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EXPERIMENTAL STUDY OF MECHANICAL PROPERTIES OF LUNAR
SOIL SIMULANT CAS—1 UNDER LOW STRESS

ZHANG Yu CHEN Shanxiong YU Fei LIJian GAO Hui
(State Key Laboratory of Geomechanics and Geotechnical Engineering Institute of Rock and Soil Mechanics
Chinese Academy of Sciences Wuhan Hubei 430071 China)

Abstract The interaction between the drilling machine and the lunar soil in the special environments on lunar
surface has been the key issue of sampling in lunar regolith. Direct shear tests compression tests and triaxial tests
were carried out to investigate the mechanical property of lunar regolith simulant CAS—1 under the low levels of
stress. The simulant was found to have the cohesion of 2.8 to 5.0 kPa and the angle of internal friction 39.84 < to
41.09 < when the porosity e = 0.8—1.1 at the low stress level. The compression curve was found to have a shape
of concave upward firstly and then a shape of concave downward at the low stress levels. The initial compression
moduli were from 12.647 to 3.923 MPa when e = 0.9—1.1. The stress-strain curve can be divided into a harden
and a soften stage. The decreasing rate of the soften stage is rather fast and the duration of the residual strength is
long. When the void ratio is smaller the ratio of peak deviator stress/stress is larger the peak axial strain is smaller
and the values of peak axial strain are between 2% and 5% the ratio of residual strength/stress is larger and the
duration is longer. The initial tangent of the stress-strain curve the peak stress ratio and the residual stress ratio
vary with the compression stress logarithmically. The initial tangent decreases slowly  the initial tangent modulus
changes little but the peak stress ratio and the residual stress ratio decrease rapidly.
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Table 1 Particle distributions of lunar soil simulant(*
[13]
(4] dio/pm dso/um deo/pm Cu Ce
JSC—1 20 120 150 7.50 1.20
MLS—1 20 91 170 8.50 0.65
(1/6g) FJS—I1 10 120 160 16.00 2.25
(O 5 m) 0 25kPa 25 97 129 5.20 0.94
TI—1 20 260 431 21.50 0.94
CAS—1 14 66 75 5.36 1.45
[15] CAS—1 ( 1 1 CAS—1
)
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Table 2 Properties of 4 kinds of samples
Gs e pd(g - cm 3) <
£
1 2.66 0.8 1.48 <
2 2.66 0.9 1.40
3 2.66 1.0 1.33
4 2.66 1.1 1.27
P/kPa
($61.8 3 P ’
Fig.3 Relationships between the low vertical pressure P and
mm) the shear stress ©
39.10 mm 80.00 mm 3 0 c
6] 2 Table 3 Internal friction angle ¢ and cohesion ¢ with different
porosities
e c/kPa ol
1.1 5.00 39.84
1.0 4.00 40.35
0.9 2.80 40.97
0.8 3.90 41.09
3.2
2 4 0 100 kPa
P 8
2 4
Fig.2 Triaxial sample
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Table 4 Fitting parameters of different samples under ) ( )
different kinds of stress levels ( )
P=0 25kPa P=25 100kPa
‘ A B A B
0.9 12.647 2.118 6.586 0.198 —
1.0 9.054 1.183 5.478 0.138
1.1 3.923 0.574 1.913 0.206
a ne
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Fig.6  Stress-strain curves under different confining pressures(e = 0.8)
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Fig.7 Stress-strain curves under different confining pressures(e = 1.0)

5 CAS—I1
Table 5 Experimental results of lunar soil simulant under different stress levels
e=0.8(ps=1.48 g/cm?) e=1.0(pa=1.33 g/em?)
Po/kPa
a &t/% e 75 a &t/% e 7
10 4.963 3.768 2.125 2.079 2.052 4.448 1.934 1.868
20 3.579 3.665 1.965 1.821 1.973 4293 1.862 1.700
30 3.287 2.794 1.930 1.733 1.892 4.463 1.778 1.580
50 2.547 4253 1.860 1.676 1.778 4.120 1.767 1.552
100 1.673 4931 1.804 1.613 1.202 5.804 1.759 1.531
150 0.955 6.090 1.790 1.574 0.808 5.681 1.738 1.496
5 e

2% 5%
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Table 7 Fitting results of ¢
¢oe=0.8 o
0or Oe=1.0 4 /kPa o m
0 o e=08 =10 e=08 e=10
1210 08 06 04 02 00 02 10 30 1.720 1.637 0.090 0.074
1g(Po/Pa) 30 150 1.813 1.752 0.047 0.013
8 a Po
Fig.8 Relationships between initial tangent « and confining 36
pressure Po ' T
CAS—1
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Table 6 Fitting results of Po
kPa “ “ lgn, =lgn, +m,1e(F/F) (6)
e=0.8 e=1.0 e=0.8 e=1.0
10 30 2010 1.744 0.386 0.072 ko T
30 150 1.453 1.105 0.736 0.528 10 8 10 8
CAS—I1 . P,
35 e 7. 10 30 kPa 30 150
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Table 8 Fitting results of 7
o 73
/kPa
e=0.8 e=1.0 e=0.8 e=1.0
10 30 1.405 1.324 0.168 0.151 (References)
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