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The determination methodology for optimal stemming length of deep-hole
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Abstract: Deep borehole blasting of coal mine roadway roof is significant for roof cutting-based gob-side entry retaining
and hard roof pre-cracking. It not only needs to ensure roof cutting effect, but also ensures that no punching occurs and the
roadway surrounding rocks are stable after blasting. Therefore, it is crucial to determine the reasonable length of borehole

sealing. Given the lack of theoretical basis for the current coal mine roof blasting borehole sealing length, the borehole
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sealing parameters in projects involving hard roof cutting in some parts of China were first statistically analyzed, and
based on the sealing mechanism of the blasting boreholes and the force characteristics of the clogging material in the pro-
cess of blasting, it established a mathematical model of deep borehole blasting, and proposed a method of calculating the
sealing length based on the constraints of the blasting “no pushing out of borehole blockages”. In addition, based on Liv-
ingston’s blasting funnel theory and combined with the charging structure, the top plate deep borehole charging blasting
funnel model was established, and the borehole sealing length calculation method based on the “maximum internal blast-
ing effect” of explosives was obtained. The nonlinear dynamic analysis software LS-DYNA was used to analyze the ef-
fective stress distribution and crack development in the borehole surrounding rocks after blasting, and to determine the
reasonable distance between sealing body and the last section of explosives and the plug based on the “maximum energy
utilization of explosives”. According to the above research results, a three-way criterion for determination of optimal seal-
ing length of deep blasting boreholes for hard roof cutting in coal mines based on “no pushing out of borehole blockages”,
“maximum internal blasting effect” and “maximum energy utilization” is proposed. Taking the roof cutting of 22010
working face of Chaochuan coal mine as the engineering background, the optimal sealing length was calculated based on
the three-dimensional criterion for sealing length determination, and the degree of stability of the roadway top plate and
the reasonableness of the sealing length were analyzed based on numerical simulation with the effective stresses of the
rock units on the surface of the roadway top plate as the indexes, and the on-site experiments were also carried out. The
test results show that the sealing length calculated based on the present ternary criterion not only avoids pushing out of
borehole blockages, but also generates a slit surface from the borehole depth of 7 m to the bottom of the borehole through
the blast borehole, cutting off the target rock layer. The research results can offer a theoretical basis for determining the

optimal sealing length of the roof cutting and pressure relief blasting borehole in the coal mine roadway.
Key words: deep borehole blasting; borehole sealing length; roof cutting and pressure relief; blasting theory; sealing
parameters
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Table 1 Parameters of blasting boreholes for hard roof cutting
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Table 2 Parameters for calculating sealing length

YEZ (kg - m ) YEZRRH/(m - s ) 1 ) B

BEIER T (kg - m ™)

JEE S D B B LBERS I FE R [T /MPa

1200 4000 0.22

2000 0.38 1.8




2372 # % F (4 2025 4E45 50 %
9 —=—f=1.3
=5
2 FAKEZ
E z
~ ~
iy +. I
o 3
# /|
~
’ B
2 L
1 1 1 1 1 1 1 1 1 Q)
0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 = \
S 2 R, SN
B5 LR L, SHIm 2 2501, R T SV/ERN/R Y / T
. . . . RS0
Fig.5 Sealing borehole length vs. axial charge coefficient R —]
£ & & & BT FFUBHR

IR B FERR, e A BRI & Dy s S I AN 23 %
A IR A BRI ), m; O WKEZG i, kg; By, N A 7AR
TERE R B, m/kg'?, B, A it A0 R e 5 v iy — A
E{Eg

R TIRFLER B, KEZSTE W R 5008, N Reds
YEZS TR Ak A BRIE KEZY, PRI (10) AS3E TR LI,
o LW O DIls TR 4E 2 . BRIB MR IR S
FIETE WU SR B R 242l L, OERTIE, G SR8 fin 4 24 4
TEAE—J7 1) b, L, W dL, Y i Hy ) 2 |
o X (10) KR4y, nIfs

dL. = Eb(%ﬁln)gdx (11)
TR BERF LRI E TC PR A BB R b kAT, A —T7
A EESIEAE. WRFIEARIERK N (%

KEL AL, FFIEEH L

1
L= j ( )dx Eb(4_ ) Ll

3P 2
A AD) M (12) H, p, 0y 2 25 By - 3 3% 25 4
B,

Py, =40/ [nd*(L,+ L.)| (13)

SESLANE 6 s i S350, [ W ok d/ MR
25 R RN S F IR IR AE . B MR W oA

1
W = L,sin 6+ E(La + L.)sin 6 (14)

o Ly T UL “Be R N AR E A 0 d e

LK
MERBAE R

¥X (12), L (13). =X (14 1A, 15

PR T A RN TR, T 2 W > Le,

K6 GRALEBDNR A
Fig.6 Deep blasting borehole hopper model

1/3
Lc){ Ey(160) - 1} (15)

sin 0[3d2(L, + L)]'?

