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Abstract

As global deep space exploration advances toward a new phase of long-term habitation and sustainable
development, lunar base construction is transitioning gradually from technical concepts to engineering
practice. Among numerous site selection options, lunar lava tubes have garnered significant attention
due to their inherent radiation shielding capabilities, thermal stability, and potential internal space re-
sources, positioning them as key to achieving sustainable lunar habitation. However, as non-artificially
excavated, irregular subterranean spaces, lava tubes lack a systematic theoretical framework for adapt-
ing their natural forms to human construction needs. This study aims to integrate architectural and
engineering perspectives to systematically explore the compatibility between lava tube morphology and
artificial construction, providing a theoretical basis for future extraterrestrial construction practices. The
research centers on three core questions: How does the natural morphology of lunar lava tubes influence
their feasibility as structural carriers? Which structural engineering principles can effectively evaluate
and utilize their inherent load-bearing capacity? How can architectural design strategies achieve efficient
functional transformation while preserving geological features? The study employs typological analy-
sis to systematically classify the spatial forms of lunar lava tubes, summarizing fundamental patterns
of their spatial organization. Integrating geotechnical mechanics theory with finite element analysis, it
establishes a structural behavior analysis model for lunar lava tubes to evaluate their potential and limi-
tations as primary structures. Parametric design methods are then applied to explore the possibilities of
functional layout planning across different morphologies, ultimately proposing adaptive spatial interven-
tion strategies. Results indicate that lunar lava tube interiors exhibit distinct typological characteristics,
with different morphologies corresponding to varied architectural applications. Spaces with pronounced
extensibility suit linear functional layouts, while expansive areas provide ideal conditions for centralized
functional organization. Structural analysis reveals that the arched interfaces of lunar lava tubes can
form synergistic load-bearing mechanisms with implanted building systems under moderate human in-
tervention. Multiple design deduction cases demonstrate that through modular hierarchical organization
and adaptive structural integration, effective spatial transformation can be achieved within diverse lava
tube types, thereby balancing functional requirements with geological preservation. Through systematic
theoretical analysis and design simulations, this study demonstrates the feasibility of lunar lava tubes
as architectural carriers. Findings reveal that their irregular morphology does not hinder architectural
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utilization but instead presents unique opportunities for innovative extraterrestrial design. By employing
scientific morphological understanding, structural assessment, and spatial intervention strategies, natural
geological spaces can be rationally transformed into efficient artificial environments.
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