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Optimization of Blasting Parameters for Fan-Shaped Medium-Length Holes in Filling Stope of Deep Iron Mines
Wang Ping' . Guan Cong', Cheng Aiping', Mei Linfang®, Huang Chunyuan®, Zhang Zenggui®
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Abstract: Aiming at the problems of roof over-excavation, roof failure and high block rate in the deep mining process of an iron
mine, taking the ore body between —360 m and —450 m level of the mine as the engineering background, the optimization of
blasting parameters for fan-shaped medium-length holes was carried out. Based on the mechanism of ore rock blasting
fragmentation and the theoretical formula of blasting parameters. the theoretical value range of each blasting parameter was
derived. Combined with the physical and mechanical properties of ore rock and the performance parameters of on-site
explosives, Ansys LS-DYNA numerical simulation software was used to construct a stope blasting model with different hole
bottom spacings, explosive unit consumption and resistance line combinations, and the effective stress distribution
characteristics of the mine roof were analyzed. The results show that when the hole bottom spacing is 1.4 m and the explosive
unit consumption is 2.09 kg/m*, the maximum effective stress of the monitoring grid in the room area is closest to the
maximum dynamic tensile strength of the rock, which can fully break the ore rock in the hole bottom area, and the maximum
effective stress of the roof monitoring grid does not reach the dynamic tensile strength, and the roof is stable. When the
minimum resistance line is 1.6 m, the average maximum effective stress of the monitoring grid near the free surface is 44,31

MPa, and the peak value of blasting vibration velocity in the roof area is 18.51 cm/s, which does not exceed the allowable
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standard of blasting vibration safety. Based on the optimized parameters (hole bottom spacing 1.4 m. explosive unit

consumption 2.09 kg/m®, minimum resistance line 1.6 m) . the field industrial test was carried out. The bulk rate is reduced

from 6% before optimization to 3%. The roof is well formed, the surface is flat, and there is no obvious crack and collapse.

The research results can provide reference for the optimization of fan-shaped medium-length hole blasting parameters in similar

deep filling stopes.

Key words: Filling stope, Fan-shaped medium-length hole blasting, Hole bottom spacing, Explosive unit consumption,

Minimum resistance line, Roof protection
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Fig.1 Fractured section of ore rock

(D FE2ynhali WeAE T B0 A e X

S LI K G SR KRR 0 S R 2B TR
PRI J7 547 D JRUR A T 58 30 K 2 DX A9 1 5 L
Pt L I T B S A PRI . AT A 24 X
AR 2 A i il i TR A T B A R s oK L 2% DX e
PRNBE . FEE L KIS — = X,
e A 7= A ) Pl T A M) TR B Y S SR AT A
B DX FELAS R — A R T 25 AR Y 3 .

(2) YELG LS AR T B85 RBRIX

FERT IV 3 5 9 s A6 R B X4k 6 1) Sh AR A% % BE
A7 YL TR A 18 R, IO T AN W R Rk T X AR 1Y
A TR RE B O R N I BE E 2R TR
R DX AN 5 ) B0 25 0 T 5 5 L 2 S BE L B
BrRE . BLER LT 04 BE A T AR {ELR AT fE i
HRADNE PRI . B LA — P
RE i B AE I — D 1 R B3 AR A RN AR T
RS ASPURL R LN R L YR TRk AR
WL T RS AE TR AR s B LR AR R
RE . X P S A RE A 25 f v O A B R DN ) i
B I 2 T HURE T DT 5 SRR 7 AR AR i A R
LI DX ™ A A DA R Ak T i DX I P Y A AR T g

T anyshaArhr o B, N5 R A 1Y 3 2 b ff
BEIR . 4B DX 38 P 14 g g 3 2 B RN R —
s e L PRl Ry JE 24 2B AR 1 9~16 A%,

(3) FMEHRENIX

K 245 72 4% 04 BT b 30 L A el RN R T I 0 A
T ENFIE B T K B S AR IX R
T T A o1 v T R e P AR SRS T ik L W R
G R S R R E FHAE R 5 N . SRR I R 22
B R fof A5 R 408 A L ) 7 A R LB B K S4B IX L A
T3 {58 5 5T 22 B 8 0l AR R
22 MEXMEBRITE

Jid T v R L A SR FH AL AR 2, L4 2 X8
AR R L AR T R U ) B A i W (1 B4
KA RN F Ok A A R (D .
8Py 01C,
Y etz /P
X P AR T A 0 oh i B 00 4R K S MPas P
NEL R ETETT MPas o, o0 43 5 0 KE 25 % i g™
R kg/m’ s CONET A I m/ sy NEEZG Y
4 AR EL .