MG EKJFE LAL=24m. 0} 90°. d Jy 0.1 m i,
ALK EE L, 5548 0. NAERRRE E, MXLR
=X (16) iR, Zhl LK L, 53255 Q. WAE
RERBE, MR 7 i~ . IR 7 Al BHLK

B L, 53258 Q. NASRE RN E, BIE A 240 AR
HER AN E£,=0.16 I}, FEE 245 1 20 kg #9250 kg,
BEEFLKE L, 51 2.7 m B 7.9 m,

1
Py (La

L2>2

1
L, =33.74E,Q3 — 12 (16)
—=— £=0.14
12F - g-0.16
E,=0.18
10+ E,=0.20
£
3 8F
{2(
514
= of
'J_m
4+
2 -
1 1 1 1 1 1 1
20 25 30 35 40 45 50
R Qg

K7 BALKRE L, 532455 0 BICR
Fig.7 Relationship between hole length L, and charge O
3 BEGSRGELSERRKE

AR D G AR AR AR BN B
(9, B, AR A BRI SE R, 48 T i )



553

IR DA AT TR R LR BN FL I R BB T 75

2373

P LR BR i — 2P e . MIEER S s — B
YEZ IR K, 28 S B BB/ T84 10 BE
PL, A e o Ik A [ K 24 T A AR ) B,
AR 25 S IR AL B A58 ) B A SOl e oA R e,
M BB AN TE S, BER A FHROR AN . MIH A
Yl Ja—BE2y RN, AL s SRR
Ji, SRR A SRR R, R AN R, 4y
BT B . HA S SR AR, A ey
KRR VR I R K 2 e iR 5, B REBLOR e 2
T 3 R B v e, (B S 81 JHLA% 1o B ) S i S R
AR5 R BB SO0 3 FE A 5 A sty b 24 4 3L )
KIEIATHISE

Ve AE 261 30 12 0 T 844 LS-DYNA X AN [
J7 S IATEUEALRL, AN % W% 3. Bl fLIR
43100 cm, L4224 9.5 em, 1216 AFEA RN 1.36,
REEBES R EE R 2.2 m, KEZGBEHIBE 0.65 m, i id Bl 4F
e NENFLH KE LG BeBOR e s B L 2 it o AN AR
T I L BB A R 8 3000, 1 43 A N4 80 % T 1
O, W THEZY “BeRBE R AR R IRNEL 5%
FEVRAY ] G A B
3.1 HRBIEST

4 FE VRN KE 245 AN 35 R TR AR AR RO Bk, 4
B AE Ry O & L—FpociEte . MRS %G @ #ar
PR | JEAT ] B A s O X EE AR WEAT BT A% K1) 435
@ V&SR 25 Bl B4 B NS o k SCHF;
© 33538 LS-DYNA K fi#; D LS-PREPOST #r & 45 5.

SRMAEAN R ETCRFNR ., AR
TCATMTISE, TR A 20 B e A AT BRI RUH D, T AR
2R fu7 1] L b S B TORR A, HeR 2 B sh A gk
BIFENR o R T ASTHRUR RN 1L o2 0 R AR D) 1 i A PR
BRI Mk, 51T JER S A4, LIS
FEN I AR T AS 2 5

i
'y

R3 BEUFR
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Fig.8 Numerical model of scheme 1
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Table 4 Parameters of RHT rock model

o]

Wy B p (kg + m ) 2700 GRS HA 1.6
FLBUESAI T p/MPa 40 KA HEEN 0.6
LB R RN 4.0 JE4 R AR A KA G Berac 0.010 6
BIHATLER R 1.1 PR AR AR HE R BT 0.014
HugonintZ W=\ 2 414,/GPa 86.71 SRR F Eoc 3%x107°
HugonintZ 1zt Z$4,/GPa 145.67 SR B R Eqr 3x1076
HugonintZ WX % 4,/GPa 89.03 27 NS R e 3x10%
EOSZ i & $iB, 1.68 SRR AR E 3% 10%
EOSZ T A 5B, 1.68 WIASHD, 0.04
EOSZ Wiz 4 T)/GPa 86.71 WK SHD, 1
EOSZUiXAZHT, 0 JE45 IR S5 G o 0.4
BRI S/MPa 30 FrARE IR S 4L G s 0.7
FRHT AR S 0.1 B/ NS 5% A RS Epyg 0.012
AR TR R 0.38 TR ST BE S AR 1.6
Y G/GPa 24.2 BRARI 13 B AN 0.6
TR L 0.25 {RAMIBIE N A Epgp 2
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Table 5 Mechanical parameter values of emulsion explosive

