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Abstract: To investigate the relationship between fragmentation and energy dissipation in
copper-bearing ore rock subjected to impact loading, a separated SHPB (Split Hopkinson Pressure
Bar) testing apparatus was employed to analyze the mechanical properties and energy transfer
mechanisms of copper-bearing tuff under varying impact loads. Additionally, fractal theory was
integrated to establish the correlation between dissipated energy and rock fragmentation. Utilizing
the finite discrete element method (FDEM), numerical simulations of crack propagation within the
rock were conducted. The results indicate that as the incident energy increases, the distribution
patterns of transmission energy, absorbed energy, and reflection energy remain consistent,
characterized by transmission energy > absorbed energy > reflection energy. Furthermore,
significant variations in fragment size distribution are observed with changes indissipated energy.
Specifically, as dissipated energy escalates from 19.52 J to 105.72 J, the average“fragmient size (ds)
decreases from 27.98 mm to 16.94 mm, while the fractal dimension (Db) incteases by 26.43%.
This suggests that higher dissipated energy results in more extensivesmacroscopic fragmentation,
an increase in the number of fragments, smaller particle sizes, and, enhanced uniformity.
Additionally, as the impact load intensifies, the time to crdek ithitiation decreases, and the
proportion of tensile cracks relative to total cracks increases. The application of the FDEM offers
new insights into the fracture and failure characteristics of'rocks.
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Table 1 Basic physical and mechanical parameters of copper b aring k pecimen
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Table 2 SHPB test data of copper-bearing ‘ore samples

s i TR W AT Vi) /] o/J
J&/MPa AR /5! 71/MPa
A-3 0.5 30.68 108.03 63.34 7.24 45.13 10.62
B-2 0.6 35.71 119.72 81.67 5.73 55.75 19.51
C-4 0.7 4425 141,35 105.92 7.32 66.10 31.57
D-1 0.8 50.93 163.19 130.76 8.05 74.19 47.75
E-3 0.9 53.62 189,55 168.28 23.94 83.45 60.60
F-2 1.0 59.15 200.93 203.33 37.88 89.99 75.12
G-4 1.1 64.81 249.8 22291 43.46 93.01 85.52
H-1 12 77.39 265.9 267.09 62.21 99.06  105.72
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Fig. 4 Relationship between impact pressure and incident energy curve
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Table 3 Experimental results of crushing fragmentation and screening of copper-bearing ore

FANERRAF T R(0.01g) 8

®/S Wiy <03m  <0.5mm  <1.0mm <2.0m <40m <95m <160m  <19.0m <26. <37. B
m m m m m m Smm Smm /mm

B2-0.6 19.52 0.04 0.18 0.13 0.31 0.16 1.35 2.95 12.8 36.44 12342 27.977

C4-07 3158 0.09 0.13 0.25 0.55 0.64 3.03 45 18.16 91.39 51.51 23.286

D1-0.8 4775 0.11 1.52 2.46 3.74 3.39 12.1 18.87 24.19 47.12 53.92 20.539
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E3-0.9 60.61 0.07 0.12 0.32 0.79 0.78 9.06 25.52 33.49 55.18 20.42 19.618
F2-1 75.13 0.1 0.24 0.54 1.33 1.25 9.85 40.75 39.61 22.46 20.47 18.277
G4-1.1 85.53 0.15 0.37 0.75 1.55 1.38 16.84 44.16 30.27 69.63 0 16.917
H3-1.2 105.72 0.27 0.68 1.2 2.6 1.92 20.17 51.22 32.99 46.95 12.74 16.942
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Fig. 8 distribution‘of different absorbed energy and fragmentation of copper bearing rocks
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Fig. 9 different dissipated energy and distribution of copper ore fragmentation
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Fig. 14 Crack Evolution Diagram of Copper-Bearing Tuff Specimens under Different Impact Air Pressures

(Blue - Tensile Cracks, Red - Shear Cracks)
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