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Rutting evolution mechanism of asphalt pavement based on
the Jamming transition theory
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Abstract; The essence of macro rutting of asphalt pavement is the result of the evolution of the meso-structure of
the mixture. To understand the development process of rutting behavior, the evolutionary mechanism of rutting in
asphalt mixture was investigated based on the Jamming transition theory of particle materials. The image processing
technology was used to construct a meso-structure model of the asphalt mixture. Rutting simulation tests were
conducted based on the time-temperature equivalence principle. The macro and micro variations of the mixture
structure during rutting deformation were analyzed. The influence of Unjamming behavior in asphalt pavement and
the evolution mechanism of rutting were investigated. The results show that the rutting evolution process of the
asphalt mixture can be explained well by the Jamming transition theory, in which the depth of rutting is closely
related to the jamming degree of the asphalt mixture system. With the increase of loading time and loading force,
the Jamming degree of the mixture particle system gradually increases, along with the increase of rut depth and area
fraction, and eventually tends to a stable state. The Jammed state of the particle system is affected by the joint
action of asphalt mortar and aggregate skeleton. With the increase in the test temperature, the particle displacement
and displacement difference inside the specimens increased, and the Jamming blockage degree of mixture particle
system decreased. The transition of the asphalt pavement particle system from a stable Jammed state to an unstable
Unjammed state is the internal mechanism inducing rutting and oil flooding. This study successfully applied the
Jamming theory to an amorphous system, providing a new research method for understanding the rutting evolution
behavior of asphalt mixture.
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Tab.1 Contact mesoscopic parameters of Burger’s model at different test temperatures
EE3 LIV 24
IR i/ C K/ Ko/ K./ K./ Cu/ Con/ C/ Cp./
(MPa:m) (MPa-m) (MPa:m) (MPa-m) (MPa-m) (MPa-m) (MPa-m) (MPa-m)
20 19.74 84.04 6.58 28.01 0.960 5.380 0.320 1.790
30 10. 54 22.40 3.51 7.47 0.140 3.840 0.048 1.280
Ik — WhIR Hzfi 40 6.44 14.94 2.15 4.98 0.070 2.890 0.023 0. 960
50 4.04 9.62 1.35 3.21 0.031 2.530 0.010 0.840
60 3.12 6.30 1.04 2.10 0.024 1.980 0.008 0. 660
20 19.74 83.98 6.58 67.13 0.960 5.380 0.320 1.790
30 10.54 22.40 3.51 17.91 0.140 3.840 0.048 1.280
W — AR5 40 6.44 14.94 2.15 11.95 0.070 2.890 0.023 0.960
50 4.04 9.62 1.35 7.69 0.031 2.530 0.010 0.840
60 3.12 6.29 1.04 5.04 0.024 1.980 0.008 0. 660
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Fig.4 Schematic diagram of virtual rutting test
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Fig.6  Virtual rutting deformation evolution process
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Fig. 13 Displacement of coarse aggregate at different test temperatures
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Fig. 14 Rutting evolution curves under different load conditions
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