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Stress and stiffness characteristics of asphalt mixture
under uniaxial tensile stress state
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Changsha University of Science & Technology, Changsha 410114, China;
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Abstract: In order to study stress and stiffness properties, as well as failure reason of asphalt mixture under uniaxial
tensile stress state, static resilient modulus tests, dynamic resilient modulus tests and strength tests with various loading
rates were carried out. Based on the tests, the change law of mechanics parameters such as strength, modulus, failure
strain and strain energy of asphalt mixture with loading rates were revealed. The power function relations among various
mechanics parameters corresponding to initial crack and loading rates were established. Material design and structural
layer design were unified in failure mechanism. The results show that the dynamic and static resilient modulus increase
with the increase of loading rate as power function. Besides, the dynamic modulus decreases with the increase of
temperature. The initial cracking strain of specimen almost keeps stable at various loading rates, and presents tensile
strain failure. So, tensile strain is the main factor leading to failure, and the second strength theory can be used as failure
criterion for direct tensile condition.
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Fig.1 Schematic diagram of direct tensile test
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Table 1 Gradation of AC-13C dense grad asphalt mixture

i fL B 12 /mm 16.000 13.200 9.500 4.750 2.360 1.180 0.600 0.300 0.150 0.075
/% 100.0 95.0 74.0 48.5 34.0 235 15.0 11.0 8.5 6.0
R2 REHWGHRTIRRARLER
Table 2 Marshall test results at optimal asphalt content
WALL/% BB % TR % TR E /% BORHE] B /% FaE AN JifA/(0.1 mm)
5.200 2.445 4.500 67.200 16.100 12.700 27.900

e R R SR AR R R L.
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Fig.2 Stress—strain curve of static resilient modulus in

direct tensile test
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Table 3  Static resilient modulus of asphalt mixture in direct

tensile test at various loading rates

Ik E =/ By T R IH S F A [m] 3

(MPas ™) mm’ (N's™h ¥ 5/MPa
0.3 2599 780 1435
0.4 2585 1034 1668
0.5 2563 1282 1 843
0.6 2603 1562 1985
0.7 2532 1772 2099
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Fig.3 Relationship between static resilient modulus in

direct tensile test and loading rate

15.0 C; #EHHR2518 0.1, 1.0, 10.0, 20.0 A1 50.0
Hz, RIGLE RN E 4. ANFENRE N B R sh A5 R 5
MR 5 IR 2k & WK 4.

R4 BERSHLESZEURE S

Table 4 Dynamic resilient modulus of asphalt mixture

in direct tensile test MPa
HE/IC
=%/ Hz
-15.0 =75 0 7.5 15.0
50.0 15719 13842 11256 8 735 6179
20.0 14023 11056 8 827 7 624 4957

10.0 12 506 9081 7934 6 085 3938
1.0 8917 7523 5421 4193 2286
0.1 5398 4635 3643 2 466 1002
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Fig. 4 Relationship between dynamic resilient modulus
in direct tensile test and loading frequencies at

various temperatures
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Table 5 Mechanical parameters by taking initial

crack as failure criterion

TnEGEZE, O MORNAR WE IEEE AR

(MPa-s ™) /107 6J/MPa  S/MPa p/kPa
0.02 10.54 0.94 89.18 8.58
0.05 10.32 1.27 123.06  11.35
0.10 10.18 1.74 17092  15.34
0.20 10.53 2.13 20228 19.42
0.50 10.13 2.38 23495  20.88
1.00 10.41 2.61 250.72  23.53
2.00 10.62 2.83 266.48  26.03
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Fig. 5 Relationship between mechanical parameters and

loading rate in initial crack
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