ib I% IQ) I(\I |b lq % I%
Qé'\g'?g. N \'7 (\f:, v{\ S -Q’ NN (\"0 r»')\'

Sieve Size (mm)

Figure 1: AC-13C coarse dense grading.

synthetic gradation curve is presented in Figure 1. The optimum asphalt content for the 30# and 50# low-grade
asphalt mixtures was determined through the Marshall test to be 4.07% and 4.10%, respectively.

2.2. Test methods

2.2.1. Thermal-oxidative aging

The short-term aging of the asphalt samples was conducted using the rotating thin film oven test (RTFOT). A
clean aging bottle was prepared for this purpose. Approximately 35g + 0.5g of the original asphalt was loaded
into the bottle and allowed to cool to room temperature. The aging bottle was then inserted into each hole of
the oven ring frame, and the flow meter was adjusted to maintain an air flow rate of 4000 mL/min + 200 mL/
min. The aging bottle was subjected to continuous heating at a temperature of 163.0 + 0.5 °C for a duration of
85 minutes. Subsequently, the sample was quickly poured into a pre-prepared container to obtain the short-term
aged asphalt sample.

The long-term aging Pressure Aging Vessel (PAV) test was conducted on the samples after the RTFOT
test. The test utilized the Prentex 9500 PAV pressure aging container manufactured by Euro-American Land
Company. The instrument was first opened and preheated to 100 °C. Meanwhile, approximately 50 = 0.5g of
the residue from the RTFOT test was weighed and loaded into the aging sample tray, which was then placed
on the designated sample rack. Once the temperature reached 100 °C, the sample holder was placed inside the
pressure vessel, and the vessel was sealed. The temperature was allowed to stabilize at around 99 °C, and then
air pressure of 2.1 MPa = 0.1 MPa was supplied for a duration of 20 hours. If the temperature during the aging
process fell below 99.5 °C or exceeded 100.5 °C, and the duration exceeded 60 minutes, the aging test was
considered unsuccessful.

2.2.2. DSR test

DSR tests were conducted on 30# and 50# asphalt samples before and after aging at various temperatures using a
dynamic shear rheometer manufactured by TA Instruments, an American company. The fixed loading frequency
was set at 10 rad/s, and the test temperature range spanned from 52 °C to 82 °C, with each test interval being
6 °C. The DSR test employed a parallel plate configuration with a diameter of 25 mm and a gap of 1 mm
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between the upper and lower plates. The test measured the complex modulus G*, phase angle 6, and rutting
factor G* / sind of the low-grade asphalt before and after aging.

2.2.3. MSCR test

The MSCR (Multiple Stress Creep Recovery) test of asphalt was conducted using a dynamic shear rheometer.
The test involved subjecting the asphalt sample to loading and unloading cycles. The MSCR test consisted of
two stages. In the first stage, the asphalt sample was subjected to a creep phase of 1 second followed by a recov-
ery deformation phase of 9 seconds, under a stress condition of 0.1 kPa. This cycle was repeated 10 times. In the
second stage, the asphalt sample was subjected to a creep phase of 1 second followed by a recovery deformation
phase of 9 seconds, under a stress condition of 3.2 kPa. This cycle was also repeated 10 times. The test tempera-
tures for the MSCR test were 52 °C, 64 °C, 72 °C, and 82 °C.

The test index R and the calculation process of J, are as Equations (1) and (2), where g is the strain
measured at the beginning of creep, ¢, is the strain measured at the end of creep, and ¢, is the strain value at the
end of the recovery part of a single cycle.

£, —&

(0, N) = )]
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R(o,N)=—-—2Lx100

@.N)= e @

Where: ¢ is the applied stress, kPa; n is the number of creep and cycles; J (o, N) is the unrecoverable
creep compliance measured under a given cycle, kPa™'; R (o, N) is the creep recovery rate measured under a
given cycle, %.