W/ HRED/

4 . WJEP/GPa 4/GPa B/GPa R, R, o
kg-m”) (m-s)
1200 4000 7.4 2144 0812 42 09 033

EIEAREBE S SEPR TR BUAT A 10 A R 7Y
*MAT_SOIL_AND FOAM, HE41ZS%50 3% 6.

25 M RE R A *MAT NULL £ B, I fifi
*EOS_LINEAR POLYNOMIAL R 75 7 5 78 g i
R, A R ZE A A T (A Kb 3, i A 24 0 s <)
B AR, Ry T T A AR b AS U R 0 i et T AR [
TR Z 18] H A% 328, A4 5 TR 22 ] SR JH T 8 5 Bk,

748.1 748.1 748.1
I: 673.3 [ 673.3 I: 673.3

- 598.5 = 598.5 - 598.5

xo6 HECHNFSH

Table 6 Mechanical parameter values of sealing body

#IE/(kg + m ) N4 B YR H/GPa
2 000 0.29 22

KA *CONSTRAINED LAGRANGE IN SOLID,
SRAFITTE] ¢ PEE N 2 200 ps, 1EHHE S FEF, 45 40 ps
iy — R S SRS
3.2 BRHEShFLEIER BT

B 12 AR N~TR A TR 6. TR T 120,
520, 1280, 2 000 ps B YA 5 AL IR A S50 1 4
Ao HHIEL 12 AT 6 By 28 b 24 B Bl A h i
153 AT FEAAAIR], 1 T 5345 1 22 57 B AE B LB [
wh . KEZGRERIS, N1 25 s [ SME S,
SRR TE R ) DU SR Y. A 120 ps B, 6 RO SR HE

748.1 753.7 688.4
[ 673.3 [ 678.3 [ 619.6

= 598.5 - 602.9 = 550.8

523.7 « 523.7 o 523.7 « 5237 « 527.6 « 4819 o
=9 =% =9 =9 =9 =9
448.9 = 448.9 = 448.9 = 448.9 = 4522 2 413.1 2
2 R R < R 2
374.1 E 374.1 E 374.1 E 374.1 E 376.8 E( 344.2 E
299.3 & 299.3 & 299.3 & 299.3 301.5 R 2754 &
= Rl T fhu T =
224.4 2244 224.4 2244 226.1 206.5
149.6 149.6 149.6 149.6 150.7 137.7
74.8 74.8 74.8 74.8 75.4 68.8
-0 -0 -0 -0 -0 -0
ES! ED ViE %] EL! ES ES
(a) =120 ps
295.9 295.7 295.8 296.7
] 3 & 3 & 2 & 2 N 2 8
ded 266.3 & 266.1 (§ > 266.2 Gl dels) . Qe ) 267.0
B B & 2 K ' R L)
i{ g -236.7 <§ 2» - 236.6 <§ 3; -236.6 <)E 3; <){ }; ) <§ ;» - 2373
Wl 2070 o P 2070 o B 2070 & B i< Jx : - 2077 o
Jebi> < S 14 S 4 < (PP S
§ ¢ 1775 = il 1774 = Lot 1775 = |} Y ¢ w1 178.0 =
€2 el K R s R gy (D < =
3 147.9 B % & 147.9 > B 147.9 B 5 & > % > & 148.3 B
Jedb> 2 e i o 2 B> b h =
= = = =
B O 118.4 &R B € 1183 & B O 1183 & B € & K 118.7 &
€ g G O e AP & g <2 € o
>
b 887.7 b 887.1 b & 887.3 s i 3 it 38 890.1
59.2 59.1 59.2 LK 1 59.3
29.6 29.6 29.6 29.7
0 -0 -0 -0
ES %2 %3 %6
(b) =520 ps
360.9 361.9 367.4 3242
3248 325.7 I: 330.7 I: 291.8
- 288.7 - 289.5 - 294.0 - 259.4
2526 & 2533 g 2572 & 270 o
2165 & 217.1 2 2205 & 1945 &
2 R R R
180.4 E 180.9 g 183.7 E‘ 162.1 E
1443 & 144.8 & 147.0 & 129.7 &
fud w i phud
108.3 108.6 1102 972.7
722 724 73.5 64.8
36.1 36.2 36.7 324
N - O 0 - O 3 - 0 N - O
J7 %1 J7 %2 J7 %3 75 %6