Y2 5 7 A 0 o o Dl 1 R 40 R B X 4k 8 )
G AL AR | B 5 A5 18 0 R 3G K, I8 77 I 7E R 87 b
FEUR . N AR A AN R B AR 1) R ) g

TIREA .
o =P, [r) 2)
'y

oy=— fo. (3)
Ko, HAEMB T MPasr, AIFE S E] 25 d0
MIFEE s msr, ALY msa HEMET S
14 A% 36 5 DL B30, AR A R F 58, i B IX e =2+
i/ oy =1 W WK a =2 =1 /Cpy — D sy =
0.8z s pr NERTANS LG o1 AR 500 U [0]
N7 MPas f I RS RE f=p /(D —p)
HR A5 0 55 R H e 10 X 2 1) o e F 5 R L
FAEE— BRI A BN ) o, B RIRE, () .
o,=o. fPHfH1—2p, (1— )] (4)
H Mises Ji i #E W00 AT 240, 76 8 0 XN B9 87 5 4n
WL 0. =0 W E W BIE, Hh o NI &
P APUERE . B2 (D A2 (4, I H
A B A 1] B ) R T8 T 0 A 1Y 3h 28 P K 5
JEE 0 AT A B A S iR T DR AR R

PyB,\""
R]Zrb (5)

P,

Q)

«/go'cd



56 F R s F A 2026,46(5)
itEF"BgZZJ2[f2+1_(/11_#%)(1_f)zjl/zo Iﬁ?i+%:/4\\ﬁy_ll_»ﬁ(9)'
[ ST, BB I N A AR 6 =0 W
BVA% 16 137 9 T2 T 35 1 30 25 B0 B 98 1 L 0] T 4K Wa=kdy [~ i (9

15 55 B TR R AL B LR il 2B IX P AR R A 5
R.=R,(cq/c.)"* (6)

Ko W H SIS h o B, MPa, XA G

SR AT AR X LR R R 0.15 m, B 7 AR

MR AR IX R R, 4 0.8 m,

2.3 RBBRWSEARIEIT

PLAR 3 B T v R LR 3 T0URR Sk A% 0 5 ] B A £
K WA 5 BE B 78 43 B L i T AT AR 25 4 R
247 5 0 WL 3R 28 56 A S LV P R 24 B
FEVO L R BT LM S8 I 25 S 80 45 &
WA P AR R A Ansys LSS DYNA A 3 AL
FRRERRL AR SBT3 51 g r FLIR R
VE 245 BARE I i /NPT 2R AR A
2.3.1 fLIEHEBIIIIT %

R AH € (0 13 8 L3S 0 A PRI A SRERT T
FLRBR I — 208 R, AR =X (7 i FL R BT
(IER{ERGEP

R,<<a<{2R,
A .a HFLEHE,m,

7% 3037 5% 1 L DO AR 15 LR B IXC T {1 Ry
1.3~1.6 m, &0 0.1 m FE7 — LIS FE A (B AR A,
Bt 1.3 m.1.4 m.1.5 m.1.6 m 3t 4 AR HE.

2.3.2  MEZh HFERLIT

D

YELGRFE T i T U E
q:%:piwaé% . (8

g RARMEL AL  kg/m’ s r RIRMAL L2, m;
Lo R AL 2 B s mym Ron B8 R8I 0.8~
1.2;S R BB EIHAH , m*,

W S BR AR A (8) AR E] ¢ b 2.07~2.13
kg/m’ . ASCEITHIEALAIEZG BRFE N 2.13 kg/m’ |
2.11 kg/m’,2.09 kg/m*,2.07 kg/m’ 3t 4 4] #f 5%
ES
2.3.3  IRPUEBIRITE

AR Al U B 2 M 2 Bt S TR AL Y SR/ N IR P 263

AWy WIPTL  msk W IEREL — MR 1.05~
L155d, A PRI FLE R  ms L M FL2% 25 R AL,
B 0.8 MH T MALIRE, B 8~13 m; H MNH"
P oy B FE 15 m,

B LR B ARA X O T EER W,oR
1.5~2.0 m, A%t 1.6 m.1.8 m.2.0 m 3t 3 F
S ARZ T ST

3 RFpBEBAERM KBS EH T

T EEAM S

P A 20 1 A A BRI R R 2 4 4 T ML B T
G R B K 2 2 7 A ok DB LN D DRI A SR 3
Fifig it , Z R BE S L RAE T 07 5 S 7= A R X
BRI ER S X . B BRI Z SRS R
UL A i 1 T o R 7 A A R 7 L AT S OB R
AR 7 LA A 1 i S R}, i A ) g B g 2
ZHE 1.

