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Abstract: Mechanical properties of basalt are crucial for future marine resource extraction, lunar exploration, and Mars base
development. However, obtaining intact basalt cores is challenging due to the difficulties of sampling in deep-sea and
deep-space environments, making it impractical to determine their mechanical properties using traditional macroscopic rock
mechanics tests. In this study, a new method to get mechanical properties of non-standard basalt specimens based on
microscopic rock mechanics experiments and accurate grain-based modeling (AGBM) is proposed. The TESCAN integrated
mineral analyzer (TIMA) is used to analyze mineral composition and microstructure of basalt. Nanoindentation tests are used to
obtain elastic moduli of rock-forming minerals. AGBM models of basalt are constructed based on digital images obtained by
TIMA and mechanical parameters derived from nanoindentation. It is found that elastic moduli of basalt obtained through
AGBM-based numerical simulations of uniaxial compression tests closely align with those from macroscopic experiments. In
contrast, homogenization methods, including the Voigt-Reuss-Hill scheme, the Mori-Tanaka scheme, and the dilution scheme,
show considerable discrepancies. Finally, the study examines the impacts of interphase mechanical properties, porosity, and pore

filling on upscaling results of AGBM models. The proposed method provides an approach for predicting mechanical properties
EEWE: PEEL G ESR RIIH (2023TQ0247); HiIEE /G fl e EIH (2023M732715); EZK B L EHT TN RHRIBTH (GZB20230544);
JARA IR S N JERERF U 2T H  (2023A1515111071, 2024A1515011772) This work was supported by the China Postdoctoral Science Foundation (Grants Nos.
2023TQ0247, 2023M732715), the Postdoctoral Fellowship Program (Grade B) of China Postdoctoral Science Foundation (Grant No. GZB20230544), and Guangdong
Basic and Applied Basic Research Foundation (Grants Nos. 2023A1515111071,2024A1515011772).

I #5 B H#A(Received): 2024-06-03 & HH#A(Revised): 2024-11-11 3% HHA(Accepted): 2024-11-14 4 H AT HEA(Online): 2024-11-15

*EEMEE (E-mail: liuyiwei@whu.edu.cn)

© Editorial Office of Chinese Journal of Geotechnical Engineering. This is an open access article under the CC BY-NC-ND license.



9 1

FrRE, R TYORERIN ZaUa RO RN E M S HORETH Rt 7T 1957

of basalt samples in arbitrary shapes and small sizes.

Key words: basalt; nanoindentation; multi-scale; microscale mechanical property; upscaling method
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