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Abstract: With the increasing demand for coal resources, safe and efficient coal mining has attracted the attention of all
sectors of society. In order to study the dynamic failure characteristics and constitutive relation of coal rock under different
strain rates, uniaxial impact compression tests of coal rock were carried out over a strain rate range from 20 s ' to 100 s' under
nine air pressures by using a split Hopkinson pressure bar (SHPB) with a diameter of 50 mm, and a high-speed camera was
used to monitor the whole process of coal rock failure. Based on the dynamic mechanical properties and fracture fractal
dimension characteristics of coal rock under different strain rates, the dynamic failure characteristics of coal rock were deeply
analyzed, and a dynamic strength statistical damage constitutive model was established based on Weibull statistical distribution
and Drucker-Prager failure criterion. The results show that the dynamic stress-strain curves of coal rock under different strain

rates exhibit obvious nonlinear characteristics, which can be roughly divided into linear elastic stage, plastic yield stage, peak
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stress stage and post-peak softening stage. As strain rate increases, dynamic uniaxial compressive strength and elastic modulus
both show a significant linear growth. The failure mode of coal rock changes from axial cleaving failure at low strain rate to
crushing failure at high strain rate. Coal rock fragments after dynamic failure are sieved and found to have obvious fractal
characteristics. At the strain rates of 20—-100 s, average fragmentation of coal rock samples is concentrated in 30-40 mm, and
fractal dimension ranges from 1.9 to 2.2. With the increase of strain rate, the degree of fragmentation increases and fractal
dimension increases, indicating that the proportion of large-scale coal rock fragments to the total mass gradually decreases.
Based on the relationship between the Weibull distribution parameters F,, m and strain rate, the dynamic constitutive model of
coal rock is modified. Comparing the model results with test results, it is found that the model can fully reflect the relationship
between stress, strain and strain rate, and the rationality of this model is also verified.

Keywords: split Hopkinson pressure bar (SHPB); dynamic strain rate; fragmentation; fractal dimension; dynamic constitutive

model; coal rock
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Fig. 1 Sketch map of a split Hopkinson pressure bar device
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Table 1 Basic physical and mechanical parameters of coal rock

KEMPa éls’ D/mm L/mm p/(grem™) o/MPa £,/107 E/GPa ﬂij‘%%%%E
P d
20.22 48.27 51.21 1.372 8.01 0.08 3.78
0.30 22.99 47.61 50.17 1.462 7.19 0.24 2.73 4.9 17
24.84 47.52 51.19 1.328 8.94 0.42 2.99
29.12 47.44 51.53 1.521 10.46 0.30 3.63
0.32 33.09 47.35 50.77 1.522 13.44 0.49 4.85 4.6 14
33.77 47.92 50.97 1.404 8.37 0.35 4.42
38.78 48.33 51.09 1.367 7.72 0.25 3.84
0.34 42.32 47.73 50.02 1.431 12.72 0.56 4.62 2.4 10
42.51 47.65 50.85 1.418 7.53 0.30 4.04
46.22 47.51 51.15 1.294 13.58 0.44 5.49
0.36 52.05 47.63 51.03 1.502 22.50 0.37 4.99 7.4 5
57.66 48.21 50.07 1.418 24.19 0.74 5.26
53.77 47.53 52.01 1.513 17.09 0.51 7.74
0.38 60.61 47.43 51.15 1.291 20.33 0.65 7.55 11.5 2
61.59 47.63 50.49 1.218 28.31 0.70 7.82
69.36 47.37 51.94 1.492 18.49 0.63 6.03
0.40 69.49 47.96 51.60 1.438 14.48 0.34 6.97 2.2 12
71.90 47.49 52.31 1.495 20.99 0.42 7.70
72.82 47.94 50.95 1.442 20.01 0.74 9.19
0.42 76.09 47.81 50.75 1.455 23.29 0.75 7.40 1.2 16
87.59 47.60 51.62 1.476 18.54 0.93 6.86
70.44 47.47 50.08 1.507 25.92 0.48 9.21
0.44 77.12 48.27 50.55 1.396 21.05 0.72 8.36 3.8 15
90.15 4791 51.65 1.461 26.05 0.67 6.82
91.51 47.35 51.56 1.477 32.82 1.06 10.99
0.46 95.69 47.47 49.74 1.489 30.96 0.64 12.41 2.1 13
98.48 48.23 50.95 1.430 32.50 0.74 9.47
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Fig. 5 Dynamic fracture characteristics of coal rock at dfferent strain rates
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Fig. 6 High-speed photographies for the dynamic fracturing process of two typical coal rock specimens
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Table 3 Computational results of constitutive model parameters
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