R MHKTEGEMENZSH
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Table 2 Mechanical parameters of MAT-RHT model of ore rock
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Fig.3 Effective stress distribution at each time step with a hole bottom spacing of 1.4 m
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Fig.4 Effective stress time history curves of each monitoring grid under different hole bottom spacings
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Table 5§ Maximum effective stress of each monitoring
grid under different hole bottom spacings
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Fig.5 Numerical model of explosive unit

consumption and monitoring grid layout
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Fig.7 Effective stress time history curves under different explosive unit consumptions of each monitoring grid
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Table 6 Maximum effective stress of each monitoring

grid under different explosive unit consumptions

HE25 R/ B KA BN T3/ MPa
(kg e m™3) G H 1 J K L SE

2.13 54.37 56.33 53.79 54.86 56.56 54.90 54.98
2.11 46.56 48.69 47.27 46.43 47.90 48.43 47.55
2.09 38.91 38.28 37.60 38.74 39.07 37.82 38.40
2.07 33.45 33.33 30.77 31.79 32.33 30.86 32.09

HH 2% 6 A1, BB KE 245 SRR I 1, rh BRL AR 1
Xof SR 2 DX TR 19 e KA 800, T3 RSB G K, 4 4E 24
PAKE N 2.13 kg/m® Fl 2.11 kg/m® B, W I R 4% 14
SRR RN T ¥ 2 TR BT A Y Bl A R R B
TOURR A W I8 B KU, 7 RN AT R, Y AEZ AR R

2.09 kg/m® #12.07 kg/m?* B, W5 0] X ¥ 1 B A 3500
N KRB E B A BURL R EE 42,58 MPa, 3R
4 X TR N 1 2 B o A % B, 2 0 2 B
FEH 2.07 kg/m® BF 8 LI XA K205 R #
FEAWERE LA 0.4 mo = BE I A RN R Bk B
ABPCPIsmEE ., ML EFEN 2.09 kg/m’ B, FLIE
XIALA 0.1 m @& B A R, 255 % 08,
HEHL 2.09 kg/m® by fc {4 245 S RE
4.3 w/NMEM&ERWK
4.3.1  HRHUL AR Y ST

F T AL BE RIE 245 AR AR AL T 19 S8, i —
PP R A A A, FLIRIEEL 1.4 m, FEZG HLAE
B 2.09 kg/m?®, $4 BEERIS 2 33K B /MR T 2
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Fig.9 Monitoring grid layout of resistance line model
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Table 7 Maximum effective stress of each monitoring

grid under different resistance lines

) e KA BN S/ MPa
P L /m
M N o) P T
1.6 16.72 43.01 42.99 44.54 44.31
1.8 36.53 36.42 37.57 37.50 37.01
2.0 29.57 31.72 30.51 32.65 31.11
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Fig.12 Blasting vibration velocity time history curves of monitoring grid inside the roof under different resistance lines
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Table 8 Blasting parameters of industrial test

s/ FLW/  FLIREE/ KEZ5Hfe/

/MK HE

L= ) m m (kg * em™3) $14/m  Bjl
1 50 8.6 1.4 2.09 1.6 5
2 57 10.6 1.4 2.09 1.6 5
3 63 12.5 1.4 2.09 1.6 5
4 68 12.0 1.4 2.09 1.6 3
5 74 11.5 1.4 2.09 1.6 3
6 80 11.2 1.4 2.09 1.6 1
7 86 11.1 1.4 2.09 1.6 1
8 86 11.1 1.4 2.09 1.6 1
9 80 11.2 1.4 2.09 1.6 1
10 74 11.5 1.4 2.09 1.6 3
11 68 12.0 1.4 2.09 1.6 3
12 63 12.5 1.4 2.09 1.6 5
13 57 10.6 1.4 2.09 1.6 5
14 50 8.6 1.4 2.09 1.6 5
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AT 6 20 BEAR 2 304 5 [m) A, THUB B R 280 2R R4, 36
TR A~ To T Y B AN R B G, SE B E R 4

LTk, R ALRI N 1.4 m JE25 AN
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Fig.13 Blasting effect of field indstrial test
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