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Abstract: [Purposes] This study aims to explore the difference in tension and compression
properties for asphalt mixtures. [ Methods] The strength and fatigue performances using direct

tension and four-point bending tests on a typical asphalt mixture were characterized. Based on the
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different characteristics of tensile and compressive modulus of the materials, the calculation
formula of the real four-point bending strength, which is different from the traditional four-point
bending beam, was derived. The strength, fatigue life, and modulus decay law of traditional four-
point bending, real four-point bending, and direct tensile stress state were analyzed. [ Findings ]
The results showed that the real four-point bending strength was about 80% of the traditional four-
point bending strength. Under the same loading rate, the direct tensile strength was the smallest in
different stress states, and its sensitivity to loading rate was the lowest. Under the same stress
level, the direct tensile fatigue life was the smallest, but under the same real stress ratio, the
direct tensile fatigue life was the largest, and the real four-point bending fatigue life was about 46%
of the traditional four-point bending fatigue life. The modulus decay rate of the real four-point
bending fatigue test was much lower than that of the direct tensile test, and the former had a
smaller modulus decay amplitude at failure. [ Conclusions] The material’s tension-compression
difference characteristics significantly influence the test results of its mechanical parameters. The
research results can provide a reference for the design parameters of asphalt pavement structures
considering the tension-compression difference.

Key words: road engineering; asphalt mixture; tension-compression difference; strength; fatigue

characteristic
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1.1
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Table 1 Mechanical properties of limestone aggregate

WiH FERE/% | BESCIE (E) | JEFE(E/%
M2 R 15.1 57.9 13.5
HE L F SR <28 =45 <30

F2 SBSHECHE AR
Table 2 Performance of SBS modified asphalt

HARSE bR RIS | HARZR

£ ABE (25 °C,100 g,5 $)/(0.1 mm) 58 40~60
FEJE (5 em/min, 5 °C)/cm 31 =20

A s RERIER ) /C 63 >60
BB (135 °C)/(Pa-s) 1.31 <3
PR (25 °C)1% 89 >75
WA 1% 99.8 >99

DAPEVA 300 =230

1.2 REHE

Fie RN I TR T L 5 TR A R 50 AR )
(JTG E20—2011) H gy ZE ok #E 17l F il 25 o R
T 2 A SR R AL R R A5 31 300.0 mmx300.0 mmX

R3 AC-13FAREIITER
Table 3 Design result of AC-13 aggregate gradation

‘ ) 3 AL T B FL Y R R %
RA R BNl
132mm | 95mm | 475 mm | 236 mm | 1.18 mm | 0.6 mm | 0.3 mm | 0.15mm | 0.075 mm
BR 100.0 85.0 68.0 50.0 38.0 28.0 20.0 15.0 8.0
AC-13 TR 90.0 68.0 38.0 24.0 15.0 10.0 7.0 5.0 4.0
A 93.0 72.5 45.1 31.7 21.8 14.3 8.5 6.1 5.2

50.0 mm f9 2= B A, I K L U1 %) AR 250.0 mmx
50.0 mmx50.0 mm [ ELEEPLA /N2 5 SR FH 35 D)
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Fig.1 The mid-span section of the specimen and its stress

and strain distribution diagram
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Table 4 The results of strength test under different loading rates

F495 DU 5 25 3 TR LU 2 3 A FLHEHL R IR0
P | PSR A R | AR | BTSSR | AR | RCEERLRRE
(MPa-s™") MPa (MPa-s™) MPa (MPa-s™") MPa
0.02 3.194 0.015 2.417 0.02 1.570
0.05 5.166 0.036 3.700 0.05 1.817
0.10 5.992 0.077 4.624 0.10 1.999
0.50 7.644 0.372 5.689 0.50 2.509
1.00 8.138 0.799 6.502 1.00 2.935
2.00 9.082 1.697 7.708 2.00 3.267
9r R, =0.789R, (7)
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Fig.2 Correlation between traditional and real four-point

bending strength results
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Table 5 The results of fatigue test
L5804 1 R 55 B AR 5 B A 55
vl AR A R VAP S O EAERL R Sy K ELILPY R R Sy KO/
| fe O et T et . R P
0.3 1.404 23450 0.428 43518 1.108 23450
0.4 1.872 11348 0.571 17 171 1.477 11348
0.5 2.340 2972 0.714 8 800 1.846 2972
0.6 2.808 2096 0.856 3468 2.216 2096
0.7 3276 1411 0.999 2041 2.585 1411
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Fig.4 Relationship between fatigue life and stress level
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Table 6 Real stress ratio and fatigue life under different test methods and stress ratios

R ML | B IKE/MPa | INE#E R/ (MPa-s™) | BIERSRAE/MPa | FLIIN L | IS A AAK
0.3 1.404 28.08 15.389 0.09 23 450
0.4 1.872 37.44 16.239 0.12 11348
15800 54 A 0.5 2.340 46.80 16.931 0.14 2972
0.6 2.808 56.16 17.518 0.16 2096
0.7 3.276 65.52 18.031 0.18 1411
0.3 0.428 8.56 4.092 0.10 43518
0.4 0.571 11.42 4.285 0.13 17 171
H AR 0.5 0.714 14.28 4.441 0.16 8 800
0.6 0.856 17.12 4571 0.19 3468
0.7 0.999 19.98 4.686 0.21 2041
0.3 1.108 22.16 12.975 0.09 23 450
0.4 1.477 29.54 13.751 0.11 11348
LY g A 0.5 1.846 36.92 14.384 0.13 2972
0.6 2216 4432 14.925 0.15 2096
0.7 2.585 51.70 15.396 0.17 1411
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Fig. 6 The relationship between strees levels and fitting

parameters of direct tensile modulus damage model
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Fig. 8 Schematic diagram of critical failure point
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