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Dynamic deformation characteristics and microanalysis of
aeolian sand subgrade fill materials
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Abstract: The development and rational utilization of aeolian sand as subgrade material is of great significance
for the construction of transportation projects in desert areas. Existing research mainly focuses on the description
of macroscopic deformation phenomena of aeolian sand subgrade fillers, lacking quantitative criteria for the

"dynamic instability critical state" of this special poorly-graded material, and the macroscopic deformation
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mechanism under dynamic loading is still unclear. Through indoor dynamic triaxial tests combined with PFC*®
discrete element simulation, based on the evolution law of cumulative plastic strain rate, a dynamic stability
critical criterion based on the b value for aeolian sand subgrade fillers was proposed; from the perspective of
force chain network evolution, the microstructure response mechanism of aeolian sand under different
deformation modes (stable type, critical type, and failure type) was clarified. The results show that confining
pressure and dynamic stress amplitude respectively regulate the plastic deformation of aeolian sand subgrade
through lateral constraint strengthening and load increment effect, among which low confining pressure causes
particle structure instability under dynamic stress, and high dynamic stress directly leads to aggravated
deformation. The parameter b value determination criterion established based on the fitting curve of cumulative
plastic strain rate with the number of loading cycles can accurately identify the type of plastic deformation
behavior of aeolian sand subgrade fillers (failure type/stable type/critical type). The evolution process of the
force chain field of the three types of plastic deformation behaviors shows differences at the microscale: in the
failure type condition, the dense concentration of axial strong force chains leads to rapid deformation; in the
stable type condition, stable force transmission paths are formed through uniformly distributed strong and weak
force chains, enhancing the anti-deformation ability; in the critical type condition, there is a phenomenon of
strong force chain fracture and weakening, and the force chain system is not in equilibrium, still posing a risk of
failure.

Keywords: road engineering; aeolian sand; subgrade fill material; dynamic deformation characteristics;

dynamic triaxial test; discrete element simulation
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Fig. 1 The particle size gradation curve of aeolian sand
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Table 1 Physical indicators of aeolian sand
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Fig. 2 Dynamic triaxial apparatus and the installed specimen
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Fig.3 Schematic diagram of the axial stress time history

in the dynamic triaxial test
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Table 3 Particle size content distribution

Hif%E /mm TR/ % HRLAE/mm /%
0~0.045 0.47 0.3~0.4 26.00
0.045~0. 075 0.65 0.4~0.5 22.88
0.075~0.1 1.35 0.5~0.6 12.67
0.1~0. 2 11.28 0.6~0.7 3.53
0.2~0.3 20. 96 0.7~0.8 0.21
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Table 4 Mesoscopic parameters of aeolian sand model
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Fig. 7 Cumulative plastic strain rate-vibration frequency

fitting curve (0;=60 kPa)
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Table 5 Deformation state and fitting parameter table

o,/kPa  o,/kPa a b R* R
15 30 0.114 6 0.4927 0.9612 [E2
30 30 0.1150 0.879 8 0.950 3 Fase
60 30 0.1151 0.942 4 0.9753 fase
15 60 0.1153 0.589 0 0.924 1 278
30 60 0.116 2 0.8111 0.970 8 Fa e
60 60 0.116 3 0.9736 0.969 5 e
15 90 0.116 5 0.389 8 0.946 3 IR
30 90 0.117 6 0.609 7 0.9619 I ¢
60 90 0.1177 0.704 9 0.980 8 Il 5
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Fig. 8 Fitting graph of parameter b with ¢, and o,
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Table 6 Statistics of the number of force chains
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o i it it ditk/ % B/ %
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—— 50 25803 4902 19 3.75
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0 26 598 1861 7 0
— 50 26 544 2389 9 0.13
1000 26 657 3465 13 0.49
2000 26 695 3737 14 0.66
0 28 184 6764 24 0
- 50 27927 6702 24 0.16
1 000 28 019 6164 22 0.79
2000 28198 5921 21 0.96
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Fig 9 Force chain variation diagrams of typical working conditions under different vibration frequencies
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