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Abstract: Rock fractures are the main seepage pathways in underground rock masses, and rapid, accurate prediction
of fracture permeability is critical for underground engineering. Existing modified cubic laws are mostly developed from
fracture roughness and contact area under low or no normal load. In this study, fractured rock surfaces were first recon-
structed using point cloud registration, and numerical virtual fractures with different initial spatial correlation character-
istics were generated using Gaussian random fields. The fracture closure process under normal stress was then simula-
ted using an accelerated convolution method based on half-space contact theory, and fracture flow was calculated with
the local cubic law. Finally, a permeability prediction model incorporating spatial correlation length was developed and
validated using the dataset. The results show that the proposed model achieves high prediction accuracy and outper-
forms formulas that neglect spatial correlation. Fractures with stronger spatial correlation exhibit lower normal stiffness
and more pronounced closure under high normal loads, resulting in relatively lower permeability.
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