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Experimental Study on Multi-Scale Damage Effects of Gneiss Under Deep and High-Temperature Environment
MAO Qihui', ZHAO Wei', FAN Dajun', CHEN Jun', XU Huan*
(1.Zhejiang Geology and Mineral Exploration Institute Co., Ltd., Hangzhou. Zhejiang 310012, China;
2.School of Metallurgy and Environment, Central South University, Changsha, Hunan 410083, China)

Abstract: To investigate the damage effect of fractured rock masses in deep geothermal high-temperature environment, gneiss
was taken as the research object, and micro CT scanning was carried out to obtain the micro-fracture evolution characteristics of
rocks under geothermal high-temperature action. Combined with three-dimensional seepage simulation and uniaxial compression
test, the permeability performance and strength degradation law were analyzed. The results indicate that geothermal high-
temperature effects can cause structural damage to rock masses. As the heat treatment temperature increases from 25 °C
(untreated) to 800 “C, the quality loss rate of gneiss specimens rises from 0.181% to 1.767% , the strength decay rate reaches
34.81% , and the surface porosity increases from 1.74% to 6.28%. As the heat treatment temperature increases, the porosity of
gneiss specimens gradually rises, and the non-uniformity of pore distribution intensifies. The non-connected pores within the
rock continuously expand and interconnect, while the volume proportion of connected fractures significantly increases. The
formation, propagation, and interconnection of thermal fracture surfaces caused by thermal damage effects adversely impact the
impermeability and load-bearing performance of gneiss specimens. Given the multi-scale damage effect caused by geothermal
high-temperature environment on deep rock masses, effective {racture sealing measures must be implemented in practical
engineering to ensure the safe operation of deep mining.
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Fig.1 The quality loss rate of gneiss specimens

under different heat treatment conditions
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Fig.2 The uniaxial compressive strength of gneiss

specimens under different heat treatment conditions
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Fig.3 The CT scan slices of gneiss specimens under different heat treatment conditions
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Fig.4 The porosity of gneiss surface at

different height positions
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Table 1 The porosity statistics of gneiss specimens

under different heat treatment conditions
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600 5.83 31.23 5.52
800 6.28 40.92 6.78
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Fig.5 The 3D pore models of gneiss specimens under different heat treatment conditions
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Fig.6 The pore volume distribution of gneiss specimens

under different heat treatment conditions
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under different heat treatment conditions
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Fig.9 The microscopic morphology of cross-section of gneiss specimens under different heat treatment conditions
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