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Damage and deterioration characteristics of red mudstone
under water vapor cycles
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Abstract: A series of water vapor cycle experiments was conducted to examine the evolution of strength, deformation, and damage
characteristics of red mudstone. The experiments included uniaxial compression tests and Brazilian splitting tests, utilizing acoustic
emission (AE) and three-dimensional digital image correlation (DIC-3D) technology. The study concentrated on the evolutions in
strength, deformation, and damage characteristics of red mudstone following different water vapor cycles. Results indicated that as
water vapor cycles increased, the water content and volume of the mudstone showed irreversible accumulation, and the time required
to reach water vapor equilibrium extended. Water vapor cycles caused reductions in compressive strength, tensile strength, elastic
modulus, and shear modulus of the mudstone, leading to the proposal of an exponential degradation model for red mudstone. During
uniaxial loading after different water vapor cycles, the failure mode of mudstone transitioned from overall shear failure to localized
development of dispersed cracks. The evolution characteristics included delayed closure points of fractures, earlier onset of initial and
damage stresses, extended compaction processes, shortened linear elastic deformation stages, and reduced ability of the rock to resist
deformation.

Keywords: red mudstone; water vapor cycle experiments; DIC-3D technology; acoustic emission technology
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Table 1 Basic physical parameters of rock samples
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Fig.4 Steps for water vapor cycle experiments
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Table 4 Experimental results of key parameters of mudstone under different water vapor cycles
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12/ /d /g /% /% /% / GPa / GPa / MPa / MPa
0 - 446.10 4.83 0.000 0 0.000 0 0.995 1.598 0.37 9.81 0.98
1 341  460.10~445.50  8.14~4.69 0.120 7 0.120 7 0.444 0.566 0.44 472 0.48
2 348  460.46~444.97 822~4.56 0.106 7 0.227 4 0.318 0.321 0.50 432 0.43
3 49.9  460.75~444.68 8.27~4.49 0.066 1 0.293 5 0.227 0.320 0.26 4.04 0.40
4 544 460.90~44437 830~4.42 0.036 6 0.330 1 0.214 0.304 0.27 3.77 0.36
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Fig.12 Point selection for 3D reconstruction using
DIC-3D technology
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Fig.13 3D reconstructed models of rock samples based
on DIC-3D technology
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Fig.14 Radial strain cloud maps of rock samples 3D
reconstruction based on DIC-3D technology
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strain curves

x5 TAEEF KBRS FRHER IE
Table 5 Characteristic stress values of mudstone under
different water vapor cycles

KIS RGN BRI BN VR

NHR o, / MPa o,/MPa o, ,/MPa o, /MPa
0 2319 4.825 8.155 9.820
1 0.269 2421 4.226 4.718
2 0.277 2.253 3.688 4.325
3 0.345 1.554 3.335 4.080
4 0.351 1.543 3.115 3.937
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Fig.17 Curves of normalized characteristic stress with
water vapor cycles
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Fig.18 Fracture patterns and 3D acoustic emission
localization of mudstone in uniaxial compression tests
under different water vapor cycles
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