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Abstract: To investigate the effects of decked charge structure on the energy transfer and blasting outcomes , a
study was conducted to improve the energy utilization rate of explosives and enhance the blasting impact based on the
blasting operations of a limestone mine in Chenzhou. Combining LS-DYNA numerical simulations with on-site optimi-
zation experiments, this research examined the rock stress distribution across different charge structures during bench

blasting. Simulations were performed on four charge structures: continuous charge,0. 6 m deck, 1.0 m deck, and
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1.5 m deck,with effective stress monitored at key points. Field optimization experiments were then conducted using a

novel transmissible explosive deck to analyze the overall blasting performance of the blast pile. The research results

indicate that the rock damage extent and average maximum effective stress reach peak values at a 1.0 m deck

length , resulting in favorable fragmentation. In field tests, the decked charge reduced the powder factor from

0.199 kg/t to 0. 179 kg/t,lowered the fine ore rate by 6.54% ,reduced the oversize rate by 3. 7% ,and increased

the average block size by 5 cm. This approach minimized energy wastage and resolved uneven fragmentation issues

with mixed emulsion explosives, enhancing the mine’s economic efficiency.
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Table 1 Mechanical parameters of rock specimens

A s VORORE, ORI/
PR (kg +m™) GPa IHEALE MPa MPa
AR 2600 21.90 0.29 5.11 82.5
*k2 BREAWEHSH
Table 2 Open-pit bench blasting parameters
L3
J 7" % PR - ) )
sy AR LR SRR s A s
/mm l/m l,/m
T H AL 150 13.5 3.5 1.5 7.25 4.75
ELIE S KASH EEES
A S e o L iy AT —
N f‘uai;iﬁfﬁ 28 gy 5t %11{#1%«%% gz E‘LIEHL‘ET/ ﬁFIEﬂL‘HT/
¢/ (kg-t7) Q/kg ms ms
12.0 71 LR 0.179 264 29 65
x3 WHMEHASH
Table 3 On-site explosives parameters
prodica | S AE M VA J I{)SI“ /
I Wi REED WML RO
(kg -m™) (m-s7) (pa-s”)  (J-kg')
IR F AL EZY 1260 5010 6.31e6 3.4e6 7.9
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Fig. 2 Numerical model of decked charge structure( unit;m)
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Table 4 Parameters of the RHT equation of state of explosives

- A AR
2600 21.9 82.5 2.44 8.44 5.11 2.1 0.5
n/GPa B, B, B T,/GPa T, D, D,
2.48 1.22 1.22 0.05 25.70 0.00 0.04 1

B* G’ G’ p,/GPa  p./GPa A, N, N,
1.6 0.53 0.7 0.4 6 0.25 0.62 3
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Table 5 Parameters of the JWL equation of state of explosives

W p/ HRE D/
whp B2 D A/GPa B/GPa R, R, w  E,/GPa
(kg - m™) (m-s™)
1260 5010 276.2 8.44 52 2.1 0.5 2.48

p=Co +Cp + Cyi> + Cp’ + (C, + Cou + Cu” ) E

(3) 2 bR Y
(3)

25 SAH A « MAT_NULL #f RHSE AL K 28 1 2 350
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Table 6 Parameters of the air equation of state of explosives

p/ (kg - m™) C, c, c, c, c, C, C, E
1290 0 0 0 0 0.4 0.4 0 25
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Table 7 Simulation test plan for charging

with different deck lengths
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Fig. 3

Schematic diagram of charge structure corresponding

to different deck lengths(unit;m)
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Fig. 4 Comparison of stress cloud maps for

continuous charge and 1 m deck length
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Fig. 5 Schematic diagram of measurement point location
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Fig. 6 Trend chart of stress time history curve of each measurement point
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Table 8 The proportion of different block sizes in the blast pile before and after optimization

A HR ST/ mm
PEREX IR MEEMEME 0~10  10~20 20~50 50 ~100 100 ~200 200 ~600  >600
BRI b L/ %
3 16.72 8.25 15.85 15.47 21.24 16.80 5.67
HALHT rhEg 9.39 4.40 12.40 15.48 19.88 32.00 6.45
RGeS TR 7.25 4.81 8.38 15.32 28.67 25.48 10.09
Sy 11.12 5.85 10. 54 15.40  23.93 24.76 7.40
3 6.40 7.45 9.72 13.50  27.88  32.20 2.85
e s R 2.32 2.12 8.00 10.01 27.71 45.08 4.76
PR R 5.01 7.47 10.75 13.52  27.52  32.25 3.48
S 4.58 5.68 9.49 12.34  27.70  36.51 3.70
x99 MUBIEREHEXSHEIIE
Table 9 Comparison of explosion parameters before and after optimization
A KELERE, w3
O S (kg 1) MRy KIE % B R/ % WP E/m  FHEE/em
VA2l 0.199 1.38 7.40 11.12 29.07 25
1 m 255 6] & 0.179 1.42 3.70 4.58 19.30 30
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Fig. 9 Comparison of the effect of the reactor explosion

before and after the optimization of the charge structure
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