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Abstract: The topics such as fragmentation degree, active energy consumption and energy consumption efficiency of rock
mass under explosive load have attracted increasing attention in recent years. However, it is very difficult to conduct such
research due to its instantaneity, high temperature and high pressure characteristics. Systematic analysis and research on broken
blocks of rock mass and the variation of energy utilization under explosion load with the different minimum resistance lines
have been carried out. Plain concrete material was used to construct the model and carry out the model experiment. Theory of
energy consumption in fracture mechanics was used to calculate the crushing energy. The basic fractal theory was used to
calculate and analyze the fragmentation distribution law. Research results indicate that: the fractal dimension of broken blocks

is between 1.2 and 1.7, exhibiting a good linear attenuation trend with the increase of the minimum resistance line from
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120 mm to 200 mm; the crushing energy consumption increases first and then decreases. More specifically, the crushing
energy consumption is 440.0 J at 120 mm, and increases to the maximum of 1 106.5 J at 180 mm, and then decreases to
1 084.8 J at 200 mm. The explosive energy utilization rate is between 4.57% and 12.51% and the maximum value corresponds
to the minimum resistance line of 180 mm, the variation trend is consistent with that of the energy consumption value. The
trend of broken fragmentation and utilization rate of energy consumption is opposite. There is an optimum minimum resistance
line, corresponding to the optimized fragmentation degree and energy consumption utilization rate, in the model experiment is
160 mm which is 26.7 times the diameter of the charge. The research results can provide a theoretical basis for improving the
explosive energy utilization rate and guide the design and construction processes in future engineering applications.

Keywords: fragmentation; energy explosion; energy efficiency; fractal dimension
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Fig. 1 Experimental model
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Fig. 2 Measurements of physical and mechanical properties of standard samples
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Table 1 Physical and mechanical parameters of materials

W/ (kgm™) WP/ (ms)  JAALL HUREREI/MPa PERIEYGPa BTN/ (MPam'?)
1850 2326 0.235 8.38 10.02 1.50
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2 fEhiERE

Table 2 Explosive performance

JEZG2 5] 2/ (kgm ™) B (kI kg ™) 2 F7/mL PR/ (mes™)
BRE 0.025 5600 480 8300
#x3 BHSH

Table 3 Parameters of blasting

i FLE/mm 233 HAR/mm Zjit/g MG R EE/mm  HFE/ (kgm™) F /ML /mm

1 225 0.49 120
2 245 0.33 140
3 265 6 1.58 40 0.24 160
4 285 0.17 180
5 305 0.13 200
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Fig. 3 Outline after blasting
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Table 4 Cumulative mass ratio of rock blocks
NI RS R PR ERA R B 3 A 5 L

<50 mm <70 mm <90 mm <110 mm <130 mm <150 mm

HEHi/mm TR kg

120 20.60 0.17 0.39 0.51 0.62 0.79 1
140 28.90 0.13 0.30 0.48 0.59 0.78 1
160 42.04 0.14 0.29 0.46 0.58 0.77 1
180 55.39 0.13 0.31 0.45 0.57 0.77 1
200 57.66 0.10 0.25 0.35 0.55 0.75 1
60
/.
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40 +
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Fig. 5 Variation of mass with minimum resistance line
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Table S Fitting function

£ . HebZ/mm o D e
“12r 120 In y~1.38 In(x/12) 1.62 0.97
16l 140 In y,~1.49 In(x/12) 1.51 0.96

160 In y~1.55 In(x/12) 145 0.97
297702 S0 08 06 04 02 0 02 180 Iny=1.59 In(x,/12) 1.41 0.98
Inx/m) 200 In y~1.72 In(x/12) 128 0.96
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Fig. 6 Linear fitting curves
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Table 6 Parameter of fragmentation energy

gy wemepR  BURERY  AYRRWBY OFIRmAV meist O BORARY  BORREREWIE/  mkEERERIR

mm kg m’ m’ m’ J (107 m?*) (kJ-m™) %

120 20.60 0.15 1.13 0.98 440.0 11.13 39.51 4.97
140 28.90 0.19 1.50 1.31 589.5 15.62 37.73 6.66
160 42.04 0.24 2.13 1.89 848.7 22.72 37.35 9.59
180 55.39 0.29 2.75 2.46 1106.5 29.94 36.96 12.51
200 57.66 0.30 2.71 2.42 1084.8 31.16 34.80 12.26
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Fig. 8 Variations of fracture energy and energy density with Fig. 9 Variations of fracture energy (e) density and fractal
minimum resistance line dimension (D) with minimum resistance line
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