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rock engineering, it is necessary to accurately reveal the



changing mechanisms of physical and mechanical properties of reservoir rocks to analyze the stability of high-temperature rock
engineering reservoirs and improve resource extraction efficiency. Based on the conventional triaxial compression tests of
granite after high temperature ranging from 20 to 600 °C under different confining pressures, complete stress-stain curves of
granite under conventional triaxial compression were analyzed and the influence of temperature and pressure on the
deformation and strength characteristic and failure mode was discussed. Meanwhile, their changing mechanisms of mechanical
properties of granite after exposure to various temperatures were revealed through optical microscopy observations. The test
results show that: (1) The triaxial compressive strength and elastic modulus of granite after high temperature gradually decrease
with temperature, and increase with confining pressure. Compared with room temperature, the uniaxial compressive strength
and elastic modulus at 600 °C decreased by 56.47% and 54.63%, respectively, while under 60 MPa conditions, the triaxial
compressive strength and elastic modulus only decreased by 41.04% and 33.51%, respectively. Temperature has a significant
effect on the expansion of volumetric strain, and the higher the temperature, the more obvious the volume expansion of the
specimens. The cohesion and internal friction angle of granite after high temperature both decreasedwith_ temperature; (2) When
the temperature is higher than 400 °C, the changes in strength and deformation parameters of granite'gréatly increases, and the
density and average width of microcracks also present a sudden-increase trend overall.{Meanwhile,*the failure mode of the
specimens under uniaxial compression conditions changes from axial splitting failure ‘to |shear failure. The threshold
temperature for the strength and deformation parameters and failure mode of granite‘is higher than 400 °C; (3) The microcrack
area (¢) and average microcrack width (Wa) both gradually increase with temperatute. At400 °C, ¢ and Wa increase to 1.52%
and 7.30 um. As the temperature further rises to 600 °C, ¢ and Wa reach 3:67% and 11.00 um, respectively, corresponding to
the decreasing trend of mechanical and deformation parameters with temperature. It was found that the escape of water
molecules inside rock bodies, differences in mineral crystal expansion ‘Cogfficients and mineral chemical changes lead to the
initiation, propagation and interaction of microcracks among and within crystals in the granite, which ultimately induces the
changes in the mechanical properties of the granite. The combination, of macroscopic and microscopic experimental results
reveals the physical and mechanical changes in reservoir granite;under high-temperature and high-pressure conditions, which
provides provide a theoretical basis for the design calculations and numerical simulations of high-temperature rock engineering

projects.
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Fig. 1 Untreated granite specimens
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Fig. 2 Analytical spectra of X-ray diffraction of granite
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Table 1 Physical and mechanical parameters of granite after high

temperatures under conventional triaxial compression

c3/MPa  T/°C Vpol(mis)  Vp/(mis) (o1—03)/MPa E/GPa &%
0 20" 4234 4234 163.69 23.29 0.893
0 200 4323 3571 148.05 22.12 0.949
0 300 4456 3030 128.57 21.60 0.916
0 400 4164 2564 130.10 20.20 1.104
0 500 3768 2000 124.02 19.37 1.184
0 600 3799 1087 71.24 1057  1.613
20 20" 4426 4426 252.75 24.35 1.403
20 200 4325 3571 234.44 22.74 1.408
20 300 3941 2941 230.37 21.79 1.374
20 400 3789 2500 223.70 21.62 1.429
20 500 4346 2000 172.61 2026 1.209
20 600 4369 1064 112.71 13.17 1.244
40 20" 4037 4037 294.17 24.43 1.603
40 200 3784 3571 274.87 23.20 1.654
40 300 4432 3030 268.82 22.69 1.641
40 400 4164 2564 269.59 21.64 1.532
40 500 4099 2000 190.49 20.51 1.306
40 600 4375 1099 121.79 14.73 1.242
60 20" 4372 4372 355.38 26.25 1.691
60 200 3867 3571 314.45 24.28 1.741
60 300 4241 2941 28604 24.09 1.621
60 400 3864 2564 278.91 24.24 1.643
60 500 4390 2041 261.50 2158  1.365
60 600 4432 1099 209.54 1745  1.297
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Fig. 3 Complete stress-stain curves of granite heated to various
temperatures under conventional triaxial compression with various
confining pressure
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pressure and triaxial compressive strength of granite after

exposure to various temperatures
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Table 2 Strength and deformation parameters of granite after high

temperatures under conventional triaxial compression

TPC  @l(9  c/MPa k Q/MPa A 2L R2
20 3734 4308  4.083 17402  5,=4.08303+174.02  0.988
200 3505 4214 3698 16201  ;=3.69803+162.01  0.977
300 3411 4028 3554 15182  ;=3.55403+151.82  0.931
400 3349 4079 3462 15173  ;=3.46203+151.73  0.931
500 3122 3454 3152 12261  ;=3.15203+122.61

600 3097 1847 3120  65.23 01=3.12005+65.23
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Fig. 10 Failure modes of granite after exposure to various
temperatures
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Table 3 Microcrack parameters of granite after high temperatures

i X5 1 X5 2 T PHE
e &% Wa/um &/%  Wa/um &% Wa/um
20 0.18 2.24 0.25 2.48 0.22 2.36
200 0.58 4.33 0.68 5.23 0.63 4.78
300 0.92 5.43 1.34 6.96 113 6.20
400 1.20 6.28 1.83 8.33 1.52 7.30
500 191 8.13 2.57 9.76 2.24 8.94

10.91 381 11.00

600 3.54

11.09 3.67
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Fig. 11 Optical microscopic pictures of granite after exposure to
different temperatures
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feldspar with temperature
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