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Large scale triaxial test and discrete element-finite element coupling
simulation of mechanical properties of coarse-grained soil
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Abstract: This article investigated the mechanical properties of coarse-grained soil to identify the
internal relationship between its micromechanical fabric and the characteristics of its macroscopic
deformation. By integrating laboratory-scale triaxial tests and discrete element-finite element coupling-
based simulations, we established a three-dimensional numerical model of coarse-grained soil to

replicate the content and shapes of large stone blocks. We used flexible confining pressure-induced
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loading and rigid block technology to optimize the microscopic models of the stone blocks, and
conducted comprehensive numerical simulations of coarse-grained soil specimens by using the PFC
(Partical Flow Code) program. The findings showed that the specimens exhibited a strain-hardening
effect. Under a flexible confining pressure-induced loading, the specimens exhibited lateral bulging-
induced deformation and developed “X”-shaped shear bands in the central region. The chains of the
vertical contact force gradually intensified,and exhibited a trend of interconnection. Our comprehensive
analysis of the macroscopic deformation and micromechanical fabric of the soil showed that the degree
of deformation caused by its compression along the vertical direction was more significant than that
caused by its shear failure along the radial direction,and the degree of change in its vertical anisotropy
was greater than that in its horizontal anisotropy. This indicates that the trend of changes in its
micromechanical fabric and the characteristics of its macroscopic deformation were clearly consistent.
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Table 1 Basic parameters of coarse-grained soil samples
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Fig.2 Curve of distribution of coarse-grained soil
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Fig. 4 Stress-strain curve of the samples in the laboratory triaxial test

1200 1 i
——HlJE=100 kPa (AR
1000 F ——[#J[£=200 kPa
[ [=400 kPa
800 F ——HLAELE
£ ¢=52.27 kPa
= 600 F .
S »=25.04

[

o/kPa

0 200 400 600 800 1000 1200 1400

600 - o
—— =100 kPa (B)YrL AR
500F — [ [5=200 kPa
[ [£=400 kPa
400 F —— fu4Lk
& 300 ¢=32.98 kPa
= o=13.73°
200
100

1 \ 1 1 1 1
0 100 200 300 400 500 600 700 800
o/kPa

5 HANtTREEREEE

Fig.5 Mohr envelope of the coarse-grained soil samples
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Fig. 8 Sample of coarse-grained soil used for the discrete 3D numerical simulations
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Table 3 Mesoscopic parameters of particle contact in the numerical simulations
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Fig. 10 Comparison of the results of the laboratory test and the numerical simulation
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Fig. 12 Displacement vector and rotational diagram of the coarse-grained soil samples
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Fig. 14 Numerical simulation of the three-dimensional composition of the coarse-grained soil samples
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