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Study on Parameter Optimization of Combined Deep-shallow
Inclined Holes for Coal-rock Mixed Blasting
in High-bench Open-pit Mines

FEI Hong-lu ,REN Guo-lin ,LIU Yan-yu
(Institute of Blasting Technology, Liaoning Technical University, Fuxin 123000, China)

Abstract; To address the engineering challenges of high cost, prolonged cycles , and significant mining difficulties
in the selective extraction of near-horizontal composite coal seams in open-pit coal mines,a blended blasting tech-
nique combining shallow and deep inclined holes without coal-rock explosive mixing is proposed. This innovative
scheme effectively achieves the effects of throwing the rock mass in the upper part of the coal seam and loosening the
coal seam in the lower part,thereby optimizing a coal-rock separation while minimizing dilution rates. This study in-
vestigates the 3# coal seam at the 1054 bench of Wujiata Open-pit Coal Mine, utilizing mine production experience,

blasting crater tests,and nomogram method analysis to determine optimal mixed blasting parameters, including unit
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explosive consumption and borehole spacing configurations. Subsequently , optimized minimum resistance line configu-

rations were developed for both the rock stratum and the coal seam. A three-dimensional numerical model of the coal-

rock mixed blasting process was subsequently established using ANSYS finite-element analysis software. Numerical

simulations were carried out when the minimum resistance lines of the rock layer benches are 3.5 m,4.0 m and

4.5 m,and the corresponding minimum resistance lines of the coal seam benches are 8.5 m,9.0 m and 9.5 m,re-

spectively. The analysis evaluated three critical parameters; horizontal projection ranges at slope observation points,

interfacial damage at coal-rock boundaries, and fracturing efficacy in underlying coal seams, ultimately establishing

optimal minimum resistance lines of 4. 0 m(rock stratum) and 9.0 m( coal seam) . Further adjustments were made to

three key parameters:the vertical distance between rock stratum charges and coal seam,charge length,and explosive

configuration. The optimized scheme was implemented in the 1054 bench test area of Wujiata Open-pit Coal Mine's

No. 3 coal seam. Test results demonstrate that the optimized coal-rock mixed blasting scheme achieves a 14.47% in-

crease in average horizontal throw distance(28.4 m) , along with an 8. 86% reduction in boulder rate and 4. 73%

improvement in powder-block ratio. Additionally, the proportion of sub-50 cm fragments rises by 16.23% , while

shovel-loading efficiency increases from 400 ~450 m’/h to exceed 500 m’/h, fully meeting blasting performance ex-

pectations.
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Fig. 12 The stress state at the coal-rock interface unit of shallow hole bottom changes with time
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