(c) =1 280 pus
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Fig.12  Stress distribution during blasting of different cases
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Fig.14 Proportions of tensile cracks in borehole surrounding

rocks and distance between sealing body and the last section of

explosives of each numerical simulation cases
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© BALKRE Ly 685 Ly Ly PEKRI—A; @ e
BRI SELBERIEM M Ll AL, SELEKE L,
W LALALy < L, W Ly BNA PR EHFLK B 45 L+
LotLyg > L, W8 /2% 25 5, 430 RO 5 Op 8 1L
K,

5 Tikikie

51 VITUBEMSHALEILKERE

PISETRILEANE 16 17-22010 TAF i 3 XA TR AR
VIO T AT 5, % TAEHE R 4.5 m, )2
EFRBEE 10 m BRD A 0 ARSI A Rl AR T R
T PR, R X A SRR, ORI
AR F AR AR A THE AT L . /] 16 JBIR T2
TR AR A 2 A SR B B FLI O B . ALK
31 m, FH A% 95 mm, i ff 88°, IAJE 1.2 m., FFBcKEZY
KR 22 m, 4.4 kg(FE210 0.2 kg, 7B 22 %), 25
BLRIFE R 0.65 m, S kEZS SALICIEES ) 0.2 m, K
U2 5 15 SEARIAI R K 0.15 my, 3 ik kA8 2B A AL rh
FE 25 BUBOR SR B FL b e 2 i . B2 LI Ty it
T 35.2 kg(8 Bt 2h). 39.6 kg(9 BL2h) M Fh AR i i 1Y
B2 58, AR AR SCHE A LA B = e X B
BHFL R S A B 2 i T 0

1) HF “Be KRR 2R 0 R 2 S5 15 %€
URTET B B o ARl i SCOBIF 9 45 S A 2 15 1 S AR )
B E R 0.15 m.

2) BT R AR upfL” i B LK E . o
i T KE 25 % B py o 1 200 kg/m®, KE 25 4 3% D Ny
4 000 m/s; 3 FH L BE K YA Ry 35 FE R, i 2848 5K
CESIEATEHFL, M1 67 250 2 R 0.22, 34 FE AR
p1 N 2 000 kg/m®, 3% FEMAR -5 FLBE (1 FBE 35 77 UK £oA
0.38, BhFLEEXTEE FEMA Y B ECUF,, 4 1.8 MPa, R
B A% HIS e 2 O ONgE g b e P AR 2 AR
2.5 ff. KB H A HASHURC A (8) H, 15513
FARWG “AupAL” B L,

3) T HEZY RN E R i EL K
B, I AEfE R E, B 0.16 m/kg'?, % 35.2. 39.6 kg
PR 25 AR AR (15) b, BB T4 24 “Bo kR
ERVER” B L, Lk 7.

MR EHFLAC B = J0EN, 7% | R JE BHLK B
6.3 m, /NTFHF AT E LA (8.5 m), W R EK



2378 # £ E 4 2025 4F45 50 %
J5LFEE /m| wIE =
16.5 A
0.33 RS
40 b 4
00 000000 0le| 0000 000 0
10.8 0000 oo 'é"" oo
.o.o. .o.o. .o.o. ° :;.o.:o.o. .o.o. *E*ﬂ
00 000000 0|° 0000 000 0 F2]
L ) e o e o ° o 060 o o o
o0 000000 0 eo 00 000 o
[ ] L ) [ ) o o 00 o L}
0 0060 0 00 oo 0o 00 00 0 o
54
W s
0 TR |
4.5 Cieir
AT D e ————————————— e
49 | NVe0/——07——"———"—"7—""— "
I I I I I [
K16 MR A Z A SOt L B T
Fig.16 Strata distribution and blasting borehole location
RT BIMBREHILKAEHLSH
Table 7 Parameters of borehole charging and sealing lengths
THE EHLKE/M ke RABRMSKEM  RIARTEALKE/m Apfl” B /M BRI E N B /m
1 31 35.2 22.50 8.50 4.04 6.3
2 31 39.6 25.35 5.65 4.05 7.1

M4 2 ALK E N 7.0 m, KT HF 40T
LB (5.65 m), MU B3 2, HiE T % 1 1 35.2 kg
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5.2 HALKEHREIE
HR A AT SC T HE ST BB TR X 2 Fh oy Rk AT
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Fig.17 Locations of observation points
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