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Study of Influence of Stemming Length on Blasting Effect

GUO Dong-ming ,LAN Fan-ge ,ZHANG Wei ,ZHU Ruo-fan ,YE Gui-chuan ,ZHAO Zhi-feng
(School of Mechanics and Civil Engineering , China University of
Mining and Technology-Beijing , Beijing 100083 , China)

Abstract: In the field of blasting work , stemming has a significant impact on the effectiveness and safety of blas-
ting operations. To improve the blasting effect and reduce blasting costs, it is essential to determine the optimal length
of stemming. This study uses a combination of explosion wave theory, theoretical mechanics,and LS-DYNA numerical
simulation to analyze the impact of stemming length on blasting effect, which is then validated through field experi-
ments. The study results indicate that when the blast hole depth is between 0.6 m and 1.4 m,the optimal stemming
ratio is between 0. 38 and 0. 54 ,and with an increase in blast hole depth,the optimal ratio decreases. When the blast
hole depth is between 1.6 m and 2.4 m,the optimal stemming ratio is between 0. 36 and 0. 38. If the blast hole
depth exceeds 1.2 m,and the stemming length equals or exceeds half of the blast hole depth,a detrimental effect may
occur. The radial uncoupling coefficient R exerts a significant effect on the optimal stemming length. When R is less

than or equal to 1.8 ,the optimal stemming length decreases with an increase in R. However,when R is greater than
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1. 8,the optimal stemming length remains unchanged. Additionally, field experiments were conducted at the Wangcun

Coal Mine Limited Liability Company 8107 return airway, including tests on 1.2 m and 2.2 m cut holes and a 2.0 m

auxiliary hole. The optimal stemming lengths were found to be 50 cm,90 c¢m,and 80 cm, respectively, which aligns

with the results of theoretical calculation and numerical simulation.
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Table 1 Parameters of emulsion explosives

W/ (g om ) M/ (em - ps) A

B R, R, w E,/GPa

1.0 0.32 214

0.18 4.15 0.95 0.15 4.12
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Table 2 Mechanical parameters of stemming

W/ (g - em™?) oA/ MPa

i A 55 S5/ MPa

H{EL/N =R f N

1.9 35.38

0.4 0.05 0.15
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Table 3 Physical and mechanical parameters of rock

W/ (g em’)  BIYIELE/GPa

5Hf5/ GPa

PUSRIE/ MPa. [ i 25 % A N

2.57 19.6 5.12

91.4 0.3 1.6 0.61
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Fig. 2 Equivalent stress evolution of single hole
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Fig. 3 Equivalent stress evolution of wedge holes
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Table 4 Optimal stemming length and stemming ratio

fm e K, K
0.6 30 ~35 0.500 0.583 0.542
0.8 35 ~40 0.438 0.500 0.469
1.0 35 ~45 0.350 0.450 0.400
1.2 40 ~50 0.330 0.417 0.373
1.4 45 ~55 0.321 0.393 0.357
1.6 55 ~60 0.344 0.375 0.359
1.8 60 ~70 0.333 0.389 0.361
2.0 70 ~75 0.35 0.375 0.363
2.2 75 ~85 0.341 0.386 0.363
2.4 85 ~90 0.354 0.375 0.365
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Table 5 Optimal stemming length and decoupling coefficients

R %,/ cm K, %),/ em K ,
1.000 84 0.420 53 0.442
1.200 71 0.385 51 0.425
1.310 73 0.365 46 0.383
1.680 70 0.350 43 0.358
2.100 68 0.340 42 0.350
2.625 64 0.320 39 0.325

0.46
s —a— result of simulation
5 0.42 — fittingcurve
%
K
S
3 0.38
3
5
N
© 0.34 asymptote=0.33

<<

1.0 1.4 1.8 2.2 2.6
The radial decoupling coefficient
(a) 1.2 mFLIE
(a) 1.2 m depth hole

12

I B N WA
The peak tensile stress of point B

TS BRI AL ME 12, 1.2 m H
2.0 m FLIRAYREAR AR A —B, fE R=1~1.8
I, K #RBEH R HGE TR, fE R=1.8 ZJ5 FREEE
Gz, e Je HR AU T R] — i R T R BLRY
E R PR A SR WA J AL RS TR 7080/, 78
PRAEARTR] BB I 18], AR B S RO T 3
FERFE RIS . 2R B, KRS RE AL I AR
ThE , 2= URE R FE R LR R AR %
HLER I T AR 0 A& R RO TR AEE JE L R
A —RERIEZIE RS R AR 1 ~ 1.8 [ N AR et
BHL H AR 3T 20% .

0.42F
o —s— result of simulation
5 — fittingcurve
~
5 0391
8
S
V
>
< 036}
£
S
S 033} asymptote=0.327
~
1.0 1.4 1.8 2.2 2.6
The radial decoupling coefficient
(b) 2.0 mFLIE

(b) 2.0 m depth hole

AN FLIAZE LU AR [ A 2R B0 A2 AL

Fig. 12 Variation of optimal stemming ratio with radial decoupling coefficient

3 IRy

J [ E AR 8107 TH AR DL 8 Ak
UL AL . I R P R R
1.2 m B ARFREAL 2.2 m BB AEAEFLIL . 2.0 m 4

BhlRanfEl 13,

ML EAE 42 mm, 250 B AR 35 mm, JE 2 FlE
RIS HOh S g = MAs sk 1.2 .3, 8107 Ti
(] JXES R T D 25 N 6



114 WO 2023 4E9 H
§l 8 200
P ) 2‘# ' .°n| I \
550
2 t—j
-°1 131 15° 20° / \ %
1 2 O g \ 8
) 0013 16 19 5 &
o5 b 600
3P 3@ 3P 10° o3° > &_
= 100 4200
N
B 13 MfLAR E R (PR :mm)

Fig. 13

3 6 8107 T EI BB R A &4
Table 6 Original blasting conditions

of 8107 ventilation passage

layout of hole( unit; mm)

7T BERKEERITESENER
Table 7 Theoretical calculation and modeling

results of stemming length

BIWT/ M2 i B MR A A% JEIRPL

m’ kg w/m X0 WE/m
10.5 23.4 0.3 3~8 2
3.1 BEKEITE
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PR A AR AEANIR], S B T B N US4 5
Fl R R SIAR T,

PSS (ELAIRADLE 22 57 45 il £ 10% 1A, ol AR

SRAERE G BZ R K

NS L -L,)/L
L/m {E L,/cm {H L,/ cm (L 2) /Ly
1.2 55.4 50 0.097
2.2 93.6 85 0.092
2.0 82.1 75 0.086
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Table 8 Schemes of blasting stemming
WIETTFR/ em
3/\/ Hj:e‘ 2. —u—/
FLE/m K /m 5 3 , ; p
1.2 0.3 50 60 70 80 90 90
2.0 0.6 60 70 90 110 130 140
2.2 0.6 70 80 100 120 140 160

MRYEF 8 BUE MR IT ST I ALI% 2E, A TR
SRIETT SRR IR 9 PR

x99 BEARNEWHR
Table 9 Blasting effect of schemes

W& Al KEZMEES SHIEHR A A
TR B G 2

1 0.84 1.330 1.68 17.6

2 0.89 1.251 1.78 18.7

3 0.88 1.265 1.76 18.5

4 0.86 1.293 1.72 18.1

5 0.83 1.345 1.66 17.4

6 0.80 1.393 1.60 16.8
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