The evaluation indexes used in this paper are R |, R, ,, J, |, J, ,, respectively, the average value of creep
recovery rate under 0.1 kPa stress, the average value of creep recovery rate under 3.2 kPa stress, the average
value of unrecoverable creep compliance under 0.1 kPa stress, and the average value of unrecoverable creep

compliance under 3.2 kPa stress, as shown in Equations (3) to (6).
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The relative difference of unrecoverable creep compliance J iy and the relative difference of creep
recovery rate R, are calculated by Equations (7) and (8). :

J -J
Jnrd!ff — [ nr3.2 nrO.l] %100 (7)

nr0.1
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Rd,ﬁ. = —Ro 1 x100 (8)
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2.2.4. Rutting test

First, rut plate specimens measuring 300 mm x 300 mm % 50 mm were prepared by wheel rolling at a tempera-
ture of 25 °C. These specimens were then allowed to rest at room temperature for 48 hours to stabilize. Next,
the specimens were placed inside an environmental box set at a temperature of 60 °C + 1 °C for a duration of
6 hours. Following the conditioning period, the rut test was conducted using a rut tester. The test wheel was
positioned at the center of the specimen, and the test temperature was maintained at 60 + 0.5 °C. The test wheel
traversed back and forth over the specimen for a total duration of 1 hour. The deformation curve and specimen
temperature were continuously recorded by an automated rut deformation recorder throughout the test.

2.2.5. Low temperature beam bending test

The rutting plate is trimmed after being removed from the mold to obtain a prismatic trabecular specimen with
dimensions of 250 mm X% 30 mm x 35 mm. A UTM (Universal Testing Machine) pavement material testing
machine was utilized for single-point loading, with a loading rate of 50 mm/min. The testing temperature was
maintained at —10 °C. During the experiment, the force-displacement curve was recorded to determine the flex-
ural tensile strength at failure, the maximum flexural tensile strain at the bottom of the beam after failure, and
the flexural stiffness modulus at failure.

3. RHEOLOGICAL PROPERTIES OF LOW-GRADE ASPHALT
3.1. High temperature viscoelastic analysis of asphalt based on temperature scanning

3.1.1. Complex shear modulus

The complex modulus G* is an indicator of asphalt’s resistance to deformation. A higher value indicates a
stronger ability to resist deformation. Figure 2 presents the complex modulus curves of 30# and 50# low-grade
asphalt before and after aging, specifically focusing on warm mix asphalt with temperature variations. The graph
demonstrates a decreasing trend in G* as temperature increases, indicating a reduction in asphalt’s deformation
resistance with rising temperature. Both types of asphalt exhibit similar decreasing trends in complex shear
modulus, characterized by an initial rapid decline followed by a slower decrease, eventually reaching a stable
state. The rate of decline in the temperature range of 52 °C to 70 °C is higher than that in the range of 70 °C to
82 °C. This can be attributed to the diminished anti-deformation capability of asphalt at higher temperatures,
leading to a decrease in deformation rate once a certain threshold is reached. Notably, after aging, the complex
shear modulus of both types of asphalt shows a significant increase. A comparison between the aging methods
of RTFOT and PAV reveals that PAV aging exerts the greatest influence on asphalt, resulting in the highest resis-
tance to dynamic shear deformation among the two aging methods.

3.1.2. Phase angle

The phase angle § provides insight into the balance between the viscous and elastic components of asphalt binder.
A larger 6 indicates a higher proportion of the viscous component, resulting in a weaker recovery deformation
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Figure 2: Complex shear modulus under different aging conditions and different temperatures: (a) 30# asphalt; (b) 50#
asphalt.
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Figure 3: Phase angle under different aging conditions and different temperatures: (a) 30# asphalt; (b) 50# asphalt.
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Figure 4: Rutting factor under different aging conditions and different temperatures: (a) 30# asphalt; (b) 50# asphalt.

ability under stress load. Conversely, a larger proportion of the elastic component corresponds to a better recov-
ery deformation ability. Figure 3 presents the phase angle curves of the two types of low-grade asphalt before
and after aging. It is observed that the phase angle of 50# asphalt is higher than that of 30#, indicating a higher
viscosity ratio for the former. As the test temperature increases, the phase angle of both asphalt types gradually
increases, signifying an increase in the proportion of viscous components and a decrease in the proportion of
elastic components with rising temperature. In the temperature range of 52 °C to 82 °C, the growth rate of the
phase angle gradually decreases. For example, the growth rate of the phase angle for 30# virgin asphalt within
this temperature range is 2.95%, 2.75%, 2.37%, 2.03%, and 1.7%, respectively. Similar trends are observed for
other asphalt samples, indicating that as aging progresses, the influence of temperature on the phase angle of
asphalt diminishes, and the viscoelastic properties of asphalt tend to stabilize. Additionally, at the same tempera-
ture, the effect of PAV aging on the phase angle of asphalt is greater than that of RTFOT aging, consistent with
the effect on the complex shear modulus.

