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Bearing properties of TJ-M1 Mars soil simulant
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Abstract: The mechanical and engineering behaviors of Mars soils play an important role in Mars exploration, which is one of
the main objects in Mars exploration. The plate loading tests (PLT) on Mars soil simulants can be used to investigate the
engineering properties of real Mars soils, which can serve for the safe loading of Mars probe. For this aim, the TJ-M1 Mars soil
simulant is developed, on which a series of cone penetration tests (CPT) and plate loading tests are carried out. The
experimental data are further analyzed with the existing empirical formula which relate the data of cone penetration tests and
plate loading tests on sands in order to choose a suitable empirical formulas for Mars soils. Firstly, a 6 mx6 mx1.25 m (length x
width x height) testbed is constructed, and paved in five layers. Then 8 cone penetration tests and 2 plate load tests are
performed symmetrically on this testbed. Finally, the bearing capacity data are compared with those predicted by the Terzaghi
classical correction formula and 11 empirical formulas relating CPT and PLT results for medium-dense sand. The results show
that the bearing capacity from the Terzaghi classical correction formula is obviously smaller than the experimental value, while
the empirical formula ([R]=80Ps+31.8) can be used to predict the bearing capacity of Mars soils from CPT data approximately.
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Table 1 Physical and mechanical behaviors of in-situ Mars soils

g O BE @Ry PR

KA p/(grem?) c/kPa Q/(°)

. i — 0.2~2.3  28~34

[2]

Viking a1+ 1.6 0.1~1  20~40
Pathfinder!! Wt — 0.53 26
Spirit[6] — — 52 335
Opportunity” ~ — — 5.13 33.5
Curiosity!®! — — 0.2~1.2 38

7 2 #ANEHUNE HIRYIEM SRS
Table 2 Physical and mechanical behaviors of typical Mars soil

simulant

Mg, B FhEs o NEEEA

Lk WE plgemd)  ckPa @ /()

JSC M-11 b 0.02~0.87 191 47
MMS 1111 b 1.384 0.81 38
MMS 11! fib 1.341 1.96 39
Salten SKov 112 — 1.2~1.62 — —

ES.1019 f@%g — 1.33 29.48

R — 3.9 32.32

ES.o013 fivs — -0.24  38.16

i — -0.82 41.43

ES.300% f@%g — 0.26 35.76

s R — 1.37 34.31

DLR-Al4 — — 0.18 24.8

DLR-B[' — — 0.441 17.8

% 3 TI-MI1 #EUGRYIE hF MRS B H B R
Table 3 Target ranges of physical and mechanical behaviors of

TJ-M1 Mars soil simulant
I B WM

VR ZH p/(g-em?) c/kPa Q/I(°)

HArE 1.35~1.60  0.24~1 35~40
TI-M1 #54k 158 1.38 0.45 37.1
T4 E/100% 100 100 100
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Wil S 4% 5 I AR 45° , SBARE . ARBUB
1.5 m, >R FHERTH G 1 3R 400 T 78 5 T A AR (1)
PIAFJEGES, B (bR IR B R S 528, RIS PR
32 1) EHEERE 77, 98/ N KRS 45 SR s . Rk 3%
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Fig. 1 Landing testbed
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Fig. 2 Photos of plate loading tests
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Fig. 3 P-S curves of TJ-M1 Mars soil simulant obtained from
plate loading tests
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KB FAE 1 24 2075 21 19 s A% R AR 3% ARG T B e
RIGAE B Ao ARV EAZ I A S H R PR
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(B AT & 2018 IE 4 RE 58 vtk A b A 72 TI-MUBEADL K
BRI FEAR PRARE T, AR IR (5 72.55 kPafF
SNTI-M UL K 8 I A PR AR 8 1
2.2 BhiRARER RO

Y BRI 55 0 R i (384D WYE i PRIATE 7 [1)
ON2AH, BRANII SN T4, 24T iR G %
PEHEAT AL BRI Ps - iR 2R, WiPE4, SHR.
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Fig. 4 Ps-h curves of cone penetration tests (points No. 1,2, 7 and 8)

L4, EISHIP - hET 25 B Al LAAS Y DA 45
W 8NN AU B I R A, HLEGBENBH e 3
M ILAEZ0 cmMI80 cmiR FEF AT,  Hh [a] FHEAL I A1)
PR T DY JE I . B TR ETE T
IRTRVECKR, #4k EXE ARSI SRR, Halieid 12
HRge N R, 1R8I LA E S, TAERK
WHERTE AR 5E IR AT (A I B IK TR FE I LE B
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Fig. 5 Ps-h curves of cone penetration tests (points No. 3, 4, 5 and
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2l /A L

[R]=80P +31.8 3)
[R]=104P +26.9 (4)
[R]=36P +76.6 (5)
[R]=(25~33)P (©)
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NS (MPa) BY,
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AL DL b A PA] R I O Ko R 22 56 4 A
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Frad (R AR,

FI AT A A2 20 1/ HESR B BN BE D AR 57
PTG R0 45 AR BRI 5%, 388 1 AR
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ik, AIARAUGRE I BTN BE ) P AR ST
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Table 4 Bearing capacities of TJ-M1 Mars soil simulant from
empirical formula (kPa)
VAS:N M
B f1 f2 "3 M s He 7 g
3) 77 61 60 76 87 77 71 72
@) 86 65 064 84 99 86 78 79
%) 97 9 8 9 102 97 94 95
14~ 9~ 9~ 14~ 17~ 14~ 12~ 13~
19 12 12 18 23 19 16 17
(7 18 12 11 17 22 18 15 16
®) 36 23 22 34 43 35 31 31
©) 57 37 36 55 70 57 49 50
(10) 514 509 509 513 517 513 512 512
(11) 258 231 229 255 273 257 247 248
(12) 8 54 52 85 107 88 75 77
(13) 97 50 46 92 119 96 81 83

IR AT 1, ML AR 3R 7 5 1 0 il LE BN BE T
2otk 220 8 SR 85 SRR B BB AT & Bl A5
MARAER, Hit EEEALEDE30~90 kPajilH,
R T I 37 156 S AE 72.55 kPatHXTEE, AN R i
THEAEDE —EmE . $5800 580450 A X0t
AN T S2 bR B AR, HHH A K {514 kPa
fHot. ZR LPTd, Xt N Xt EH 5%
EXFEE T, KA (3D, (4 it EAE S I
NFEIE . He 3 (4) TSR R IR T B 3 ETK
M (3) F48E AR W B 32 23 73 A Hipsh i
Mo NTHEBRFA (3) B REMSHERE ALK
SR AR HO 250 8 3 K AN A TS S
WAEBEAT L, RZE T RS,

x5 £HAN 3) WREDH
Table 5 Differences between experimental data and predicted

results of Eq. (3)
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#1 6 #5 20
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#4 5 3 1
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