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Influence of loading and unloading effect on mechanical properties of
impact rock under impact load

CHEN Jianhang, ZENG Banquan, ZHANG Junwen
(School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: In order to study the effect of basic roof period pressure on the dynamic characteristics of impact pillar, one-di-
mensional dynamic and static combined loading SHPB experimental device is used to carry out dynamic impact experi-
ment on the impact sandstone pre-treated by cyclic loading and unloading. In the experiment, three different axial cycle
thresholds are pre-set: 6, 12, 18 MPa, and then carry out dynamic compression experiments under different impact pres-
sure conditions. The dynamic mechanical response, energy evolution and fragmentation distribution characteristics of im-

pact sandstone under different cycle thresholds and impact pressure are discussed. The results show that the dynamic stress-
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strain curve of rock samples can be divided into elastic stage, yield stage and failure stage. The initial stage of dynamic
stress-strain curve is almost straight line, and there is no fracture compaction stage in static uniaxial compression. The av-
erage dynamic compressive strength, the average dynamic elastic modulus and the average dynamic deformation modulus
first increase and then decrease with the increase of the cyclic threshold. The average dynamic peak strain decreases first
and then increases with the increase of cycle threshold. The average dynamic compressive strength, average dynamic elast-
ic modulus and average dynamic deformation modulus of rock samples at the critical threshold are the largest, and the av-
erage dynamic peak strain is the smallest. The density of reflected energy and dissipated energy decreases first and then in-
creases with the increase of the cycle threshold. The transmission energy increases first and then decreases with the in-
crease of the cycle threshold. At the critical threshold, the density of reflected energy and dissipated energy is the smallest
and the transmitted energy is the largest. There are four kinds of failure modes of rock samples under impact load: crush-
ing failure, rock fragmentation, rock side spalling and rock splitting. Under each impact pressure, the fractal dimension of
rock samples decreases first and then increases with the increase of cycle threshold, and increases nonlinearly with the in-
crease of dissipated energy density. The densification of impact rock is better, the intensity of impact failure is weaker, the
fragmentation degree is larger, the dissipated energy density is smaller, and the fractal dimension is smaller. The research
results show that when the basic roof period pressure is less than the damage threshold value of the impact pillar, the peri-

odic pressure can improve the rock density and affect the damage degree of the dynamic impact.
Key words: impact pillar; SHPB; cyclic loading and unloading; dynamic mechanical response characteristics; law of
energy evolution; fragmentation distribution characteristics
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Fig.2 Stress-strain curves of the uniaxial compression test
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Table 2 Static mechanical parameters of rock samples
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6 -0.07
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Fig.10 Dynamic mechanical characteristics of impact rock samples
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Table 4 Dynamic energy parameters of impact rock samples

