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PLANETARY ROCK MECHANICS FOR SUSTAINABLE LUNAR EXPLORATION

Abstract

Renewed global interest in the Moon, driven by programs such as Artemis program and other inter-
national initiatives, has highlighted the critical importance of understanding the mechanical behaviour of
lunar rocks and regolith for future exploration and infrastructure development. Activities such as landing
pad construction, subsurface excavation, resource extraction, drilling, and the development of long-term
habitats require reliable engineering knowledge of the mechanical properties and behaviour of planetary
materials under extreme environmental conditions. Planetary rock mechanics has therefore emerged as
an important interdisciplinary field at the intersection of rock mechanics, planetary science, and space
engineering.

Recognising this need, the International Society for Rock Mechanics and Rock Engineering (ISRM)
established the ISRM Commission on Planetary Rock Mechanics to advance research and collaboration
in this emerging area. The commission aims to develop a scientific and engineering framework for under-
standing the behaviour of extraterrestrial geomaterials and to promote the application of rock mechanics
principles to planetary exploration and utilisation. Unlike terrestrial conditions, lunar environments in-
volve unique factors—including ultra-high vacuum, extreme temperature fluctuations, intense radiation
exposure, and reduced gravity—that significantly influence rock and regolith mechanical behaviour, frac-
ture propagation, excavation performance, and ground support design.

This paper reviews the key objectives and strategic directions for the Planetary Rock Mechanics
research and discusses their relevance to current and future lunar exploration activities.

The integration of established rock mechanics knowledge with planetary science provides essential
insights for engineering solutions on the Moon. Applications include the design of stable landing pads to
mitigate plume-induced erosion, the development of subsurface habitats for radiation protection, excava-
tion systems for regolith processing, and geotechnical strategies for lunar mining and resource extraction.
Through international collaboration and interdisciplinary research, planetary rock mechanics subtheme
will play a critical role in enabling safe, sustainable, and economically viable lunar exploration.

The work of the ISRM Planetary Rock Mechanics Commission therefore represents a key step toward
establishing the scientific and engineering foundations required for future human presence and industrial
activity on the Moon.
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