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Numerical Simulation of Small Hole Stemming under Blast Load

ZHANG Yan-jun® ,LEI Mei-rong” , ZHANG Dong-rang* ,GOU Jing-guo*
(a. Building and Surveying and Mapping Engineering College ;b. Mechanical and
Electrical Engineering College , Shanxi Datong University , Datong 037003 , China)

Abstract; Aiming at the problem that the blasting effect is not good due to poor or even no stemming of blast
holes in underground coal mine ,numerical simulation was used to analyze the mechanism of rock breaking and stem-
ming mechanism. A 3 m X3 m two-dimensional concrete model with blast hole diameter of 0. 04 m and hole depth of
Im was established using the finite element analysis software. In addition, the continuous emulsion explosive charge
was set as 0.3 kg, and the stemming material was set as sand. For the explosive simulation, concrete and sand were
modeled by Lagrange grid,and the air was modeled by Euler grid. ALE algorithm was used to simulate the explosion
stress nephogram and damage cloud maps with a single hole stemming length of 0 mm,200 mm and 400 mm respec-
tively under the blast load. The results show that the maximum stress around the hole with stemming is significantly
higher than that without stemming. Meanwhile,the damage degree around the hole with stemming is more severe with
smaller fragments than that without stemming. On the basis of analyzing the advantages and disadvantages of clay and
water stemming structures commonly used in underground mines,a stemming structure by expansion-pipe water injec-
tion was designed, which can replace the clay and water stemming structure in underground coal mine blasting as a
good field application.
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Fig. 1 Blasting model
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Fig. 2 Grid generation diagram
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Table 1 Parameters of emulsion explosive

VELHHE p/ JELGIRIE D/ BRIE P/ RACKEZGRRME RARKELIRRME  RAIEXEZY  SRAEMEZS FAEKEZY ffifr

(g-em™)  (m-s™") GPa  BHA/GPa  ZH{B/GPa  FMSHR, FMSHR, B¥E¥ o WHE E/GPa
1.03 4160 27 49.46 1.89 3.91 1.12 0.33 5.15
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& 2 CONC-35MPA #71158#
Table 2 CONC-35MPA material parameter

W/ (g - om ™) PURIRE/MPa PVBHERL/GPa HUHLSRIE (fi/fe)  HUBYSREE (f5/fe)
2.314 35 16.7 0.1 0.18

x3 =EBY
Table 3 Air parameters

Do = i3 = vy &b
SEEE p/ . SE IR NEE e/
oL Mgy 0 R
(g-cem™) (KJ-kg™)
1.225 1.4 2.068 x 105
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Fig. 3 Equivalent stress nephogram at different moments with a stemming length of 200 m
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Fig. 4 Equivalent stress nephogram at different moments with a stemming length of 400 m
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Fig. 5 Equivalent stress nephogram at different moments with a stemming length of 0
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(a) Damage cloud with
stemming length of 200 mm

(b) Damage cloud with
stemming length of 400 mm

(c) Damage cloud with
stemming length of 0
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Fig. 6 Damage cloud of concrete blocks with different stemming lengths
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Table 4 Comparison of stress peaks at different times

IR AT 220 B 7 ) W/ MPa
mm 0.04ms 0.12ms 0.8ms 1.08 ms 2 ms
400 503.3 226.0  78.98  75.59  62.89
200 503.3 226.0  97.29  80.23 75.70
0 503.3 155.3 61.42  57.54 76.58
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Fig. 7 Clay + water blasthole stemming structure
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injection stemming structure
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Fig. 9 The expansion pipe type water injection

blasthole stemming structure ( unit;mm)
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