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Mudstone swelling characteristics and key interface response under
water immersion

ZHANG Gongji', LI Changdong'?, MENG Jie*, ZHANG Zihan*, HUANG Dewei’
(1. Badong National Observation and Research Station of Geohazards (BNORSG), Wuhan, Hubei 430074, China;
2. Faculty of Engineering, China University of Geosciences, Wuhan, Hubei 430074, China)

Abstract: The swelling of clay mineral-rich mudstones upon water exposure is a critical factor contributing to various
geological hazards. However, there remains a lack of in-depth investigation into the microscopic and macroscopic response
mechanisms of clay minerals during the swelling process of mudstones, particularly at the molecular scale. This study employs
salt ions are as a “probe”, integrating experimental methods and molecular dynamics simulations to investigate the role of key
interfaces in controlling the swelling process of mudstone under water immersion. Results indicate that the formation of
numerous internal cracks within the mudstone is the primary cause of its swelling and deformation. The addition of salt ions
exerts a similar inhibitory effect on both the swelling and water absorption of the mudstone. At the molecular level, simulations

reveal that salt ions suppress the interlayer expansion during the hydration process of montmorillonite, highlighting the crucial
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role of montmorillonite in mudstone swelling. In contrast, illite resists hydration swelling due to strong interlayer interactions
and the formation of a boundary hydrogen-bond network. Furthermore, two interfacial response mechanisms underlying
mudstone swelling and deformation are elucidated: (1) hydration of intramolecular interlayer interfaces of montmorillonite,
which generates structural cracks through crystalline expansion within dense agglomerates; and (2) infiltration at intermolecular
micropore and crack interfaces, leading to air compression within the mudstone, which causes primary crack expansion and the

formation of a crack network. This study provides a foundation for advancing the understanding of catastrophic processes
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associated with water-related mudstone strata.
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Table 1 Basic physical indices of rock samples
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Fig.2 Mineral composition of mudstone samples
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Table 2 Settings for expansion simulation
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Fig.5 Swelling curves of mudstones immersed in different solutions
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Fig. 6 Cracks formed in mudstone under water immersion
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Table 4 Parameters of the mudstone crack network
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