3.1.3. Rutting factor

The combination of G* and § provides a comprehensive evaluation of asphalt performance. The rutting factor,
represented by G* / sind at the test temperature, characterizes the asphalt pavement’s resistance to permanent
deformation. A higher rutting factor indicates less flow deformation and better anti-rutting performance at the
highest pavement design temperature. Figure 4 illustrates the rutting factors of the two asphalt types under dif-
ferent test conditions. Overall, the rutting factors decrease with increasing temperature, indicating reduced shear
deformation resistance as temperature rises. This decrease is particularly pronounced in the range of 52 °C to
70 °C, signifying a rapid loss of elastic deformation ability in asphalt. However, as the temperature continues to
rise, the curve gradually stabilizes, suggesting a similar level of anti-rutting ability. Notably, the rutting factor
of 30# asphalt is consistently higher than that of 50# asphalt, indicating its stronger anti-rutting ability. Further-
more, the anti-rutting performance varies under different aging conditions. PAV aging has the greatest impact,
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Figure 5: Creep recovery curves of asphalt under different aging conditions (0.1 kPa): (a) 30# asphalt; (b) 50# asphalt.

compared to RTFOT aging and UV aging. For instance, at 52 °C, the rutting factor of 30# asphalt increases by
65.18% and 218.06% after RTFOT and PAV aging, respectively, while the rutting factor of 50# asphalt increases
by 43.55% and 202.6% under the same conditions. Long-term aging significantly enhances the rutting factor,
indicating that aging improves the anti-rutting performance of low-grade asphalt. Some studies have shown that
the rutting factor is not suitable for analyzing the rutting performance of asphalt [28, 29]. Therefore, this paper
further uses the MSCR test to further analyze the high temperature rheological properties of low-grade asphalt.

3.2. MSCR TEST

3.2.1. Creep recovery curve

The MSCR test allows us to obtain the creep and recovery curves of asphalt at various stress levels and tempera-
tures, enabling the calculation of the unrecoverable creep compliance and creep recovery rate. Figure 5 depicts
the creep and recovery curves of the two asphalt samples at a temperature of 76 °C and a stress level of 0.1 kPa.

From Figure 5, it is evident that at the same stress level, the strain of 50# asphalt is considerably higher
than that of 30# asphalt. Moreover, an increase in temperature results in an increase in asphalt strain, with higher
temperatures exhibiting higher strain growth rates. Generally, each cycle of the creep curve exhibits a creep
recovery stage. The virgin asphalt depicted in the Figure 5 displays smallest creep among the three asphalts,
while the aged asphalt exhibits slight creep, particularly the PAV-aged asphalt, which demonstrates a more pro-
nounced creep recovery stage. This indicates that aged low-grade asphalt exhibits some flow deformation char-
acteristics at high temperatures. However, as aging progresses, asphalt strain decreases, and the creep recovery
curve shifts downwards. The creep recovery curve of the PAV-aged asphalt is positioned at the bottom of the
diagram, suggesting a significant reduction in asphalt strain under stress. This phenomenon indicates that aging
leads to the “hardening” of the asphalt pavement, with a deeper degree of aging resulting in a more pronounced
“hardening” effect. This is consistent with the results of JULAGANTI et al. [30].

3.2.2. Unrecoverable creep compliance

The unrecoverable creep compliance Jis a measure of asphalt’s resistance to permanent deformation. A smaller
J, value indicates a stronger ability to resist deformation and better high-temperature performance. Figure 6
illustrates the J, values of low-grade asphalt under various aging conditions, calculated at stress levels of 0.1
kPa and 3.2 kPa.

