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Abstract: Experimental and theoretical investigations on basalt rock were implemented to explore the dynamic characteristics
of rocks subjected to crustal stress, geothermal environment, and dynamic disturbance and to enrich the theoretical research of
underground rock mass engineering. First, a split Hopkinson pressure bar (SHPB) device with a confining pressure loading
system was used to carry out constant-pressure dynamic compression tests on basalt samples at room temperature
(25 °C) and those that have experienced high-temperature treatment (100, 300, 450, and 600 °C) and water-cooling processes,
with confining pressures of 2, 4 and 6 MPa. Second, static and microscopic tests were conducted to understand the effects of

temperature and confining pressure on the dynamic mechanical properties and failure characteristics of basalt, respectively.

« WFSEER: 2022-10-07; &1 HHEA: 2023-04-12
EEUH: HEARFFIE(11862010); = FE A F T RMEMF 5 34 (20200088 )
E—EE: REM(1997— ), B, BS54, zehuixu@stu.kust.edu.cn
BIEEE: X 4(1981— ), B, W1, #4Z, kgliulei@kust.edu.cn

063101-1


mailto:zehui.xu@stu.kust.edu.cn
mailto:kgliulei@kust.edu.cn

543 4 TREEHE, 25 fHE Sh T Sk 5 ZaUA I8 RS A K AR % 6 3

Third, a dynamic constitutive model for basalt under confining pressure, high-temperature treatment, and water-cooling was
constructed based on the Weibull distribution theory. The results show there is a temperature degradation effect on the dynamic
peak stress and elastic modulus of basalt under the three sets of confining pressures. And the higher the confining pressure, the
more significant the temperature degradation effect. In addition, a confining-pressure-induced strengthening effect on the
dynamic peak stress and elastic modulus was observed for basalt samples at room temperature and those that have undergone
the process of high-temperature treatment followed by water cooling, though the effect tends to be weak for the sample that has
been subject to 600 °C treatment. For a given confining pressure, the degree of fragmentation of the sample increases with the
heat-treatment temperature. For a given heat-treatment temperature, the degree of fragmentation of the sample decreases with
the increase of confining pressure. The established dynamic constitutive model of basalt has good consistency with the
experimental results and can be used to predict the dynamic mechanical behavior of basalt under the coupling effect of high-
temperature treatment, water cooling and active confining pressure, thus providing theoretical support for underground
resource development and protection of underground engineering.

Keywords: rock dynamics; high-temperature treatment and water cooling; dynamic properties; failure characteristics;

constitutive model
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Fig. 1 SHPB device with confining pressure loading system
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Table 1 Basic physical and mechanical parameters of basalt after high-temperature treatment and water cooling

VS g/ C P/ (m-s™) HER S TR HE L/ MPa AL /GPa
JY-25 25 4146 89.89 8.70
JY-100 100 3988 83.72 7.36
JY-300 300 3735 73.78 6.01
JY-450 450 2911 56.14 4.39
1Y-600 600 2110 28.75 1.93
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Table 2 Results of dynamic compression experiments on basalt

S L/ C Hil /MPa BTN /GPa B ASIE(EY J1/MPa BRI
DY-25-1 25 2 24.21 194.73 0.0102
DY-25-2 25 4 30.17 237.29 0.009 8
DY-25-3 25 6 42.47 299.28 0.008 5
DY-100-1 100 2 21.57 178.04 0.010 8
DY-100-2 100 4 25.36 214.29 0.010 6
DY-100-3 100 6 37.89 257.44 0.008 4
DY-300-1 300 2 17.48 156.01 0.0118
DY-300-2 300 4 21.86 204.30 0.0118
DY-300-3 300 6 31.11 229.40 0.009 3
DY-450-1 450 2 13.31 118.79 0.0142
DY-450-2 450 4 16.76 151.98 0.0133
DY-450-3 450 6 23.04 183.90 0.0107
DY-600-1 600 2 7.04 79.86 0.0161
DY-600-2 600 4 8.48 91.96 0.0131
DY-600-3 600 6 11.01 107.11 0.0111
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Fig. 6 Dynamic stress-strain curves of high-temperature water cooling basalt under different confining pressures
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Fig. 7 Variation of dynamic mechanical properties of basalt with temperature
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