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Abstract Review History

Accurately analyzing the behavior of bitumen as a viscoelastic material, along with its natural Received: Jul 22, 2024
aging process, is crucial in pavement engineering. Bitumen, being a thermoplastic substance, Revised: Nov 08, 2024
exhibits mechanical properties that vary with temperature, significantly affecting the durability Accepted: Nov 20, 2024
and overall performance of asphalt pavements. To ensure long-term serviceability, it is essential ' '

to control the high- and low-temperature properties of bitumen to prevent distress mechanisms ~Keywords
such as rutting at high temperatures and cracking at low temperatures. This is particularly Asphalt binder
important in regions with extreme temperature fluctuations, where bitumen must remain stable Aqi
under varying climatic conditions. ging
In thi$ study, the effects of aging on the mechanical properties of bitumen were simulated ~Bending Beam Rheometer
using the Superpave testing system, a widely accepted approach in asphalt binder performance Dynamic Shear
grading. Specifically, short-term aging was replicated using the Rolling Thin-Film Oven Test Rheometer
(RTFOT), which mimics the oxidation that occurs during the mixing and construction phases. Performance Grading.
Long-term aging was simulated using the Pressure Aging Vessel (PAV), which accelerates the
oxidative hardening that takes place over the pavement’s service life. Understanding the impact
of these aging processes is essential for predicting the long-term behavior of asphalt pavements
and developing strategies to improve their durability.
To evaluate the impact of repeated PAV aging cycles, three different penetration-grade
bitumens were selected: 40-50 (PG70-16), 60-70 (PG64-22), and 85-100 (PG58-28). These
grades reflect their resistance to temperature-induced distress. Each bitumen type was subjected
to one, two, and three PAV aging cycles to provide insight into the progressive effects of
oxidation on its rheological and mechanical properties. The gradual stiffening of bitumen due to
oxidation can lead to increased brittleness, making it more susceptible to cracking under traffic
loads and environmental stresses. Therefore, evaluating the extent of these changes is critical in
designing pavements that can withstand long-term exposure to aging factors.
For low-temperature performance analysis, the Bending Beam Rheometer (BBR) test was
conducted at 0°C, -6°C, and -12°C to assess the stiffness and susceptibility of the aged bitumen to
thermal cracking. To evaluate high-temperature performance, the Dynamic Shear Rheometer (DSR)
test was carried out at seven different temperatures, ranging from 46°C to 82°C. This test provided
key data on the complex shear modulus and phase angle, which are critical indicators of bitumen’s
resistance to rutting and fatigue cracking. Additionally, the rheological data obtained from these
tests help predict pavement performance under various climatic and loading conditions.
The results showed that with increased aging, the high-temperature performance of the bitumens
improved by up to three PG grades, while the low-temperature performance increased by a maximum
of two grades. After three PAV aging cycles, the performance grades of the tested bitumens shifted to
PG82-4, PG82-10, and PG70-16, respectively. Additionally, the study examined the relationship
between the high-temperature properties of aged bitumen and its chemical composition over different
aging periods. A strong linear correlation was observed between the viscoelastic properties at high
temperatures and the chemical aging index, with an R? value exceeding 0.9. These findings highlight
the significant influence of aging on bitumen performance and emphasize the importance of
considering aging resistance when selecting bitumen for pavement applications. Future research
should focus on developing modification techniques to enhance bitumen's aging resistance and
improve its long-term performance in diverse environmental conditions.
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Table 1. Properties of asphalt binders used in this study

Asphalt Binder

Property Unit  Standard Method B40/50 B60/70 B85/100
(PG70-16) (PG64-22) (PG58-28)
Penetration at 25°C  dmm ASTM D5 45 65 86
Softening point °C ASTM D36 58 54 49
Ductility at 25°C cm ASTM D113 >100 >100 >100
Flash point °C ASTM D92 >250 >250 >250
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Table 2. Research laboratory program.

FTIR Test High Temperature

Low Temperature

Sample Condition Bitumen Type Sample Code

Test Test
OPAV AOPAV
1PAV Al1PAV
2PAV 40-50 A2PAV
DSR Based on BBR Based on 3PAV A3PAV
. ASTM D7175-15 OPAV BOPAV
Using the ASTM D6648
; To calculate the 1PAV B1PAV
device model To calculate 60-70
IRTracer-100 complex shear flexural stiffness 2PAV B2PAV
modulus and phase and creen rate 3PAV B3PAV
angle P OPAV COPAV
1PAV C1PAV
2PAV 85-100 C2PAV
3PAV C3PAV
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Table 4. Vertical shift factors of different PAV curves of bitumen

40-50 at -6°C.
Condition Original 1PAV 2PAV 3PAV
Vvertical Shift ) 550000 0.0931108 0683912  0.524807
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Fig 2. Master curve of 40-50, 1% PAV at -6°C

250

——-12
200 —— -6
——0
< 150
o
2
» 100
50
0
1 10 100 1000 10000
Time (s)

SIS sl ax s —F sles 15 PAV 45 e an Yo—00 3 ol ¥ Uss
Fig. 4. Master curve of bitumen 40-50, 3" PAV at -6°C
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Fig. 6. Master curve of flexural creep stiffness for different aging
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Table 3. Horizontal shift factors of different PAV curves from 40-
50 bitumen to the reference temperature of -6°C.

5

Times of Times of
a; Temp PAV a; Temp PAV
0.112 -12 0.1000 -12
1.000 -6 2 PAV 1.000 -6 Original
6.166 0 - 0
0.152 -12 0.047 -12
1.000 -6 3 PAV 1.000 -6 1 PAV
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Fig 1. Master curve of pure bitumen 40-50 at -6°C
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Fig. 3. Master curve of bitumen 40-50,2" PAV at -6°C
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Table 5. Vertical shift factors of master curves at 58°C to create aging master curves

Bitumen Type
Times of PAV ~ 40-50 60-70 85-100
Original 1.000 1.000 1.000
1PAV -0.525 -0.625 -0.600
2PAV -0.925 -0.925 -0.750
3PAV -1.200 -1.075 -0.925
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Times of PAV  40-50

Original
1PAV
2PAV
3PAV

0.132
0.255
0.356
0.370

y =-0.261x+0.1083
R2=0.922

e

60-70 _85-100
0.114 0.153
0278  0.298
0330 0.365
0.402  0.411
0.45
y =-0.3454x+ 0.0961 0.4
R2=0.9773
0.35
0.3
0.25
y=-0.1763x+0.1713
R2=0.9097 0.2
0.15
0.1
0.05
0
-0.6 -0.4 -0.2 0
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Fig. 13. Correlation of vertical shift factors of the complex shear modulus master curve versus aging index
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