Figure 6 illustrates the behavior of the unrecoverable creep compliance J, for low-grade asphalt under
different aging conditions at stress levels of 0.1 kPa and 3.2 kPa. Overall, at the same stress level, the J of the
asphalt increases with temperature. For example, under 0.1 kPa stress, the J of 30# virgin asphalt increases
from 12.299 kPa™' at 52 °C to 853.664 kPa™' at 82 °C, while the J of 50# virgin asphalt increases from
35.082 kPa! to 1888.838 kPa ™! over the same temperature range. It is evident that the deformation resistance
of 50# virgin asphalt is inferior to that of 30# asphalt. Notably, the J,  exhibits significant changes in the high-
temperature range, while it remains relatively stable at low temperatures. This indicates that high temperatures
greatly affect the anti-deformation ability of asphalt. Moreover, after RTFOT aging, the J _values of both 30#
and 50# asphalt increase, with 30# asphalt experiencing an increase of 495.949 kPa ' under 0.1 kPa stress and
626.313 kPa ™' under 3.2 kPa stress from 52 °C to 82 °C. Similarly, the J of 50# asphalt increases by 1127.674
kPa™' and 1425.283 kPa™' under the same temperature and stress conditions. These results highlight that the
deformation resistance of 50# asphalt is inferior to that of 30# asphalt.
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The stress level has an impact on the magnitude of the J,  for virgin asphalt, with higher stress levels
resulting in larger J values compared to lower stress levels. This indicates that higher stress loads exerted on
the asphalt lead to poorer anti-deformation ability, highlighting that the asphalt performs better under low stress
conditions. Similarly, at the same stress level and temperature, the J, - of the asphalt decreases after aging, which
is consistent with the analysis results of LIU et al. [31]. For instance, at 0.1 kPa and 52 °C, the J _of 30# virgin
asphalt decreases by 56.5% and 90.4% after RTFOT and PAV aging, respectively, while the J of 50# virgin
asphalt decreases by 50.8% and 88.8% under the same aging conditions. These findings demonstrate that aging
reduces the J of the asphalt, with a more pronounced reduction observed with higher degrees of aging. More-
over, upon comparing the J, creep curves of asphalt in Figure 6, it is apparent that the curve for aged asphalt
shifts downwards, with the PAV aging curve located at the bottom of the figure. This indicates that PAV aging
enhances the high-temperature deformation resistance of the asphalt, as reflected by its smaller irrecoverable
creep compliance values.

3.2.3. Creep recovery rate

The creep recovery rate (R) is a measure of asphalt’s ability to recover from deformation. A higher value indi-
cates a stronger deformation recovery ability. Figure 7 presents the R of low-grade asphalt under various aging
conditions, calculated at stress levels of 0.1 kPa and 3.2 kPa.

It is evident from Figure 7 that the R decreases as the temperature increases. This decrease is more pro-
nounced in the lower temperature range (e.g., 52 °C to 70 °C), while it is relatively smaller in the higher tempera-
ture range. Particularly under a stress level of 3.2 kPa, the curve exhibits a gentler slope at higher temperatures,
indicating a poorer creep recovery rate. Comparing the creep recovery rates under different stress levels, it is
observed that asphalt exhibits lower creep recovery performance under higher stress levels. For instance, at a
temperature of 64 °C, the creep recovery rate of 30# Virgin asphalt is 9.12% at 0.1 kPa stress, whereas it reduces
to 3.03% at 3.2 kPa stress, indicating a 66.8% decrease in creep recovery performance. Similarly, at the same
temperature, the creep recovery rate of 50# Virgin asphalt is 7.57% at 0.1 kPa stress, but it drops significantly
to 0.077% at 3.2 kPa stress, representing a 98% reduction in creep recovery performance. In conclusion, high
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stress levels have a substantial impact on asphalt’s creep performance, and 30# asphalt demonstrates superior
creep recovery performance compared to 50#.

Under the same stress level and temperature condition, an increase in the aging degree of asphalt results
in an increase in its creep recovery rate. Specifically, in the case of PAV aging, the curve is positioned at the
upper part of the graph, indicating that aging facilitates the transition of asphalt from a viscous state to an elastic
state. This transition leads to an increase in the elastic ratio and rigidity of the asphalt, thereby improving its
creep recovery rate. Consequently, the asphalt becomes more elastic and structurally stable. ZHANG et al. [32]
also showed the same trend in the MSCR study of six modified asphalts with multiple modifiers and different
modifier contents. However, at 76 °C, the creep recovery rate of certain asphalt samples, such as 30# and 50#
Virgin asphalt under 3.2 kPa stress, becomes less than zero. This suggests that the internal structure of the
asphalt has been compromised, and its elastic properties have undergone significant changes. As a result, the
deformation stability of the asphalt pavement is compromised, increasing the likelihood of cracks, deformations,
and other pavement distresses.

