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Physical and mechanical properties and related microscopic characteristics of
high-temperature granite after water-cooling
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Abstract: In order to understand the deterioration of physical and mechanical properties of high-temperature rocks, and the related
microscopic characteristics after water-cooling during the thermal reservoir construction, uniaxial compression tests were conducted
on five groups of granite samples, which at normal temperature and 200, 400, 600, and 800 ‘C had experienced water-cooling
shocks, respectively. Ultrasonic testing, XRD and polarizing microscope observation were adopted to analyze the microscopic failure
mechanics of rocks. Results show that with the increase of rock temperature, the peak strength decreases gradually with an increase of
the peak strain, and the failure mode changes from sudden brittle failure to progressive failure. The mass loss rate, volume expansion
rate, and density reduction rate increase with the increase of temperature, except for the ultrasonic wave velocity. The volume
expansion rate of cooled rock samples increases significantly when the temperature ranges from 400 °C to 600 ‘C, and the attenuation
rate of wave-velocity of rock samples decreases when the temperature ranges from 600 ‘C to 800 C. It is found that the larger the
temperature gradient, the more the transgranular cracks form due to the water-cooling shocks. A large number of transgranular and
intergranular cracks cause the failure modes of rock samples under uniaxial compression to change from tension-shear failure to shear
dominant failure accompanied by a large amount of powdery debris.
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Table 1 Physical parameters of granite samples
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different temperatures
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Table 2 Relative contents of the main mineral components
at different temperatures (unit: %)
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Fig.2 Water-cooled rock samples
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Table 3 Physical and mechanical parameters of water-cooled rocks

Y T/'C m /g my/g Vi fem? Valem®  pi/(gecem™)  pol(gecem™) wvi/(mes') w/(mes') UCS/MPa E/GPa
W-1 EHifi 516.9 516.9 197.2 197.2 2.6212 2.6212 3782 3782 242 .81 20.20
W-2 Hifi 519.7 519.7 198.4 198.4 2.6195 2.6195 3756 3756 227.36 19.24
W-3 Eif 517.6 517.6 197.9 197.9 2.6155 2.6155 3722 3722 246.65 21.03
Al 200 516.4 516.3 196.7 202.1 2.6253 2.5547 3757 3324 205.36 13.79
A2 200 519.3 519.2 196.7 203.1 2.640 1 2.556 4 3747 3221 209.16 13.46
A3 200 515.0 514.8 197.0 201.8 2.6142 2.5510 3771 3237 203.62 12.93
Bl 400 521.4 521.1 196.2 203.2 2.6575 2.5629 3743 2230 165.08 10.97
B2 400 514.1 513.7 195.9 202.4 2.6243 2.5371 3726 2183 190.36 11.31
B3 400 517.5 517.1 196.9 204.3 2.628 2 2.5296 3763 2 188 162.73 10.35
Cl 600 518.2 517.4 197.6 207.9 2.6225 2.488 7 3752 869 125.31 5.63
C2 600 519.2 518.3 197.2 207.7 2.6329 2.497 4 3736 841 127.11 5.98
C3 600 518.3 517.5 198.7 207.5 2.608 5 2.494 0 3759 916 130.16 7.14
D1 800 520.4 519.1 197.9 210.6 2.6396 2.467 2 3741 717 105.83 4.87
D2 800 525.8 5243 199.7 213.5 2.6329 2.462 4 3765 721 98.05 4.32
D3 800 521.4 520.0 197.8 211.8 2.6362 24575 3741 726 94.62 4.83
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Fig.7 Ultrasonic spectrums of water-cooled granite
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