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Quantitative Characterization and Analysis of Asphalt Aging Resistance

Based on Dielectric Properties
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Abstract: Through the tests of three indexes, Brookfield viscosity, frequency scanning, linear amplitude scanning
and dielectric constant of 907 base asphalt and styrene-butadiene-styrene block copolymer (SBS) modified asphalt
before and after thermal-oxidative aging, the changes of asphalt basic indexes, rheological indexes, fatigue properties
and asphalt components before and after aging were studied. Moreover, the changes of indexes after short-term and
long-term aging were quantified and the quantitative relationship between components and performance indexes was
established. The results show that penetration is the most reasonable one among three indexes to describe asphalt
aging degree. The viscosity, temperature sensitivity, complex modulus modulus master curve and fatigue resistance
of base asphalt are much affected by thermal-oxidative aging than that of SBS modified asphalt. The viscosity and
its temperature sensitivity of base asphalt change much obviously during short-term aging, while SBS modified asphalt
change much obviously during long-term aging. The attenuation of fatigue resistance and complex shear modulus
of the two asphalts mainly occurs in the long-term aging. It is feasible to use the permittivity to divide the asphalt
components and correlate the performance changes of asphalt before and after aging.
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Table 1 Technical indexes of two kinds of asphalt

Test result

Specification requirement

Technology index
Base asphalt

SBS asphalt Base asphalt SBS asphalt(1-C)

Penetration(25 °C, 100 g, 5s)/(0.1 mm) 80. 30
Softening point(R&-B)/C 49.10
Ductility/cm >150(15°C)
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Table 2 Parameters of DSR test

Frequency Linear amplitude
Parameter
sweep test sweep test
Temperature/C 28-82 25
Sample diameter/mm 8 8
Scanning frequency/Hz 0.1-10.0 10
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Table 3 Change rates of three indexes of two kinds of
asphalt under short-term and long-term aging

00

Sample Tec'hnology Sllortjterm Long'fterm

index aging aging

Softening point 8.6 12.8
Base asphalt Penetration —49.8 —26.6
Ductility 0 ~100

Softening point —13.0 9.3
SBS asphalt Penetration —37.5 —23.1
Ductility —20.9 2100

Changes of three indexes of two kinds of asphalt before and after aging
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Fig. 2 Brockfield viscosity-temperature curves of two kinds of asphalt
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Table 4 Fitting parameters of viscosity-temperature curves

Sample Aging degree AlS) % d Ad/ % R’
Original 6.867 22 17.116 77 0.9538
Base asphalt Short-term aging 8.373 26 21.9 20.445 74 19.4 0.993 3
Long-term aging 8.651 04 3.3 21.226 81 3.8 0.980 1
Original 6.89873 17.660 35 0.9911
SBS asphalt Short-term aging 7.422 39 7.6 18.830 74 6.6 0.9951
Long-term aging 8.189 63 10.3 20.572 25 9.2 0.999 6

Note:| SF—Absolute slope; A| S F—Change degree of absolute slope;d—Intercept; Ad—Change degree of intercept; R*—Correlation coefficient.
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Fig. 3 Complex shear modulus master curves of two kinds of asphalt
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Table 5 Characteristic values of line position change of
complex modulus master curves of two
kinds of asphalt

Sample Aging degree E'/Pa AE"/Pa AE"/%
Original 240 52
Base asphalt Short-term aging 37305 13253 55
Long-term aging 78132 408 27 109
Original 276 18
SBS asphalt Short-term aging 41389 13771 50
Long-term aging 72277 308 88 75
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Fig.5 Fatigue life-strain curves of two kinds of asphalt
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Table 6 Fitting parameters of fatigue life-strain curves of two

kinds of asphalt
Sample Aging degree B AB/ %
Original 4.258
Base asphalt ~ Short-term aging 4.366 2.5
Long-term aging 4.726 8.2
Original 4.664
SBS asphalt Short-term aging 4.766 2.2
Long-term aging 4.934 3.5
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Fig. 6 Content of components in different dielectric constant ranges in two kinds of asphalt
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Table 7 Content of components of two kinds of asphalt

w/%
Sample Aging degree Nonpolar material | Nonpolar material [l Low polarity material Polar material

Original 26.6 51.9 24.7 0
Base asphalt Short-term aging 30.6 37.7 29.5 0

Long-term aging 25.9 25.7 22.4 24.5
Original 32.4 42.5 32.6 0

SBS asphalt Short-term aging 28.6 19.8 22.7 28.5

Long-term aging 30.1 21.0 22.0 32.3
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Table 8 Correlation indexes between components and
performance indexes of asphalt

Softening  Viscosity

Component Penetration point (135C) 3
Nonpolar material [ 0.733 0.899 0.684  0.889
Nonpolar material [l 0.892 0.677 0.650  0.634
Low polarity material 0.791 0. 807 0.624 0.787

Polar material 0.471 0.477 0.504  0.481
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