3.2.4. The relative difference of irreversible creep compliance and the relative difference of creep
recovery rate

In general, the stress sensitivity of asphalt can be characterized by two indices: the relative difference of unre-
coverable creep compliance (/| i) and the relative difference of creep recovery rate (R i) These indices provide
insights into the nonlinear behavior of asphalt materials and the elastic stability of asphalt, respectively. A higher
Lo iy value indicates a more pronounced nonlinear response of asphalt to varying stress levels, while a lower
R,y value signifies better elastic stability of the asphalt. The corresponding results are presented in Figure 8 and
Table 3.

It is evident from Figure 8 that the J iy values of both virgin asphalts comply with the requirements of

the AASHTO M 332-20 standard, which specifies a maximumJ dlﬁ.value 0f 75%. Overall, the J | dl.ﬂ,value of 30#
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Figure 8: The relative difference of unrecoverable creep compliance of virgin asphalt: (a) 30#asphalt; (b) 50#asphalt.

Table 3: The relative difference of creep recovery rate (%).

ASPHALT TEMPERATURE VIRGIN RTFOT PAV
52°C 13.04 10.00 6.88
300 64 °C 66.83 47.31 22.61
76 °C 237.82 99.17 76.46
82°C 307.60 152.55 85.90
52°C 44.01 23.96 9.34
64 °C 98.09 81.66 48.96
0% 76 °C 963.59 210.22 94.64
82°C 1193.28 694.27 120.51

asphalt is lower than that of 50# asphalt, indicating that 30# asphalt exhibits better resistance to stress changes
and higher high temperature stability. However, for 30# asphalt, the J i values after RTFOT at 76 °C and PAV
at 82 °C are higher than those of 50# asphalt. Additionally, the J dl.ﬁ.of 50# asphalt remains relatively stable after
76 °C, while the J iy of 30# asphalt continues to increase. This suggests that the aged 30# asphalt may have a
higher temperature sensitivity compared to the aged 50# asphalt at higher temperatures.

From the observations in Table 3, it is evident that the R i values of asphalt increase as the temperature
rises. This indicates that higher temperatures make the asphalt more sensitive to stress changes and further
diminish its elastic recovery performance. Furthermore, as the aging degree of asphalt intensifies, the R i value
gradually decreases. Notably, the R i value is the lowest for PAV aging, suggesting that the elastic recovery
performance of asphalt is less influenced by stress after aging.

Overall, 30# asphalt exhibits better high temperature stability compared to 50# asphalt. It also demon-
strates superior temperature sensitivity and elastic sensitivity when compared to 50# asphalt. It should be noted
that as the temperature increases, the temperature sensitivity and elastic sensitivity of low-grade asphalt dete-
riorate. Additionally, prolonged aging time further diminishes the temperature sensitivity of low-grade asphalt
while increasing its elastic sensitivity.

4. ROAD PERFORMANCE OF LOW-GRADE ASPHALT MIXTURE

4.1. Rutting resistance performance

In this study, the high temperature stability of low-grade asphalt mixture was assessed through rutting tests.
The rutting tests were conducted on the optimized 30# and 50# low-grade asphalt mixtures at the recommended
asphalt content. The results of the tests are presented in Figure 9. The tests were performed at a temperature of
60 °C to evaluate the rutting performance of the asphalt mixture under high temperature conditions. Addition-
ally, to further investigate its performance, a rutting test was conducted at an elevated temperature of 70 °C.
The dynamic stability parameter was used to assess the high temperature anti-rutting performance of the asphalt
mixture, where higher values indicate better performance.
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Table 4: Low temperature bending test results.
ASPHALT MIXTURE BENDING MAXIMUM BENDING | BENDING STIFFNESS
STRENGTH (Mpa) STRAIN (pe) MODULUS (MPa)
52°C 13.04 6.88
64 °C 66.83 22.61
30#
76 °C 237.82 76.46
82°C 307.60 85.90
52°C 44.01 9.34
64 °C 98.09 48.96
50#
76 °C 963.59 94.64
82°C 1193.28 120.51

