Ha3E HE3W ok Vol.43 No.3
2026 49 A BLASTING Sep. 2026

doi:10.3963/j. issn. 1001 —487X.2026. 03. 015

AEEeXEREEAFHEEEEEZXY LWNENH
ft B HEE ¥ B EER RER

(L. S ESRER I A R A R T R T AR X 714102 52, 5 R T 28 22 Rty 22 S BN, T R T I X 7140005
3. DU TR BEURS BRE TR 7 Bt , Ui 430070)

H OE: HBHEERSTLEHRSA MR EERERT ARSI M, A TR 2527
H B —AE A T REIAES 6 RA5E XA [ 5, R A LS-DYNA 557 31 0k My 2 AL AL A | A st AL 4L if 4
#25 BIQ AR ESAFHARMEXE G M ELLEMNOBRIE  KARERKALZEATUREEHIZA, »
M ARR R AL XIS R0 B g oy A A AR £ 7, T 45 5 I3 HAL T 3o shBE DL ey OB BT A IR E, AFRER
AU AR B RAB S XA BE BRI H R T HRBES W IRER, B A5FERAN B m, AFRARS
HXE TR G BB R EBRIKT 7.14% ,H 7 £EALT 10.08% , FH3pE LH4 T 5 em, X ET &L F
BV AL S S 5 R 3 A 6 P, AR T 6 447 B 4 09 R A, A L R 25 4 M AL R A

KEEW: REIUCEL; Rase XN E; BERE; RkE; Hax
mES %S TD235.3 XEARIRE: A XEHS: 1001 -487X(2026)03 -0151 - 09

Development of a Decoupled Spacer and its
Field Application in Open-pit Mine

FU Qiang' ,ZHAO Chang-xin' ,ZHANG Yao® ,LI Jia-le' , ZHANG Bo-yang’
(1. Jinduicheng Molybdenum Co. ,Ltd. ,Huazhou District, Weinan 714102 , China;
2. Public Security Detachment, Weinan Public Security Bureau, Linwei District,

Weinan 714000, China;3. School of Resources and Environmental Engineering,
Wuhan University of Technology , Wuhan 430070 , China )

Abstract; To address the issues of low explosive energy utilization and suboptimal fragmentation distribution at
an open-pit mine in Weinan, this study developed a specialized decoupled spacer for bulk emulsion explosives based
on spaced charging theory. Using LS-DYNA software ,a numerical model was developed to simulate blasting processes
with three distinct charging structures : continuous charging, BJQ-spaced charging, and the novel decoupled charging
method. Blasting stress nephograms were generated for each charging structure, enabling comparative analysis of
stress distribution characteristics across different charging modes. Field optimization experiments successfully valida-
ted the numerical simulation results for the evolution of rock stress distribution. The results demonstrate that the de-
veloped decoupled spacing device effectively meets engineering requirements for spaced charging while significantly

expanding stress distribution ranges. Field implementation reduces boulder yield by 7. 14% and fine ore yield by
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10. 08% ,while increasing the average fragment size by 5 cm. This solution addresses issues of high explosive con-
sumption and uneven fragmentation ,lowers subsequent loading and transportation costs,and provides valuable refer-

ences for charging structure optimization in similar mining operations.
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Table 1 Mechanical parameters of rock specimens
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Rock Tvpe Density/ Moisture Tensile Compressive Cohesion Internal friction Elastic Poisson’s
P (g+em™) content%  strength/MPa  strength/MPa ¢/MPa angle ¢/° modulus/GPa  ratio w/p
ERIIE ey
Andesite 2.57 1.66 1.6 20.2 2.73 35.4 3.88 0.30
porphyrite
ﬂj:';]ﬂfﬁ 2.49 2.01 4.7 50.5 5.03 42.6 13.01 0.24
Granite porphyry
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Table 2 Open-pit bench blasting parameters
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ELFLZ%L Drilling parameters

