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Numerical simulation of layered phenomena and mechanism of wide-graded soil
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Abstract: Because it is similar to the process of sand deposition under natural conditions, the sand pluviation has become a
common method of model preparation for foundation models in geotechnical centrifugal tests. However, the researches on the
sand pluviation mainly focus on the control of the relative density, and pays little attention to the layered phenomenon of sand,
especially for wide-graded soils. Aiming at the layered phenomenon of sand in the preparation process of wide-graded soils by
the sand pluviation method, the physical mechanism of layered phenomenon of sand in the process of rain preparation and the
influences of falling distance, moving speed and width of sand outlet on the layered phenomenon of sand are discussed by using
the PFC3P numerical simulation software. The results show that there is no layered phenomenon of coarse and fine particles in
vacuum medium. In the non-vacuum medium, the coarse and fine particles have layered phenomena of sand, because the
relative velocity difference occurs during the fall of the coarse and fine particles in the non-vacuum environment. The internal
mechanism is that the average surface fluid resistance of the coarse and fine particles is different due to the different radii of the
coarse and fine particles, resulting in the separation of particles with different particle sizes. With the increase of the density of
the environment medium, the coarse and fine particles are more easily separated during the falling process, and the falling

distance, moving speed and flow rate of the sand outlet have a certain influence on the layered phenomenon of sand.
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Fig. 1 Automatic mobile pluviator
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Fig. 2 Microscopic characteristics of soil samples
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Fig. 3 Grain-size distribution curve
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Table 1 Physical indexes of test materials
v Prax!  Pmin! A0/ ds/ dso/ del
g " (grem?) (grem?) mm mm mm mm
AT 2,63 1.962  1.611 0.1490.2530.7590.916 6.15 0.47
WA 278 1750  1.289 0.1490.2530.7590.916 6.15 0.47
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Fig. 4 Layered phenomena
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Fig. 5 Sand pluviation sample model
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Table 2 Parameter setting

MRS HL B
SR, ) i S B Hysteretic model

U 545 A ] P A AR Y Linear model
Wk BY L) 455 E/MPa 50
A 5 A NI & /M Pa 100
Wik 5 %AV F R /M Pa 100
4%/ mm 5~14
A 2 5 / (kg m ) 2650
MEV /N 0.2
JEE P S 4 0.1
FHJE 0.1

T InEE/(m-s2) 9.81
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Fig. 6 Simulation of medium environment
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Fig. 7 Effects of drop distance on layered phenomena of sand
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Fig. 8 Effects of moving speed on layered phenomena of sand
2.5 RERNMDERARHIF

B AR, HAP A RSTA 8 emX 8 em A1 10 em
X 10 em, RS AIR/NRGE T HD SRR, #HiL
FARRAPMERTE KN, BBhEEZHN 0.1 mvs, HEEN
100 cm, WA 9 MEH], BEEREMIGE R, BKZE
LB N, B RIGIERA R AR,
TIURE ) J2 v 55 AHURORL 2 1 J2 e B AR — B

Ball radius
Balls Ball radius
5.0000E-3 Balls
8.0000E-3 5.0000E-3
8.0000E-3

(2) 8 emX 8 em L& (b) 10 emX 10 cm FLFZ
9 REXNI T RRRBIFNT
Fig. 9 Effects of traffic volume on layered phenomena of sand
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Fig. 10 Effects of particle size ratio on layered phenomena of sand
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Fig. 11 Separation of coarse and fine particles during falling
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