As depicted in Figure 9, both asphalt mixtures exhibit dynamic stability values exceeding 1000 times/mm,
thereby satisfying the high temperature stability requirements for asphalt mixtures. Notably, the dynamic sta-
bility of the 30# asphalt mixture is notably higher than that of the 50# asphalt mixture. Specifically, at 60 °C,
the dynamic stability of the 30# asphalt mixture is nearly double that of the 50# asphalt mixture. This finding
indicates that the high temperature stability of the 30# asphalt mixture is significantly superior to that of the
50# asphalt mixture. Thus, lower-grade asphalt demonstrates improved high temperature stability. Furthermore,
when the ambient temperature is raised to 70 °C, the dynamic stability of both asphalt mixtures decreases sig-
nificantly, while maintaining a consistent trend with the results obtained at 60 °C.

4.2. Low-temperature stability

The low-temperature performance of different grade asphalt mixtures was assessed through the low-temperature
trabecular bending test, and the results are presented in Table 4. It can be observed that the flexural strength of
the 30# asphalt mixture is lower than that of the 50# asphalt mixture, and are lower than the commonly used
asphalt mixture [33], indicating a weaker resistance to flexural load. The bending stiffness modulus refers to the
resistance of asphalt mixture to deformation under bending action at low temperatures. It reflects the rigidity
and deformation resistance of the asphalt mixture at low temperatures. Generally, the lower the bending stiff-
ness modulus, the better the flexibility and deformation resistance of the asphalt mixture at low temperatures.
The bending stiffness modulus of 50# asphalt is lower than that of 30# asphalt mixture, indicating that the 50#
asphalt mixture has superior low-temperature resistance to bending and stretching. Similarly, the strain of the
30# asphalt mixture is smaller compared to the 50# asphalt mixture, suggesting a lesser capacity to withstand
bending deformation. However, it is important to note that the evaluation of low-temperature behavior solely
based on bending strain is limited. In practical applications, the low-temperature failure of asphalt mixtures
typically occurs through creep fracture under continuous loads. The driving load experienced by the pavement
is unlikely to replicate the effect of a single load that causes immediate pavement failure. Moreover, low-grade
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asphalt mixtures are commonly used in the intermediate and lower layers of high-temperature regions, where
the extreme low-temperature conditions are less severe compared to surface layers. Therefore, considering these
factors, the risk of low-temperature cracking is minimal when utilizing 30# and 50# asphalt mixtures in the
intermediate and lower layers of high-temperature areas.

5. CONCLUSIONS

The key findings and conclusions of this research are outlined below.

(1) The rheological properties of asphalt were assessed through DSR tests, both before and after aging. The
findings indicate that as the asphalt label increases, the corresponding complex shear modulus decreases and
the phase angle increases. Among the virgin asphalt samples, 30# asphalt demonstrates superior anti-rutting
performance compared to 50#, SBS, and 70# virgin asphalt. Notably, 30# asphalt exhibits the highest resis-
tance to deformation. Throughout the aging process, the rutting factor and fatigue factor of 30# asphalt are
significantly higher than those of 50# asphalt.

(2) MSCR tests were conducted at temperatures of 52 °C, 64 °C, 72 °C, and 82 °C to examine the creep recov-
ery behavior of the two low-grade asphalts under different temperature and aging conditions. The findings
reveal that the strain of asphalt gradually increases with rising temperature, stress level, and stress duration.
Moreover, the unrecoverable creep compliance of 50# asphalt is higher than that of 30#. Overall, low-grade
asphalt exhibits relatively stable stress variations and demonstrates good high temperature stability.

(3) The high temperature stability and low temperature stability of low-grade asphalt mixture were evaluated.
The findings indicate that the high temperature performance of 30# asphalt mixture surpasses that of 50#
asphalt mixture. However, it displays lower flexural tensile strength and flexural tensile deformation ability
at low temperatures compared to the 50# asphalt mixture. Therefore, low-grade asphalt mixture can be
effectively utilized as the middle and lower surface layer in high temperature areas.
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