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Abstract: Vertical deep hole underground blasting operations exhibit significant sensitivity to stemming length
due to constrained free surface and singular energy release pathways,with this parameter critically influencing both
explosive energy efficiency and fragmentation characteristics. This study investigates the impact of stemming length on
vertical deep-hole blasting through theoretical analysis, scaled experiments, LS-DYNA simulations, and field valida-
tion, with theoretical results indicating that optimal stress-wave preservation occurs at a 5 cm stemming length when

using a 5 cm burden distance. The experimental study employed concrete specimens with a constant burden distance
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of 5 cm and tested four distinct stemming configurations:0 ¢cm,2 ¢m,4 cm,and 5 cm. The results show that both the

blasting crater radius and ejecta mass initially increased,then plateaued as the stemming length increased,achieving

optimal performance at Sem with a crater diameter of 7.9 c¢m,an ejecta mass of 207.96 g,and the most uniform frag-

mentation distribution. Field trials employing a 1.0 m stemming length after similarity ratio conversion demonstrated

uniform fragmentation without cratering effects, thereby validating the 5 e¢m optimal length determination. These find-

ings establish both theoretical foundations and practical guidelines for enhancing vertical deep-hole blasting perform-

ance in underground operations.
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Fig. 3 Schematic diagram of the model test and its muckpile
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Table 1 Data of the model test blasting funnel

45 Number 2 3 4
=N 78 3
{}ﬁ%%{lr(ﬁj{ﬁio) 3.7+0.10 4.9+0.12 6.7+0.20 7.9+£0.25
Funnel radius r/cm(mean + o)
“!! 3 E Vv
hi<H1E 3 106. 09 246.4 629.92 1032.62
Funnel volume V/cm
DA HE T (10 £ o)
The mass of the reactor explosion/g 45.12 2.5 102.34 +3.1  168.77 £4.2  207.96 £5.0
was measured ( mean + g )
ERVE = Rt PR
iﬁ* wE E_i;i b 0.425 0.415 0.268 0.201
Bulk density/(g + cm ™) = mass/volume
D10/mm 7 10 12
D50/mm 32 26 20
D80/ mm 95 78 60
S ERB N = DBO/DIO 13.6 7.8 5

The uniformity coefficient N = D80/D10
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Table 2 Detonation mass and maximum block

size under different blockage lengths

- IRIERK R KRB
%> ;
Blockage Detonation Maximum block
Number .
length/cm mass/g size/mm

1 0 46. 66 29

2 2 90.28 38

3 4 153.99 36

4 5 207.96 41
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0 ~4 cm 5§) , B RVE IS REATR BT 4R 50— i M)
2% ( >80 mm,80 ~40 mm, 40 ~ 20 mm, 20 ~
10 mm 10 ~5 mm, <5 mm) i 43, 0 % 5 245 0 9
Bk, B2 m R R ES R D, Dy Dy, , I
PHEZZ R ER (3% > 50 mm BIE) . 456
Won =3 EEIHREME £ brifE2e . SLEATRINE
3 frn.
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Table 3 Layered screening inside the model specimen

P IEY7 SRR D,/ Dy,/ Dyy/ KHEK >50 mm
Sample Layer Layer mass/g mm mm mm Big rate >50 mm/%
)2 (0 ~3 cm) Surface(0 ~3 c¢m) 18.00 60 140 55.0
1 F1JZ(3 ~6 cm)Middle(3 ~6 cm) 15.00 4 35 110 30.0
JRJZ(6 ~9 c¢m) Bottom(6 ~9 cm) 12.12 25 90 19.0
it 40084
— 45.12 — — ~34.
Total 1 > 40( Overall ) 34.8
)2 (0 ~3 cm) Surface(0 ~3 cm) 42.00 10 50 130 40.0
2 F1Z(3 ~6 cm)Middle(3 ~6 cm) 35.00 6 30 100 18.0
JRJZ(6 ~9 c¢m) Bottom(6 ~9 cm) 25.34 4 16 70 7.5
2 it 32(%4k)
— 102.34 — — ~18.5
Total 2 32( Overall )
FJ2(0 ~3 cm) Surface(0 ~3 c¢m) 70.00 15 38 95 15.0
3 FJZ(3 ~6 ¢cm)Middle(3 ~6 cm) 55.00 8 28 80 6.0
JEJZ(6 ~9 cm) Bottom(6 ~9 cm) 43.77 6 20 60 3.5
3 Bt 26 (HE{R)
— 168.77 — — =~6.2
Total 3 26 ( Overall )
22 (0 ~3 cm) Surface(0 ~3 c¢m) 80.00 20 30 70 5.0
4 H2(3 ~6 ¢cm)Middle(3 ~6 cm) 70.00 9 18 50 1.0
JEEJZ(6 ~9 cm) Bottom(6 ~9 cm) 57.96 12 40 0.0
4 gt 20(REFK)
— 207.96 — — =0.0
Total 4 20( Overall )
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Fig. 4 Schematic iagram of the quarter model
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Table 4 Calculation parameters of the RHT material model of the test block

f./GPa a po/(g+em™) A/GPa  A,/GPa  A,/GPa B. B, T,/GPa
20.5 1.0 2151 35.27E9  39.58E9  9.04E9  0.049 0.049  18.85E9
T,/GPa  G/GPa P,/GP & & & & D, B
0.0 5.25 6. 836 3.0E-5 3.0E-6 3.0E25  3.0E25 1.0 0. 0105
g N Qo I A ny I g 4
0.70 0.156 0. 6805 0.18 1. 60 0.61 0.1 0.53 0
Do A & D, n B, B,
6E9 1.28 0. 058 0.01 3 1.22 1.22
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RO ET BULK Ay A, A, PC VCR REF EPS,
1800 1. 6E7 1.3E12 3.3E8 13100 1.2E10 0.0 0.0 0.0 0. 05
EPS, EPS, EPS, EPS, EPS, EPS, EPS, EPS,, P, P,
0. 09 0.11 0.15 0.19 0.21 0.22 0.25 0.3 0.0 3.4E9
P3 P4 PS P6 P7 PS P9 P]O
4.53E9 6. 76E9 1.27E9  2.08E10 2.71E10 3.92E10 5.66E10 1.23E11
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Fig. 6 Shows the damage model diagram of the

blasting funnel under different blockage lengths
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