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Optimization of Charge Structure for Fan-hole
Blasting in Underground Metal Mines
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(1. China ENFI Engineering Corporation, Beijing 100038 , China ;2. Key Laboratory of Ground
Control Management Plan in Deep Metal Mine National Mine Safety Administration,
Beijing 100038 , China ;3. China University of Minning Technology-Beijing, Beijing 100083 , China)

Abstract; This study develops an optimized fan-hole charging configuration grounded in Livingston’s crater theo-
1y to resolve the persistent challenges of collar zone over-fragmentation and toe region under-charging in conventional
underground fan-hole blasting operations , which frequently generate undesirable oversized fragments. Numerical simu-
lations employing LS-DYNA finite element software were performed to optimize fan-hole toe spacing. Through com-
prehensive analysis of rock damage zone distribution characteristics under both continuous and decked charging con-
ditions , this study demonstrates the superior efficacy of decked charging in damage control , with field experimental re-
sults providing conclusive validation. Experimental results demonstrate that while the spaced charging configuration a-
chieves comparable fragmentation effectiveness to continuous charging, it significantly reduces rock pulverization near
boreholes , thereby minimizing powder mineralization. Implementation of the optimized charging structure yields stope

blasting fragments with D,, and Dy, sizes of 7. 12 cm and 18. 52 cm, respectively, with maximum block size rigorously
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constrained below 28.49 c¢m and minimal occurrence of sub-5 cm fines.
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Table 1 Numerical simulation test scheme
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Charge structure

ES 8 fLIEER
Plan number Bottom distance
1 1.40 m
2 1.50 m
3 1.60 m
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Fig. 1 Schematic diagram of gun hole classification
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Table 2 Physical and mechanical parameters of ore body

HR R HEE /N BN APUR IR EE B ASPUIRE
Name Density Poisson’s ratio Dynamic compressive strength Dynamic tensile strength
4" Tron mine 2730 kg/m’ 0.3 121.1 MPa 12.6 MPa
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Table 3 Parameter table of explosive and its state parameter equation
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Parameters of JWL state equation

Density Detonation velocity

B R] Rz w E

750 kg/m’ 4000 m/s 276.2 GPa

8.44 GPa 5.2 2.1 0.5

3.87 GPa
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Table 4 Parameter table of material and its state parameter equation

% Density C, C, C,

c, C, C, E

1.29 ¢ g/em® 0 0 0

0.4 0.4 0 0.025 GPa
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Fig. 5 Schematic diagram of monitoring unit
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Plan Number Bottom distancéMonitoring point Effective stress

A

1 1.40 m

2 1.50 m
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Table 6 Rock mass breakage ratio of different charging structures

e | Beohi A ARTE T 5] Proportion of rock fragmentation
Charge structure Explosive load %5 1 34> Part 1 %8 2 #B4) Part 2 A Totality
i G2k 2
JEERRL 68 kg 70.58% 16.64% 43.61%
Continuous Charging
[ f 2 24

o, o, o
Deck Charging 41.2 kg 63.34% 5.94% 34.64%
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Fig. 9 Blasting effect before the stope test
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Fig. 10 Blasting effect of the stope test
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