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Experimental study of dynamic shear modulus and damping
ratio of CAS-1 lunar soil simulant

ZHANG Yu YU Fei CHEN Shan-xiong LI Jian

State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China

Abstract: Through the dynamic tests on the CAS-1 lunar soil simulant (national standard sample) which is developed by the Institute
of Geochemistry and the National Astronomical Observatories, Chinese Academy of Sciences with the GDS resonant column test
instrument, the effect of the different void ratios and the different confining pressures on the dynamic shear modulus G and the
damping ratio yis analyzed. The test results show that, the dynamic shear modulus G is smaller as well as the damping ratio yis larger,
and dynamic shear modulus decreases rapidly as well as damping ratio increases sharply with the increase of shear strain in the real
lunar surface environmental conditions with low stress level and large void ratio. By using the Hardin-Drnevich model, the average
fitting curve of G/Gnax and A /4 nax With the change of the dynamic shear strain y under different void ratios and different confining
pressures are obtained; and the correlation formulas between dynamic parameters of the maximum dynamic shear modulus G, the
maximum damping ratio A, the reference shear strain y, and the stress level o are discussed. Accordingly, the range intervals of
Gmaxs 4 max» 7r Within the drill sampling depth (0-3 m) of the lunar soil as well as the recommended values of G/Gna. and 4
corresponding to each of the shear strain are presented.

Key words: CAS-1 lunar soil simulant ; dynamic shear modulus; damping ratio; dynamic shear modulus ratio; resonant column test;
Hardin-Drnevich hyperbolic model
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Table 1 Comparison of composition for simulated (50.00+0.10)mm (100.00+
lunar soil particles 0.20) mm
10 kPa 10 kPa

d10/}l.m d50/}l.m deo/}l.m Cy Ce
JsC-1 20 120 150 7.50 120
MLS-1 20 91 170 8.50 0.65
FIS-1 10 120 160 16.00 225
25 97 129 5.20 0.94
TI-1 20 260 431 2150 0.94
CAS-1 14 66 75 5.36 145
2 CAS-1
Apollo  Luna
1 CAS-1
2.3
e 10 08
Py
1.33g/em®  1.48 g/cm®
CAS-1
20 kPa

3(b)
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2.4
25 50
75 100 kPa 150 200 250 300 kPa
1.0 08
10°% 10*

0.001 0.002 0.003 0.005
0.007 0.010 0.015 0.020 0.030V
CAS-1
30 min LVDT



1 CAS-1 77

10
—— 25 kPa
G /4 4 g | —*50kPa
—4—75kPa
G ¥ —v— 100 kPa
6 L —+—150kPa
G N —— 200 kPa
S —— 250 kPa
S 4 | —*300kPa
- 5 L
[16]
0 L 1 1
10 10° 10° 10"
90 7 1%
—— 25 kPa
80 I —e—50kPa (a) e=1.0
70 F 75 kPa
—v— 100 kPa 6
< 60 | ——150kPa
s —<— 200 kPa —%—25kPa
E 50 | ——250 kPa 5 I —e—50kPa
S a0 | —+—300kPa —— 75 kPa
4 L —v100kPa
30 —— 150 IlzPa
P —<— 200 kPa
20 S 3 | ——250kpa
10 b < —e— 300 kPa
0 . . ' 2 F
10 10° 102 10 1 L
y1%
0 1 1 ]
(@) e=1.0 104 10° 102 10"
140 y1%
—— 25 kPa
120 |—e—50 kPa (b) ¢=0.8
—&— 75 kPa
100 +—v— 100 kPa
< —— 150 kPa 5 A 14
o —<4=200 kPa . . . . .
2 80 I —»— 550 kPa Fig.5 Relationships between damping ratio A and shear
S | —*—300 kPa %\ strain y of lunar soil simulant
40 1\‘\‘5
20
10 10° 102 10
y1%
(b) e=0.8
4 G ¥
Fig.4 Relationships between dynamic modulus G and
shear strain y of lunar soil simulant
G G y)

4.1



78 2014

- Hardin-Drnevich™"!

Ala =21 5
1+yly,
T G
= = _mx 1 G
V4 1+ }//}/r T n max
ﬂ’max Tmax
A= ﬂ’max (1_ Gl Gmax) 2 Gmax ﬂ“max
T 2
_ _“max 3
e G
1 5
1
G/ Grnax :m 4 [18 19] 6 2
2 CAS-1

Table 2 Equalization after the treatment of experimental results with different void ratios of
lunar soil simulant under different confining pressures
e=1.0 (py=1.33 glem®)

e=0.8 (py=1.48 g/lcm’)

O-/kPa Grnax ﬂ' max 7r Gmax j’ max 7I’
/(100 kPa) /107 /% R /(100 kPa) /107 /% R
25 225.120 9.230 1.440 0.050 394.410 5.640 1.840 0.040
50 318.550 7.770 1.610 0.030 544.820 4.330 1.880 0.030
75 404.150 5.950 1.800 0.050 660.240 3.490 2.130 0.070
100 476.100 3.760 1.700 0.040 781.250 2.550 2.280 0.050
150 610.720 3.530 1.790 0.040 936.290 2.500 2.530 0.040
200 685.590 3.350 1.900 0.040 1076.200 2.110 2.730 0.040
250 772.940 3.160 2.450 0.070 1232.730 1.740 3.040 0.040
300 871.310 1.940 2.350 0.120 1 359.800 1.560 3.350 0.030
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Fig.6 G/Gpa-yand A/A .-y experimental curves of different pore ratios of lunar soil simulant under different confining pressures
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Table 4 Fitting results of A,,,, and confining pressure o Table 5  Fitting results of y, and confining pressure o
25 100 kPa 100 300 kPa e As B3
e
Ay B; Ay B, 1.0 0.003 1.407
1.0 -0.073 11.240 -0.008 4.749 0.8 0.006 1.685
0.8 -0.040 6.530 -0.006 3.197
9
8 o CAS-1 0 25kPa CAS-1 y. o
ﬂ‘max ﬂ‘max o 8
8 5 10 08
0 25 kPa 7,
1.407% 1.489% 1.685% 1.822%
4.5 G/Gpax A
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7
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e=1.0 ¢=0.8 Table 6 Recommended values of G/G,,y, 4 and y of the
lunar soil simulant ( 0-100 kPa )
14 e=1.0 e=0.8
7 1% G/ G /107 G/ G /107
4 10 038 0.001 1.000 0.710 1.000 0.570
0 25 kPa y 0.003 0.917 1.220 0.954 1.100
11240x10°  9.415x102  6530x10° 5520 oo o 230 e AT
' ' ' ' 0.007 0.758 2.770 0.829 2.200
1072 0.010 0.679 3.400 0.727 3.140
4.4 % 0.020 0.547 4.750 0.617 4.000
o r
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Table 7 Recommended values of G/G,,y, 4 and 7 of the
lunar soil simulant ( 100-300 kPa)
¥, = A, + Bo 8 7 e=1.0 e=0.8
1% GlGrmax /10° GlGrmax /107
Az B3 5 0.001 1.000 0.450 0.993 0.440
0.003 0.947 0.730 0.959 0.670
4 - 0.005 0.868 1.200 0.910 0.980
0.007 0.803 1.510 0.865 1.300
3 0.010 0.701 1.860 0.789 1.760
© 0.020 0.576 2.990 0.654 2.220
\g 0.040 0.447 50.110 0.539 49.370
2
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Fig.9 Relationships between 7, and confining pressure o
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