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Abstract: Due to the excavation unloading effect and the amplitude attenuation of stress wave, the rock masses locating the
different distances away from the blasting source are subjected to different geostress and impact loadings during the blasting
excavation of underground rock mass. The construction of relationship between rock dynamic failure properties with impact
loadings has more important engineering practical significance compared with representating them with strain rate. In order to
investigate the effect of the values of impact loading and the geostress on the characteristics of rock failure and energy
dissipation, impact experiments of red sandstone were carried out with a modified split Hopkinson pressure bar testing system,
the impact velocities and axial static stresses were set seven levels, respectively. The effects of impact velocity on the failure
mode and mechanism of red sandstone under different axial static stresses were researched based on the broken rock
specimens. By analyzing the energy values of stress waves under different experimental conditions, the effects of the impact
velocity and the axial static stress on energy dissipation of red sandstone were investigated. The fragment fractal dimensions of

red sandstone under different impact velocities and axial static stresses were studied based on the sieve test results of the
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broken specimens. The results show that the increase of impact velocity will aggravate the destroy degree of the red sandstone.
The main part after macroscopic failure remains a circular cylinder when a red sandstone specimen is subjected to impact
loading and no axial static stress, the failure of the specimen is resulted from its insufficiency of resistance to tensile
deformation; but the main part after macroscopic failure represents a hourglass shape when the specimen is under coupled axial
static stress and impact loading, the failure mechanism is mixed tension and shear fracture. The dissipation energy of the red
sandstone increases in a quadratic function with increasing the impact velocity, the higher the axial static stress, the smaller the
increasing amplitude. With the increase of impact velocity, the fractal dimension of the red sandstone increases from zero
gradually. For a rock specimen subjected to specific axial static stress, there is a critical impact velocity which signifies that the
fractal dimension of the specimen will change from zero to greater than zero, and the critical impact velocity increases first and
then decreases with the increase of axial static stress.
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Fig. 1 Experimental setup with static-dynamic coupling loading
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Fig.2 Cone-shaped striker dimensions and incident wave
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Fig. 3 Stress-strain curve of red sandstone under uniaxial compression
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Table 1 Setting of static load and impact velocity

