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Thermal-Force Coupled Unloading Failure Characterization in

Granite with Different Fracture Inclinations
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Abstract: A large number of different inclinations of tectonic fracture exist for the Sichuan-Tibet Railway
along the tunnel peripheral rock, and often in the high ground temperature and high stress coupling environment. In
order to study the influence of fracture inclination on the unloading failure characteristics of hard rock under
high temperature and high stress coupling, this paper analyzes the unloading rupture characteristics of granite
specimens of a tunnel of Sichuan-Tibet Railway under 50 °C real-time temperature field through unloading test by
adopting indoor test and numerical simulation method. The results show that: the unloading strength decreases
with the increase of fracture inclination angle, when the fracture inclination angle is 0°, the unloading strength of the
specimen under the 50 °C real-time temperature field is obviously smaller than the unloading strength at room
temperature; the fracture specimen under the unloading condition has strong tensile damage characteristics,
and the dilatancy phenomenon of the specimen under the 50 °C real-time temperature field is more obvious when the
fracture inclination angle is 30°; When the fracture inclination angle is 0°, a penetrating fracture through the center
of the pre-fracture is generated; under the real-time temperature field of 50 °C, the larger the fracture inclination

angle is, the more dispersed microcracks are developed in the unloading process of the specimen, and the smaller the

e B #A:2025-04-29 (& 2578 )

EE R G 4E5E(2000—) , 5 IR VD N 1A RS AT 5 M TR FFHZ S5 10 RS
E-mail ; weithaozeng@ yeah. net

BIRAEE PRIELL(1992—) 2, IR A 181 B0, ARS8y 1) i T CRRTFZ ek 2 A nmR 53
P RIS . E-mail ; zhchen@ hnust. edu. cn

BEETE . B 5K A AR A4 (52004328) ; W1 /4 H A FL L 42 (2022))40149 ) ; #  48 #H T RF 5 B 58 50 H
(22B0518)



518 b N R CTIRS R N &

F22%

inclination angle is of the pre-fracture, the earlier the accelerated point of fracture development occurs.

Keywords: high stress unloading; thermal-force coupling; fracture inclination; granite
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Fig. 11  Comparison of numerical modeling anduniaxial

compression test results from indoor tests
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Table 3 Thermodynamic parameters of each

mineral composition of granite
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Fig. 12 Numerical modeling of granite and stress path

diagrams for unloading simulation tests
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Fig. 13 Fracture extension patterns of specimens with different

fracture inclination angles under unloading at 50 °C
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Fig. 14 Comparison of the number ofmicrocracks at the

BRI

end of unloading for specimens in unloading simulation tests
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Fig. 15 Vector plot of particle velocity for specimen

with 0° fissure inclination angle
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Fig. 16 Rhythmic change ofmicrocrack number in
pre-cracked specimens at any time step in 50 C

unloading simulation test
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