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Improved method for calculating low temperature critical cracking
temperature of asphalt binder
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Abstract; In view of the limitations of the current calculation methods for thermal stress and low temperature
critical cracking temperature of asphalt binder and in order to find a better method for calculating thermal stress and
corresponding low temperature critical cracking temperature of asphalt binder, the 70" matrix asphalt of four
different origins was selected for rotating thin film oven (RTFO) and pressure aging vessel (PAV) tests. The creep
compliance of the asphalt binder was obtained by BBR test. The thermal stress of the asphalt were obtained by two-
step calculation method of Hopkins & Hamming algorithm and CAM model as well as one-step calculation method of
Laplace transform respectively, and the corresponding low temperature critical cracking temperature was calculated
based on SAP theory. Calculation results were compared and analyzed by statistical methods. The calculation
methods were verified by correlation analysis and combined with measured road surface temperature data. Results
show that the one-step calculation method of Laplace transform and the two-step calculation method of Hopkins &
Hamming algorithm were in good agreement. The calculation result of p-value of low temperature critical cracking
temperature based on ¢-test was more than 0.90. The Laplace transform one-step calculation method had a strong
correlation with the BBR test. The correlation coefficients between the critical cracking temperature T and the S/m
index as well as the Huet rheological model index reached 0.84 and 0.94, respectively. The calculation results of
the measured road surface temperature change data prove that the proposed method is not only suitable for uniform
cooling conditions, but also for on-site continuous variable speed cooling conditions at any cooling rate.

Keywords: road engineering; asphalt binder; critical cracking temperature; bending beam rheological test;

thermal stress; low temperature performance
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Fig.1 Comparison of two methods for calculating thermal stress
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Tab.1 Low-temperature PG of four matrix asphalt <

RS Te(S) Te(m) T
70%-1 -27.8 -27.6 -27.6
70%-2 -25.6 -23.9 -23.9
70*-3 -26.2 -24.7 -24.7
70%-4 -27.7 -25.5 -25.5
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Tab.2  Calculation results of T of two methods

Ten /C
o/ (C-h™") Hopkins & Hamming 7% Laplace 7%
70*~1 70*-2 70%-3 70*-4 70*-1 70%-2 70*-3 70% -4
0.2 —24.804 —-22.780 -23.235 -24.127 —-24.802 =22.777 -23.236 -24.124
1 -22.913 -20.457 -21.130 -21.956 -22.919 -20.459 -21.136 -21.967
5 -20.852 -17.966 -18.870 -19.593 —-20.868 -17.975 —-18.882 -19.620
20 —18.958 -15.725 -16.828 17.435 —18.985 -15.741 -16.845 -17.478
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Tab.3  Calculation results of p-value of two methods

p 1

v/ (C-hh)
70%-1 70%-2 70%-3 70%-4
0.2 0.995 0.994 0.999 0.996
1 0.976 0.996 0.997 0.991
5 0.937 0.988 0.994 0.980
20 0.894 0.983 0.992 0.973
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Tab.4 Results of Huet model parameters

RS k h R?
70*-1 0.208 5 0.590 9 0.999 9
70% -2 0.080 0 0.353 8 0.999 9
70*-3 0.120 0 0.432 3 0.999 9
70% -4 0.166 3 0.526 5 0.999 9
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Tab.5 Calculation results of p-value of Huet model parameters

Wit i kI pfE h ) p {E
70* - 1vs70% -2 0.013 0 0.007 1
70% - 1vs70% -3 0.026 8 0.015 1
70*-1vs70% -4 0.085 1 0.065 7
70%-2vs70% -3 0.105 6 0.047 8
70%-2vs70% -4 0.020 2 0.007 6
70*-3vs70% -4 0.065 3 0.023 5

3.3.2 AHIGHES BT S I R s e

RS UEAR SCHHE 7 B A R, 25 1E 3 25 il 2
TSRS N A Iz W e FRAS SO R T AR 3
ARG T 2R T, 5 BBR {5615 21 1Y % 28
NEE S| WEAEE AR m LEATEN RN S/m, IF
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Mras Rl 5 LU R 4518 . 1) WAE 20 S Sk AT
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L, 27525 18 5 AR T R ) Fas st g 1, R A
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Tab.6 Calculation results of correlation coefficients

UL A SCH 37 I A X Rl A A R

AR

S/m
o/ (C - hl) 3 h
-12 C -18 C -12C -18 C -12 C -18 C
0.2 0.991 0 0.922 9 0.994 1 0.5535 0.985 3 0.963 0 0.992 0 0.986 6
1 0.982 1 0.879 5 0.9827 0.556 3 097517 0.923 4 0.995 2 0.983 7
5 0.960 9 0.830 4 0.959 6 0.553 0 0.954 0 0.877 8 0.984 7 0.967 6
20 0.9370 0.787 0 0.934 2 0.547 0 0.929 6 0.836 8 0.968 6 0.947 3
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Fig.8 Thermal stress of asphalt binder at field temperature
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