ey (mes ™) it #4573/ MPa i shien A (mes ™) Sl R F7/MPa ity BhAE/
4.0 0 15.76 12.0 36 141.87
6.0 9 35.47 13.5 45 179.55
8.0 18 63.05 15.0 54 221.67
10.0 27 98.52
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Table 2 Conditions and results of impact experiments
KRS ilg
o/MPa  v(ms") W/ Wi W D
<50mm <40mm <20mm <10mm <5mm <2mm <lmm
3.95 7.69 1.61 3.96 231.86 0 0 0 0 0 0 0
5.86 27.07 759 13.14 235.45 0 0 0 0 0 0 0
7.99 52.65 16.97 2430 235.04 0 0 0 0 0 0 0
0 10.01 83.77 25.11 3452 234.87 0 0 0 0 0 0 0
11.45 111.38 33.50 4393 230.36 0.32 0.32 0.32 0.14 0 0 0.903
12.29 129.19 3931  48.77 233.25 9.15 9.15 6.60 1.13 0.21 0.11 1.343
14.87 188.97 63.19  50.30 231.03 231.03 190.46 59.75 39.03 26.60 22.86 2319
4.16 9.93 3.57 5.81 232.89 0 0 0 0 0 0 0
6.08 22.69 8.13  10.16 232.36 0 0 0 0 0 0 0
791 48.12 1582  21.95 235.01 0 0 0 0 0 0 0
9 10.10 77.36 25.57 29.42 236.44 0 0 0 0 0 0 0
12.05 121.75 38.53  41.25 234.56 0 0 0 0 0 0 0
13.43 144.85 48.54  47.09 233.14 6.28 6.28 4.04 0.73 0.27 0.24 1.552
14.82 176.01 60.66  47.65 231.40 231.40 195.89 67.04 43.17 27.54 24.35 2.329
3.95 6.28 2.01 2.57 234.69 0 0 0 0 0 0 0
6.14 21.71 7.13 9.70 233.61 0 0 0 0 0 0 0
8.03 43.06 14.58  18.58 234.17 0 0 0 0 0 0 0
18 9.82 64.17 27.65  24.70 231.05 0 0 0 0 0 0 0
12.05 113.74 4294 39.76 233.49 0 0 0 0 0 0 0
13.78 142.30 58.13  38.49 232.17 67.92 31.25 8.05 3.47 2.57 2.20 1.854
15.40 177.67 72.68 41.14 229.66 229.66 204.22 75.99 42.78 27.78 24.49 2.323
422 5.39 2.01 2.37 236.18 0 0 0 0 0 0 0
6.05 17.93 6.64 7.07 233.49 0 0 0 0 0 0 0
8.05 39.10 13.99 16.16 233.28 0 0 0 0 0 0 0
27 10.08 59.33 22,71  21.01 233.62 0 0 0 0 0 0 0
12.15 101.63 40.06  33.76 0 0 0 0 0 0 0 0
13.55 130.97 60.55  38.87 236.20 0 0 0 0 0 0 1.850
15.21 165.58 81.27  37.19 234.39 60.63 33.61 10.51 3.79 243 2.12 2273
4.24 4.03 1.51 2.47 231.22 231.22 164.82 60.55 34.21 21.95 19.16 0
5.94 12.95 4.48 4.99 233.41 0 0 0 0 0 0 0
8.24 35.43 13.31 14.17 232.88 0 0 0 0 0 0 0
36 10.13 53.52 2097 1934 234.15 0 0 0 0 0 0 0
12.19 90.89 3525  29.85 232.27 0 0 0 0 0 0 0.729
13.70 119.48 46.41  31.78 231.64 3.01 3.01 0.86 0.11 0.01 0.01 1.908
15.42 156.97 6239  33.33 230.58 68.71 38.76 6.74 4.51 2.88 2.84 2.260
4.06 5.94 1.74 3.09 233.53 233.53 184.23 66.12 34.48 22.42 19.40 0
6.10 11.75 4.30 4.66 233.49 0 0 0 0 0 0 0
7.91 25.71 9.40 9.90 231.48 0 0 0 0 0 0 0
45 10.32 50.09 20.10  16.59 234.76 0 0 0 0 0 0 0
12.04 81.40 3573 22.96 234.89 0 0 0 0 0 0 0.725
13.39 104.49 4554 2943 233.60 5.33 5.33 1.61 0.18 0.04 0 1.886
14.97 136.00 59.14  28.06 232.46 69.65 33.64 11.57 5.29 2.76 2.44 2.285
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oc/MPa  v/(ms™) Wi/ w/I W/ D
<50mm <40mm <20mm <I0mm <5mm <2mm <lmm

4.08 3.50 1.12 1.45 229.52 229.52 194.74 72.69 36.93 24.19 21.67 0

6.13 10.38 3.86 3.88 234.17 0 0 0 0 0 0 0

8.27 29.15 11.48 9.56 229.48 0 0 0 0 0 0 0

54 10.27 41.95 16.66  13.09 234.37 0 0 0 0 0 0 0
12.06 78.03 38.88 18.54 232.12 0 0 0 0 0 0 2.043
13.82 108.35 5796  21.99 234.76 163.66 79.15 43.23 24.67 15.65 13.40 2.290
15.23 127.38 73.68 2273 230.14 230.14 198.28 64.51 38.67 24.75 21.46 2.341
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Fig.4 Rock specimens subjected to under different impact velocities
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Fig. 5 Failure modes of red sandstone
under different impact velocities
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Fig. 6 Rock specimens subjected to axial static stress of 27 MPa and dynamic loading of different impact velocities
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Fig. 7 Failure modes of rock under impact velocities of about 13.5 m/s and different axial static stresses
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Fig. 8 A crushed mine pillar at the Elliot Lake mine!"”!
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Table 3 Values of s5; and d,,, in main part of destroyed specimens at the impact velocity of around 13.5 m/s

o /MPa s/mm dy,/mm o /MPa s/mm dy,,/mm
9 6.88 44.40 36 23.08 36.26
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