BhifliE AL E AR BhifL LI IR TR fLEE HErE
Drilling Hole diameter Drilling Stemming Subdrill Spacing Burden
pattern d/mm depth I/m length [,/m l/m a/m b/m
T AL

2 13. . L. .1 .2
Vertical hole 50 33 6.0 5 8.10 6.20
Bench parameter Charge parameters Initiation parameters
P 3 B3 T A gk ME2i e spqLaegiit ALRERT  HRRIER
B B .
Bench height Bench slope Charging Powder factor ~ Charge per Inter-hole Inter-row
eneh et angle a/° method ¢/(kg-t™")  hole Q/kg delay/ms delay/ms
SR 2
12.0 71 S 0.32 464 25 65
Continuous charge
x3 WEMEASH
Table 3 On-site explosives parameters
; W R AR A PeRHHT R HRIE
YRG! : : . _ ) .
Exolosive t Density p/  Detonation velocity =~ Wave impedance Z/  Detonation heat Blasting
xplosive type (kg +m™?) D/(m-s™") (pa-+s™") 0,/(J - kg™") pressure/GPa
i 47, Y k52 S e 2
RGRATNES 1260 5010 6.31¢6 3. 4¢6 7.9

Site mixed emulsion explosive
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Charge diagram with the decoupled spacer
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Fig. 7 Schematic diagram of numerical calculation models corresponding to different charge structures( unit:m)
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Fig. 8 Stress damage cloud chart corresponding
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Fig. 9 Location of measuring points
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Table 4 Blasting test parameters
1=} B B El
HORALEE I/ MLER I KRR /MR ; !
. . . . HhfLFLIE EERES
Maximum Minimum Maximum Minimum o K
. . Drilling depth/m Subdrill/m
spacing/m spacing/m burden/m burden/m
8.1 6.2 5.69 4. 66 13.5 1.5
Bl 2 TR SRR [ 1< 2 BIHEL BB TR AR
Charge per Average Average Deck Average distance from the front Powder factor/
hole/kg spacing/m burden/m length/m row holes to the crest line/m (kg-t™")
440 7.81 5.3 1.0 2.1 0.28
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Fig. 10 Variation law of stress injury corresponding to different charge structures
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(a) PEALTT

(a) Before optimization
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Fig. 13 Comparison of the effect of the reactor explosion
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(b) After optimization
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Fig. 12 Blasting process

before and after the optimization of the charge structure
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Table 5 The proportion of different block sizes in the explosion pile before and after optimization

A3 R SF Rock block size/mm

%W[ijz };%i%{ﬁﬁ . 0~10 10~20 20~50 50~100 100 ~200 200 ~600  >600
Blasting area Muck pile position
HRIAE L /%
AR ¥ Upper part 16.72 13.25 16.85 10.35 16.19 15.70 10.94
TR IR i Middle part 15.27 13.28 12. 14 16.48 19.88 16.50 6.45
Blasting effect JETH Bottom part 7.25 10.91 10. 46 11.03 14.63 21.35 24.37
before optimization SEH Average 13.08  12.48  13.15 12.62  16.90  17.85 13.92
LG 5 Upper part 6.40 14.50 16.70 12.10 20.50 27.20 2.60
PR R i Middle part 2.32 3.40 9.03 26.70 23.71 30.08 4.76
Blasting effect JEEFB Bottom part 0.28 5.74 11.89 20.30 25.09 23.72 12.98
after optimization -4 Average 3.00 7.88 12.54 19.70 23.10 27.00 6.78
* 6 MULFBBEHEBRSH
Table 6 Analysis of blasting effects before and after optimization
Sy YEZEAFE R R W f ek ﬁ}ﬁ“i SRy
Test scheme Powder factor/ Bulking factor/m Slope face Boulder yield/% Fine ore Average
(kg-t™") angle/° yield/%  fragmentation/cm
AL T Before optimization 0.32 1.38 23 13.92 13.08 25
fitAk)5 After optimization 0.28 1.42 29 6.78 3.00 35
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