. o ) ASSHEWY RETHEWR/T BYIREW I FERE BB EY/( - em™)
HRE ORIRB(E/MPa il R /MPa ———— - — : — — — —
PHCAREE SRTM MHUARE SARTIM RHUERET AT RHUERGT SR T
C-1-0.1 132.704 26.381 51.673 1.113
0.1 141.135 27.368 54.367 1.210
C-2-0.1 149.566 28.355 57.060 1.307
C-3-0.3 360.300 74.344 115.954 3.463
0 0.3 358.692 73.066 117.155 3.432
C-4-0.3 357.083 71.787 118.355 3.401
C-5-0.5 470.805 111.126 131.117 4.656
0.5 475.147 107.454 136.140 4.717
C-6-0.5 479.489 103.782 141.163 4.778
C-7-0.1 116.354 18.765 56.314 0.841
0.1 120.036 17.883 61.995 0.818
C-8-0.1 123.718 17.001 67.675 0.795
C-9-0.3 334.149 50.242 145.320 2.823
6 0.3 327.698 55.362 142.803 2.639
C-10-0.3 321.246 60.481 140.285 2.454
C-11-0.5 485.959 89.623 178.752 4.433
0.5 490.528 81.878 185.309 4.550
C-12-0.5 495.096 74.132 191.866 4.667
C-13-0.1 110.861 8.046 86.862 0.325
0.1 111.861 8.474 82.617 0.425
C-14-0.1 112.861 8.902 78.371 0.521
C-15-0.3 341.846 37.475 185.500 2.422
12 0.3 336.304 40.438 186.757 2.223
C-16-0.3 330.761 43.400 188.014 2.024
C-17-0.5 481.733 62.142 236.364 3.733
0.5 482.220 59.921 232.183 4.873
C-18-0.5 482.706 57.700 228.002 4.013
C-19-0.1 120.031 12.727 77.031 0.617
0.1 132.131 16.390 74.022 0.850
C-20-0.1 144.231 20.052 71.013 1.083
C-21-0.3 335.608 42.210 168.181 2.551
18 0.3 346.569 44237 169.574 2.695
F-9-0.3 356.530 46.264 170.966 2.838
C-23-0.5 490.443 78.072 207.424 4.175
0.5 494314 74.775 202.454 4.423
C-24-0.5 498.185 71.478 197.483 4.670
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Table 5 Particle size and fractal dimension of impact rock samples
AL 1 2T Bt a4 d/ g [ES
EeLas 4 i B
<0.6mm 0.6~1.2mm 1.2~2.5mm 2.5~5.0 mm 5.0~10.0 mm 10.0~14.0 mm 14.0~20.0 mm >20.0 mm mm 5, ES 14
C-1-0.1  0.016 0.013 0.019 0.021 0.035 0.063 0.035 0.798  20.199 2.303 0.991
19.991 2.309
C-2-0.1 0.018 0.026 0.009 0.030 0.054 0.050 0.051 0.762  19.783 2315 0.978
C-3-0.3  0.206 0.135 0.043 0.110 0.123 0.050 0.176 0.156 9.865 2.669 0.971
10.456 2.655
C-4-03 0.176 0.141 0.059 0.103 0.125 0.048 0.207 0.142  11.054 2.640 0.962
C-5-0.5 0.321 0.235 0.036 0.096 0.159 0.060 0.094 0 5.848 2.752 0.927
6.430 2.749
C-6-0.5 0.301 0.243 0.036 0.080 0.184 0.027 0.129 0 7.012 2.745 0.917
C-7-0.1 0 0 0 0.001 0 0 0.081 0918 46.822
45.071
C-8-0.1 0 0 0.008 0.007 0 0 0.022 0.962 43.319
C-9-0.3 0.101 0.084 0.040 0.081 0.036 0.036 0.043 0.579  16.115 2.587 0.94
15.472 2.555
C-10-0.3  0.083 0.073 0.054 0.094 0.050 0.018 0.080 0.549  14.829 2.513 0.951
C-11-0.5  0.287 0.144 0.034 0.102 0.177 0.107 0.149 0 7.516 2.672 0.976
8.246 2.659
C-12-0.5 0.257 0.169 0.041 0.084 0.193 0.134 0.123 0 8.976 2.646 0.966
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ESE S
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Ea) D D
<0.6mm 0.6~12mm 1.2~2.5mm 2.5~5.0 mm 5.0~10.0 mm 10.0~14.0 mm 14.0~20.0 mm >20.0 mm mm ., B4
C-13-0.1 0 0 0 0 0 0 0 1.000  50.000
50.000
C-14-0.1 0 0 0 0 0 0 0 1.000  50.000
C-15-03  0.032 0.041 0.009 0.020 0.038 0.052 0.043 0.765  23.253 2.449 0.946
24.836 2.409
C-16-03  0.033 0.059 0.024 0.037 0.055 0.069 0.025 0.700  26.418 2369 0.936
C-17-0.5 0.155 0.071 0.090 0.126 0.184 0.115 0.130 0.129  10.510 2511 0.999
10.690 2.508
C-18-0.5 0.136 0.077 0.097 0.118 0.135 0.134 0.118 0.185  10.870 2.505 0.995
C-19-0.1 0 0.001 0.001 0.002 0 0 0.018 0.979  42.376
43.902
C-20-0.1 0 0 0 0.002 0.003 0 0.026 0.970  45.428
C-21-03  0.041 0.084 0.037 0.086 0.063 0.069 0.052 0.569  16.746 2.400 0.925
16.990 2472
F-9-03  0.054 0.059 0.023 0.057 0.029 0.041 0.072 0.665 17.223 2.543 0.949
C-23-0.5 0.196 0.103 0.070 0.116 0.169 0.171 0.126 0.050  9.300 2567 0.992
9.841 2.585
C-24-05 0214 0.136 0.068 0.099 0.133 0.201 0.112 0.038  10.383 2.603 0.977
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Fig.15 Fracture distribution curves of impact rock samples
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