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Study on Bearing Capacity of Lunar Soil Simulant Based on Laboratory Loading Test
GAO Hui'*, XING Shuting', ZHANG Yuxin', FANG Xiaohong',
TAN Songcheng', XIAO Long®*, DUAN Longchen'
(1.School of Engineering, China University of Geosciences(Wuhan), Wuhan, Hubei 430074, China;
2.Hubei Key Laboratory of Planetary Geology and Deep-Space Exploration, Wuhan, Hubei 430074, China;
3.School of Earth Sciences, China University of Geosciences(Wuhan), Wuhan, Hubei 430074, China)

Abstract; In the future, China will implement manned lunar landing missions, establish a permanent base on the lunar surface,
and realize the exploitation and utilization of lunar mineral resources. To address the issue of determining bearing capacity of
lunar soil during lunar surface construction, a method was proposed to use small-scale laboratory loading tests to deduce the
allowable bearing capacity and settlement of lunar soil simulant under large-scale foundations was proposed. Firstly, plate
loading tests were performed on lunar soil simulant with a compactness of 78 % using circular loading plates with diameters of 6
cms, 8 cm, and 10 cm, respectively. The measured load-settlement (p-s) curves of the lunar soil simulant were obtained, and
through curve fitting. the initial tangent modulus and ultimate bearing capacity were extracted. The tangent modulus method
was adopted to establish the relationship between the tangent modulus of the lunar soil simulant and its initial tangent modulus,
applied additional stress, as well as ultimate bearing capacity. Furthermore. based on the settlement calculation theory, the p-s
curves under foundations of arbitrary sizes were calculated. Validation against the results of small-scale load tests demonstrated

a good agreement between the calculated p-s curves and the measured ones. Secondly, the proposed method was employed to
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compute the p-s curves under large-scale foundations., and the allowable bearing capacity of large-scale foundations was
comprehensively characterized by integrating the ultimate bearing capacity criterion and settlement control method. The analysis
results of bearing capacity of lunar soil simulant under large-scale circular and square foundations indicates that with the
increase in foundation size, the allowable bearing capacity of the lunar soil simulant under both types of loading plates increases.
Additionally, the allowable bearing capacity of the lunar soil simulant under square loading plates is higher than that under
circular ones of the same size. It can be inferred from the calculated p-s curves that the settlement of the lunar soil simulant
corresponding to the determined allowable bearing capacity meets the engineering requirements. According to the standard size
of circular loading plates used in conventional loading tests, the allowable bearing capacity of the lunar soil simulant employed
in this study has been deduced to be 122 kPa. The proposed method for determining the allowable bearing capacity of lunar soil

simulant provides a scientific approach and theoretical basis for the determination of lunar soil bearing capacity during the

construction of lunar bases and the exploitation of lunar mineral resources.
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Table 1 Calculation parameters and results of lunar soil simulant settlement under first-level load
JZ %k z/m K. Ao /kPa P./kPa E./MPa As/mm s/mm k
1 0.005 0.996 19.911 201.341 4.121 0.048 0.048 1.000
2 0.015 0.911 18.211 205.925 4.217 0.043 0.092 0.472
3 0.025 0.738 14.753 210.509 4.388 0.034 0.125 0.269
4 0.035 0.562 11.246 215.093 4.558 0.025 0.150 0.165
5 0.045 0.424 8.479 219.677 4.690 0.018 0.168 0.108
6 0.055 0.323 6.468 224.262 4.786 0.014 0.181 0.075
7 0.065 0.251 5.030 228.846 4.854 0.010 0.192 0.054
8 0.075 0.200 3.992 233.430 4.903 0.008 0.200 0.041
9 0.085 0.161 3.229 238.014 4.938 0.007 0.206 0.032
10 0.095 0.133 2.658 242.598 4.964 0.005 0.212 0.025
11 0.105 0.111 2.221 247.182 4.984 0.004 0.216 0.021
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Table 2 The allowable bearing capacity and settlement

of lunar soil simulant under different
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Fig.8 The curves of allowable bearing capacity of lunar soil simulant varying with the size of the foundation
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