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Analysis of Particle Shape Characteristics of Lunar Soil Simulant
and Its Effect on Shear Strength
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Abstract; In order to study the effect of particle shape characteristics on shear strength, particles
of lunar soil simulant are scanned and photographed with a stereo microscope. Then, a digital
imaging processing software is used to statistically analyze the geometric characteristics of the
particles. It shows that the particles of lunar soil simulant mainly are of four shapes: sphere,
quasi-ellipsoid shape, quasi-trigonal shape and quasi-cube shape. Particles with the three irregular
shapes are simulated as clumps in PFC 3D, and the numerical model of tri-axial test is obtained to
study their shear strength. The numerical results show that: the particle shape has a noticeable
effect on shear strength; the shear strength of particles of quasi-ellipsoid shape is the greatest of
all, while the sphere particles has the minimum shear strength. For particles of the same quasi-
trigonal shape, the greater ruggedness it is, the stronger shear strength the sample has.
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comparison
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Table 2 Particle size groups of lunar soil simulant
and their mass percent

pava:l — - = ]
Hifs/mm (2.00,5.00) (1.00,2.00) (0.50,1.00) (0.25,0.50)
FESEY%  15.00 10.00 11.50 16.00
K # N + -
Hifs/mm (0.10,0.25) (0.075,0.10)  <0.075 -
B EY%  10.00 17.50 20.00 -
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Table 3 Geometric statistics of lunar soil simulant

particles
A5 K&h/mm &H/mm  BE O ZEE MY E
— 7.120 5. 380 0. 686 1.329  0.767
- 4.082 2.867 0.669 1.445 0.716
= 2.301 1. 594 0.729 1.464 0.713
| 1.311 0. 874 0. 667 1.526  0.683
i 0. 554 0.375 0.682 1.532  0.689
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+ 0. 085 0. 059 0. 811 1.471 0. 708
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Fig. 3 Particles of different shapes
(a)—BRI; (b) —RHERIE,
(o) —K=ffk; (d)—KIETFE.

)] @ ©)

B4 AREMOERNZE=fAEBR
Fig. 4 Quasi- trigonal particles of different ruggedness
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Table 4 Characteristic parameter values of particle

shape

LUBISIZZIN [ 3¢ JIE 3 [y
BRIA 1.0000  1.0000  1.0000
A ER A 0.9243  1.4458  0.8013
K=MK (1) 0.9812 1.0000 0.8209
R=MR(2) 0.9627  1.0000 0.6995
K=MK (3) 0.9117 1.0000 0.5926
HKIE &K 0.9704  1.0000  0.8218
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Table 5 Basic parameters in tri-axial test model

TR AL 2400 ﬁi’ﬁgm{g 1x10°
N-m
Wik A2 A/ mm (2,3) JEE 52 R B 1.25
R T 1.6 | RAFEEE/cm 10
Wik R/ (g-cm ™) 2.7 WA ES/ cm 5
WIHATFLER R 0.4 &/ kPa 60,80,100
T fi M . JinggE R
- x 10 — 0.1
N-.m mm - min
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Fig. 6 Relation curves between deviatoric stress
and axial strain
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Table 6 Parameter values of shear strength

Wk R ﬁﬁj WS BEEES BEE
Fotk  kPa  MRLA T ) kPa
kPa
60  199.46 3.27
BRiA 80  236.96 4.51  33.38 13.28
100 293.95 4.42
60  284.04 2.29
KMEEkiA 80  353.38  3.62  40.05 15.71
100 428.44  3.02
60  237.64 1.95
K=k 80  302.61 3.01 39.13 14. 60
100 374.46  3.21
60  266.28 3.76
KIEIE 80  327.35  3.35  37.17 14.13

100 369.01 4.03
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Fig. 7 Shear strength of lunar soil simulant
with quasi-trigonal particles of different
ruggedness
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