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Table 1 Basic mechanical parameters of sandstone
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T .
WHN GPa (geem™) MPa
0 1.66 0.26 2.66 4.34
5 1.43 0.26 2.63 3.20
10 1.26 0.27 2.59 2.81
20 1.01 0.27 2.61 1.96
30 0.93 0.27 2.60 1.67
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Fig. 4 CT images of sandstone under different freeze-thaw cycles
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Fig. 3 Stress-strain curves of sandstone
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Table 2 Numerical calculation parameters
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Fig. 15 The stress-time curves of different measuring points of five freeze-thaw sandstones
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Fig. 16 Stress-cumulative energy-acoustic emission energy-time curve of freeze-thaw sandstone
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Numerical experimental study on failure process of sandstone
containing natural damage under freeze-thaw cycle

LIU Hui', XU Yali', YANG Gengshe', PAN Pengzhi’,

JIN Long’, TANG Liyun', HUANG Huigi'
(1. College of Architecture and Civil Engineerin, Xi’ an University of Science and Technology, Xi’an 710054, China; 2. State Key
Laboratory of Geomechanics and Geotechnical Engineering , Institute of Rock and Soil Mechanics, Chinese Academy of

Sciences, Wuhan 430071, China; 3. CCCC First Highway Consultants Co. LTD, Xi’an 710075, China)

Abstract: Natural damage such as fissures and pores make the rock microstructure show strong heterogeneity,
which influences the failure process and mode. In this paper, the numerical test of freeze-thaw sandstone split-
ting failure with natural damage was carried out based on CT non-destructive identification technology, com-
bined with digital image processing technology and CASRock numerical simulation software. The analysis of
splitting failure mode, deformation localization and crack evolution process of freeze-thaw sandstone with natu-
ral damage reveals the failure mechanism of sandstone with natural damage under freeze-thaw and load. The re-
sults show that the expansion of primary pores (cracks) and the formation of new pores in sandstone are the main
forms of freeze-thaw rock failure evolution. The failure of rock containing natural damage under freeze-thaw and
load is related to the degree and distribution of natural damage. The generation of secondary cracks mostly oc-
curs in natural damage-intensive areas. During the loading process, the stress in the localized damage zone is far
greater than sandstone’ s overall stress, and rock’s failure in the localized damage zone is synchronized with the
energy release and stress release in the region. Localized damage reflects the evolution of cracks in rocks and
helps to predict the direction of sandstone crack development. The failure mode of rock is related to the number
of freeze-thaw cycles. The freeze-thaw cycles make the sandstone with natural damage gradually change from
brittle failure to ductile failure, and the change of the overall strength of the rock is a gradual deterioration
process.

Key words: freeze-thaw rock; CASRock; CT scan; image processing; destruction process; localized damage
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