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Low Temperature Crack Propagation and Evolution of Asphalt Mixture

DU Jianhuan'*, REN Dongya"*", Al Changfa'?, QIU Yanjun'®

(1. Department of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. Highway
Engineering Key Laboratory of Sichuan Province, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Three typical structure asphalt mixtures, such as suspend-dense structure, skeleton-dense structure and
coarse-aggregate-skeleton structure, were used as test subjects to analyze the influence of crack propagation from
a macro prespective through the indirect tensile test(IDT ). Combined with the numerical analysis, heterogeneous
discrete element models for asphalt mixtures were established by the random particle-based growth algorithm. The
crack evolution characteristics of three asphalt mixtures under low temperature were analyzed through four aspects :
the change in the number and proportion of micro cracks, the energy release rate, and crack tip stress field. The results
indicate that in terms of the time-domain variation of the crack energy release rate G(¢), as changes of the spatial
distribution of the aggregate in the coarse-aggregate-skeleton, skeleton-dense and suspend-dense asphalt mixture,
the internal energy consumption rate increases, while the energy storage rate reduces, and thus increasing the total
crack energy release rate. It indicates that more energy is required when the suspend-dense asphalt mixture is
fractured. In terms of the stress field distribution in the crack tip region, compared with the coarse-aggregate-skeleton
and skeleton-dense asphalt mixture, the interior of suspend-dense asphalt mixture is less likely to appear the
phenomenon of stress concentration, which is beneficial to suppress the occurrence of shear stress field, thereby
reducing the number of mode [I cracks.
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Table 1 Three kinds of gradation for asphalt mixtures

Passing ratio(by mass)/ %

Gradation
16 mm 13. 2 mm 9.5mm 4.75mm 2.36mm 1.18 mm 0.6mm 0.3 mm 0.15mm  0.075 mm
OGFC-13 100.0 92.0 65.0 18.0 10.0 8.0 7.0 6.0 5.0 4.0
SMA-13 100. 0 95.0 62.0 27.0 20.0 19.0 16.0 13.0 12.0 10.0
AC-13 100.0 97.5 84.0 62.5 42.5 32.0 24.0 15.5 11.0 6.0
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Fig. 1 Test result images after binarization
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Fig.2 Low temperature cracking strength of three
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typical graded asphalt mixtures
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Symbol Description:

k., kirepresent the normal stiffiness and tangential stiffness between aggregate particles in contact, respectively;
E ,v represent the elastic modulus and Poisson's ratio of the aggregate;

R represents the radius of the spherical particle, typically 1 mm;
m,;, m, represent the different aggregate particle;

k", k’ represent the normal stiffness and tangential stiffness between asphalt mortar;
E', v'represent the elastic modulus and Poisson's ratio of the asphalt mortar;
0, O, represent the crack tip size and the crack tip size at complete material separation
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Fig.4 Sketch of interactions and the corresponding constitutive models within the asphalt mixtures
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Table 2 Macro mechanical parameters of three strucure asphalt mixtures at —20 ‘C
Material Parameter AC-13 SMA-13 OGFC-13
E/GPa 55.5
Coarse aggregate f/MPa 27.6
v 0.23
Void ratio(by volume)/ % 2.100 3.800 20.704
Asphalt mixture )
Maximum theoretical density o/(kg-m *) 2610 2487 2642
E'/GPa 0.832 0.633 0. 345
Asphalt mortar f'/MPa 3.55 3.13 1.41

!
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Table 3 Parameters of three structure of asphalt mixtures with parallel bond model at —20 C

Material Parameter AC-13 SMA-13 OGFC-13
k,/MPa 222.00
Coarse aggregate
k. /MPa 90. 24
ke/ kg 1
B/ 0.667/0.133 0.508/0. 106 0.277/0.055
Asphalt mortar Coefficient of friction between particles f; 0.5
o,/MPa 3.55 3.13 1.41
r./MPa 3.55 3.13 1.41
4 ERRBERSHEBNLE R Ploce 2
Table 4 Comparison of indoor test results and numerical (ball or pebble)
simulation results
h
R,/MPa P I
Gradation \Z\ X
Test result Simulation result . &
AC-13 3.55 3.67 d
Piece 1
SNEACLS 313 3.22 (ball or pebble)
OGFC-13 1.41 1.46
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Fig.5 Numerical simulation result image
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Fig. 6 Contacts state between particles
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Table 5 Crack propagation parameters

Total number of Number of mode

Proportion of mode |

Number of mode Proportion of mode Il

Gradati
radation cracks | cracks cracks/ % Il cracks cracks/ %
AC-13 1107 1007 90. 97 100 9.03
SMA-13 917 796 86. 80 121 13. 20
OGFC-13 283 241 85.16 42 14. 84
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Fig.7 Crack energy release rate of asphalt mixtures
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