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Fatigue Performance of Aged Asphalt Mixture Characterized By Real Stress Ratio

LU Songtao
( School of Communication and Transportation Engineering, Changsha University of Science & Technology,

Changsha Hunan 410114, China)

Abstract: In order to make up for the fatigue design shortage of asphalt pavement design specification in
using traditional fatigue equation, the actual aging degree of asphalt pavement was simulated by different long
term aging degree tests of asphalt mixture. The regularity of strength varying with loading rate was revealed
through strength tests of asphalt mixture in different loading rates. Based on the strength values in different
loading rates, the real stress ratios corresponding to the fatigue loading rates were obtained. The asphalt
mixture fatigue equations based on nominal and real stress ratios were created. The intersection of fatigue
curve characterized by nominal stress ratio and abscissa axis is much larger than 1, it cannot be extended;
while the fatigue curve characterized by real stress ratio can be extended to the strength failure point, which
the fatigue life is 1, it unified the inner relationship between strength and fatigue failures. The fatigue equation of
aged asphalt mixtures based on real stress ratio was established, all the fatigue curves passed through the point of
(1, 1). The results could provide the theoretical method and foundation for asphalt pavement design considering
the aging effect and for the calculation of structure coefficient of tensile strength correctly.
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Tab.1 Result of standard direct tensile strength test

Rgegn's PHEREE S /MPa P/ MPa Fiififi e B S RAL

1 2.101
2 1.894 1.963 0.120 0.061
3 1.894
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AT B0 B, Fri g s R I3 2.
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Tab.2 Result of direct tensile strength test in different

loading rates

e ﬁﬂﬁiﬁﬁ%i/ vl IR 4/ MPa
(MPa *s77) T /mm’ /N
1 0.003 7 2695.7 2276 0.844
2 0.037 2 688.2 3749 1.395
3 0.37 2727.2 5453 2.000
4 1.85 2 662.8 7 548 2.835
5 3.70 2 676.6 7910 2.955
6 7.40 2799.6 10 757 3.842
7 10. 80 2778.3 11 892 4.280
8 13.72 2915.4 13 888 4.589
9 17.77 2813.1 13 027 4.695
10 21.00 2 869.8 13 550 4.722
11 24.80 2 818.7 13 927 4.941
12 29.60 2703.0 13 969 5.168
13 33.30 2625.1 13 119 4.998
14 37.00 2703.1 14 129 5.227

N2 R A RN ME A B, B X
HiRGEHRY SRR B3, EilRmEmE N,

5 P fe AR R f/ IMERY 6 f5 £ .

FESEATII A IR AR 95 g0 I, 3l H £ $E 10 Hz
FIMZRARZ, 78 1 MPa [y R S1 7K T HE179% 97 050
Fohnakad B O 20 MPa/s. 36 2 MR 4R 45 58
JERIGE5 0 1. 963 MPa nJ 2 B H HOGH 7 14 28k 85 A
HI24TF0.35 MPa/s, — N EF12220/0. 35 =57 f%;
HHZE 6 31 H N2k B 20 MPa/s FIF X o7 () i 2
4.689 MPa, —FuRPBEAT 4.689/1.963 =2.389 {5252,
A WL 55 1 50 T R F R 0 ) B R B, %57
FEH R T b HE 44 SO L.

W2 2 R R R R R () .

0l L " Y I — I R
0 10 20 30 40
M #/ (MPa-s!)

Bl1 15 CH£MT AC-13C EEEH MR ERE
TNk iR F L Hh 2%
Fig. 1 Direct tensile strength vs. loading rate of
ACH3C at 15 °C
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Tab.3 Summary of real stress ratios and fatigue lives in

different loading frequencies and nominal stress ratios
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Tab. 4 Fitting result of fatigue equation parameters based on

nominal and real stress ratios

IR £/ Ha 1 10 20 50
k 29.819  537.030  620.869  926.830
BRI, n 4.245 3.550 4.305 4.333
R? 0.998 0.974 0.991 0.999
k 1.046 1.192 1.021 1.028
WA, n 5.734 5.427 5.514 5.236
R? 0.999 0.994 0.999 0.999
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Fig. 5 Unified fatigue curves in different loading

frequencies based on real stress ratio
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Fig. 6 Summary of fatigue curves of asphalt mixture at

different aging degrees
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