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Study on Surrounding Rock Damage in Roadway
Smooth Blasting Using S-ALE Algorithm

HUANG Yong-hui' , JING Rui' ,ZHANG Yi-yin' ,DUAN Qiang-kun' ,CAO Yong-wei’
(1. School of Electric Power Engineering, Kunming University of Technology , Kunming 650500, China;
2. Sichuan Emergency Rescue Department, Chengdu 610000, China)

Abstract; Isolated boulders in roadways present substantial safety risks in mining operations. This research in-
vestigates the efficacy of blasting techniques for isolated boulder removal and their influence on adjacent rock dam-
age, utilizing smooth blasting principles and the innovative S-ALE computational method. A precisely scaled 3D nu-
merical model was developed based on a roadway project in a Yunnan underground metal mine to comprehensively
examine how surrounding rock damage varies with different linear charge densities and borehole spacing configura-
tions during smooth blasting of isolated boulders. The results indicate that: (1) surrounding rock damage follows an
“inverse S-shaped” attenuation pattern with increasing distance from the blast center; (2) maximum damage depth

demonstrates linear growth with higher linear charge density but shows fluctuating behavior with borehole spacing var-
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iations , peaking at 0.36 m and reaching minimum at 0. 40 m spacing; (3 ) rock damage exhibits substantially greater

sensitivity to linear change density adjustments compared to borehole spacing modifications. The optimal parameters

balancing blasting efficiency and explosive consumption are determined to be a linear charge density of 0. 30 kg/m

(decoupling coefficient 1.43) and a borehole spacing of 0.40 m. The extensive free surface of isolated boulders re-

sults in a significantly shallower maximum damage depth than with conventional smooth blasting, consistent with ob-

served reductions in plastic strain both perpendicular to and along the tunnel contour toward the free face. These re-

sults offer practical technical references for field applications.
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Table 1 Mechanical parameters of rock foundation
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Table 2 Explosive material parameter

X (SR A fH X (SRcZE A H
Meaning Symbols/ unit Value Meaning Symbols/ unit Value
P2 45
b SXH_':jj P/(kg+m™) 1150 j‘T*I # R, 4.16
Detonation pressure Equation parameters
J 1‘5‘% iEd =1 %%
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V2R & nE
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Equation parameters Specific internal energy
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Table 4 Curve fitting parameters

i LR 2
Hole spacing/m  Linear density/ (kg + m™") “ " " b k
0.20 .98 -10.50 164. 68 0.064 0.99
0.25 .08 -7.82 124. 67 0.056 0.99
0.40 0.30 .16 -7.52 109.31 0.050 0.99
0.35 11 -7.20 101.39 0.053 0.99
0.40 .23 -8.19 112.46 0.057 0.99
0.28 .12 -7.25 80.94 -0.013 0.99
0.32 .12 -8.19 83.55 0.006 0.99
0.36 0.40 .94 -9.40 101.61 0.078 0.99
0.40 .04 -9.17 119.31 0.069 0.99
0.44 .25 -4.75 58.20 0.033 0.99
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