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Analysis of Macroscopic and Mesoscopic Fatigue Characteristics of Asphalt
Mixture Composite Small Beam
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(1. School of Civil Engineering, Inner Mongolia University of Technology, Hohhot 010051, China; 2. Key
Laboratory of Civil Engineering Structure and Mechanics of Inner Mongolia Autonomous Region, Inner

Mongolia University of Technology, Hohhot 010051, China)

Abstract: In order to study the overall fatigue performance of the original pavement with asphalt mixture overlayer,
composite small beams were prepared by adding SMA-13 asphalt mixture over AC-16 asphalt mixture simulating
the original pavement. The bending experiments were conducted and the mesoscopic scale analysis of different layers
of the composite small beams was carried out using the digital image correlation(DIC) technique. The results show
that the fatigue life of composite small beams is negatively correlated with the experimental temperature , stress ratio,
and degree of aging. The original pavement is the main part to resist the load, and the overlayer improve mainly the
functionality of the pavement. The fatigue cracking process of composite small beams can be divided into three stages,
which are the initial damage stage, the damage development stage, and the damage destruction stage.

Key words: overlay pavement; small beam bending experiment; digital image correlation (DIC) ; macroscopic
and mesoscopic mechanics
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Table 1 Technical specifications of base asphalt and SBS modified asphalt

Asphalt Penetration(25 °C,55,100 g)/(0. 1 mm)  Penetration index  Ductility(5 °C,5 cm+min™")/em  Softening point/C
Base asphalt 85.6 —0.08 9.8 48.3
SBS modified asphalt 61.4 0.05 42.1 67.6
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Table 2 Synthesis gradation of asphalt mixture

Passing ratio(by mass)/ %

Sieve size/mm

Passing ratio(by mass)/ %

Sieve size/mm

AC-16 SMA-13 AC-16 SMA-13
19 100. 0 100. 0 1.18 21.2 16.5
16 98.4 100. 0 0.6 13.5 13.3
13.2 90. 6 96. 6 0.3 9.2 11.7
9.5 77.8 68.1 0.15 6.5 10.5
4.75 57.8 29.6 0.075 5.0 10.0
2.36 31.0 22.7
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Table 3 Properties of basalt fiber

Length/mm Diameter/pm  Density/(g-cm *)

Fracture strength/MPa

Elastic modulus/GPa Fracture elongation/ %

5.8 2.373 3.36

18.0 81.5 10. 54
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Table 4 Peak loads of bending failure tests and cyclic loads applied
in the bending fatigue tests of composite small beams

Temperature/°C P/kN C/kN C/P
0.28 0.2
0.42 0.3

10 1.411
0.57 0.4
0.70 0.5
0.19 0.2
0.28 0.3

15 0.923
0.37 0.4
0.46 0.5
0.16 0.2
0.24 0.3

20 0.795
0.32 0.4
0. 40 0.5
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Fig.1 Fatigue lives of composite small beams under various temperatures, stress ratios and degrees of aging
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Fig.3 P-A and e, curves of composite small beams
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Fig.4 Characteristic cloud diagrams of bending failure horizontal strain of composite small beams
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Fig.5 Characteristic cloud diagrams of bending fatigue horizontal strain of composite small beams
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Fig. 6 Evolution characteristics of horizontal strain
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