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Table 1 Mechanical parameters of dolomitic siltstone

f./MPa o/MPa /MPa E/GPa v o/MPa R,/MPa co/m's’!

118 7.78 3.81 38.03 0.27 172 21 3600
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Table 2 Confining pressure parameters

o,=03(Mpa) o1(Mpa) Py o4
0 118 0.33 1
20 285.64 0.92 2.25
40 396.66 1.35 3.02
60 488.77 1.72 3.63
80 570.39 2.06 4.16
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Fig. 2 Fitting curve of the failure surface
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Table 3 RHT constitutive parameters of dolomitic siltstone

polkg -m3 By T, e ny A,/GPa P’ é
2415 1.22 0 0.1049 0.61 38.18 0.001 0.5
A B, fJ/MPa Qo Doomp/GPa Be g’ D,
2.470 42 1.22 118 0.680 5 6.0 0.013 8 0.53 0.04
N T\/GPa £ B G/GPa B g’ D,
0.740 47 31.30 0.18 0.05 16.29 0.018 2 0.7 1
&m y As/GPa n, Ar A,/GPa pea/MPa o
0.01 1.14 8.02 3.0 1.60 31.30 60 1.12
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Table 4 Explosive material parameters

D/(m-s
p/(kgm'3) 1) PCJ/GPa A B R, R, w Eo/GPa

1150 3500 9.7 214.4 0.182 4.2 0.9 0°152 4.190
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Table 5 Parameters of the water state equation

pl(kg-m-?) C Sy S, $3 Y0 Ey

1000 1.647 0.344 -0.096 0 0.35 0
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Fig. 3 SPH-FEM coupling schematic
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(a)Numerically simulated blasting crater (b)Field blasting crater
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Fig. 5 Comparison of blasting crater morphology between field tests and numerical simulation
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Table 6 Statistical data of numerical simulation results of blasting cry/ro. A
Data source Burial Depth/m  Crater Depth/m  Crater Radiu;/m/ )@@Volurne/m3
Numerical simulation 1.0 0.95 094% \,\ 1.087
Field test 1.0 0.931 093¢ N\ L1043
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Fig. 11 Peak effective stress curves corresponding o \variations in borehole spacing
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Fig. 12 Crack propagation scale and morphology
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Fig. 13 Average crack propagation length and crushing zone radius under different uncoupling coefficients
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Presplithole ~ Main blast zone
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Fig. 16 Schematic diagram of the location of sonic test boreholes
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Optimization of Borehole Spacing and Decoupling Coefficient for
Presplitting Blasting in Water-Bearing Borehole

SHEN Zewei'?,/ LIU Haoshan'2, ZHANG Zhiyu'2*, HUANG Yonghui?, HE

Defu*, ZHANG Shuai'-?
(1. Faculty’of'Land Resources Engineering, Kunming University of Science and Technology,
Kunming 650093, Yunnan, China;
2. Advanced Blasting Technology Engineering Research Center of Yunnan Province
Education Department, Kunming 650093, Yunnan, China;,
3. Faculty of Electric Power Engineering, Kunming University of Science and Technology,
Kunming 650500, Yunnan, China;
4. Faculty of Public Safety and Emergency Management, Kunming University of Science and
Technology, Kunming 650093, Yunnan, China)

Abstract: In water-bearing borehole presplitting blasting, the incompressibility and high wave
impedance of the water medium significantly alter the transmission pathways of explosive energy
and the rock fragmentation mechanism. As a result, traditional parameter design methods based on
air-filled boreholes often lead to high overbreak ratios and excessive damage to the retained rock
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mass in water-bearing strata. Taking the water-rich slope in a phosphate mine as the engineering
background, this study establishes a coupled smoothed particle hydrodynamics-finite element
method (SPH-FEM) numerical model. The model is employed to systematically investigate the
propagation characteristics of blast-induced stress waves, rock mass damage evolution, and crack
propagation behavior under different borehole spacings and decoupling coefficients. The results
indicate a strong correlation between the superposition of stress waves from adjacent boreholes and
the coalescence of presplitting cracks. When the borehole spacing is 1.4 m and the decoupling
coefficient is 2.34, the average crack propagation length reaches 49.48 cm, enabling the formation
of regular and continuous through-going presplitting cracks while effectively suppressing excessive
crushing around the borehole wall and the development of secondary cracks. Field tests further
validate the reliability of the numerical simulations: Utilizing the optimized parameters, the half-
hole rate of presplitting blasting in water-bearing borehole increases to 85%, and the reduction rate
of acoustic wave velocity decreases by 18% compared to conventional blasting, ‘demonstrating
favorable damage control performance and crack-forming effectiveness\under water-bearing
conditions. The findings provide a useful reference for the design of présplitting blasting parameters
in complex hydrogeological environments.

Keywords: presplitting blasting; water-bearing borehole; SPH-FEM; »borehole spacing; deco
upling coefficient



