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Optimization of Charge Structural Parameters of Fan-Shaped Blasthole in Breaking Ore-Rock Caving Method and Its Application
QIN Guoyu', GONG Zhen', HE Jianyuan', ZHANG Ganggang', SU Dengfeng®, TAN Baohui*, LU Xu*
(1.Longshou Mine, Jinchuan Group Nickel and Cobalt Co., Ltd., Jinchang, Gansu 737100, China;

2.School of Environment and Resource, Southwest University of Science and Technology » Mianyang, Sichuan 621010, China)

Abstract: The blasting quality of fan-shaped blasthole has a significant effect on the application effect of non-pillar sublevel
caving method. In view of the problems such as serious damage of eyebrow line, uneven blasting fragmentation and large loss
and dilution when the non-pillar sublevel caving method was used in the west second mining area of Longshou Mine under the
condition of ore-rock breaking, ANSYS / LS-DYNA was used to optimize the charge structure parameters of the fan-shaped
blasthole. The results show that the blasting effect of fan-shaped blasthole can be effectively improved using W-type staggered
charge at orifice, hole bottom initiation and millisecond blasting in row. The optimized blasthole charge structure parameters
are applied to the field production practice. The ore recovery rate is increased by about 36 %, the ore dilution rate is reduced by
about 31%, the bulk rate is reduced by 52%, and the damage of the eyebrow line is also significantly reduced.

Key words: Breaking ore-rock, Non-pillar sublevel caving method, Fan-shaped borehole blasting, Charge structure,

Numerical simulation

PRIk L BIF 5 T RS A 23 BE AR 7% 1% e IR M AL B 2 B0

0 = - . NN
il= MR 1L 92 B 0 %t L 3R AT P Ak, 3 T 48 75 R

FI 20 {22 60 4R AQTT o, 1 M Bk 10 % ik
KGR AL 2 BO ¥ 157K o IR BT J7 4k 1 [l 5% T
L ETAT S A R E XUR S P AS BR AT
T Bl T S ALY i S IR TR R ) G A 2 B v 0
A A7 81 R R SC ik T 3R . AR S B ER T
WHR AR 1 4 55 B T M L 170 % 00 5 e 2 DDA DG

* YR B H:2024-07-06

JrE R ARCR BA AR R E A L.

TE TG B 73 B 7 125 bl T2 0 L 110 18 T 28 R B gk
WS B AR T T [ N Ah 2 25 0T B T R i 5 T
P AR 2EAEDT S S LU 8k 5 /N 2T
N ERETFE S 20T 1 B R M AL A5 I B X A 4 2K
TR R YRR, A R AL b L3R T R B A AL AR

HETIH UG BARR S FER ST H (2022NSFSC1089) 3 #5146 ¥ I 25 4 F) T H 5 5 &4 5050 % R GE 8 (GZSYS-KY-2021-

022) ; T R RHE R R ST H (212x7157)

EHEEN . ZEEAI79 B RSB A Bt S TR, EENET =S % 1 TA/E. E-mail: 814405947 @ qq.com
BSMESE R EWE1989—), B, I YT 1A 082, RN T TR H R WF9E T/E. E-mail: 472479993 @qq.com



ABE . F BT ERBE LRI ESEMARKAEL AR R R]].F LR L FAL,2025,45(6). 79

0 JOF0 11 A . A e A A AR i ) S i
ke 8 i 1A U] S O R 0 Ok S T R R
W JC AT 43 B 9 78 75 A B0 B3 B SR FL AR 1 2 8, OF
BAR T R0 0 &R, T8 S5 e 0 Dk AR
SRR 2 A T T RS R 43 B TR T R I B
14 JiE R B R 7 B 2 24 TR A | O e oA vy 46 ) L, 4 A
R A3 B v B L B TR] B R 2P B AR O 2
VA Bt T A L2 285 S0 I A5 SRR W R ST AL
Jo BRI SR A R 8 4 IR B R AR T K 2
FERTERME R B2, 2248 W 450 B X DO 1T 23 AR K
Wb PG 3 R SR TG JES AR 40 BE R V5 2 R0 I B
0L FLAS A 3 22 L 2 BRE R L A AR, 2 A R) L T
Ji& T AN R B e SR R e A T A B AL
JEHE KE 2 B RE Rl /MR R S S 8. 4 N 45
VR R L8 I T R R TS 5t R AR T
BT ANSYS/LS-DYNA 7387 7 A [6) 46 L £ 2
23 SRR BE B AL TR B X B A R SR B M S £ 1
SO TR RN B X e LR S B AT T RO
TR T I8, A T R . B A g
Xof R AL AR A 5 | 1 3 BB B0 8 6 >R T A BR T 40 B
A ANSYS/LS-DYNA 57 T 1 2 i JE o IR LA
R, T J& T AN ) Bt S 4 & 250 T 1) S e A ) R A
WG B 8 T g LR AT sl B M AL ) A R B
RS B BT R B R TE A R B R
f 25 A T I Ji B T 0 L KRR 8 2 B0 A F 52 i % T
R 25 25 A Il T 0 L A% 1 2 0000 F 590 A X 3¢
A ARSCUA A N R B0 08 R IX i1k R
AR 5 BRI AE B S AR 8 ] TR iR A
o3 B v I B0 JE SR IR RO R
B A R S5 1) 0 T I 5 R JH BSC(EL AR 0L 1Y) 7 3k X6 4

L B M L2 25 8 i 2 sk AT 1 LAk O 1 B 0T
J& T Tl ki .

1 ITREYE

T EH VR S AT, 8 T
RUM BT 5 0 A S IRR BN 2.4~7, THRIX
Ji R FH ACH B[] B A oMl ) T 1o 3 )25 a2 i =X e &5 7 3
IR AE 2019 A6 18 b Br ek oy SR I JE R AT 43 B
HAVE R, 1V R 2L 1 595 m.1 580 m,
1565 m Al 1546 m 34 AN WER B, 43 B i B 43 5
J918.5 m.15 m.15 m,19 m, #E&HEE N 15 m, fi
WA 2.2 m, AV MALHET B2 BIE, B A HE
T YA B 11 AL B FLELAR S 80 mm, R ¥
G40 Ligv hRL. BIEFRG T AR, ik
71 LA o 7E FR B M AL HE TR E DA ) 34 L & s
LM 1 m.3 m.6 m.8 m.6 m.8 m AR
L LA BE o DT FE L T35 07 5 B K T RS e 2, DA
R A B ) JE e I I IR R 8, I FL R 2 5 B 2
5 kg/m, FHESE AL 192 5 2 Ry 450 kg, HE ML AL
SR ) B 7 4 e L AR R A T AL T B (R AE S
A = b fE v JH RN B0 1 43" L R B R A
FRIED AP 5] R A R B AR A
[P R, Xt 7 2 1 TR AR 7 T AR I R

2 MEY EFHTRYILVEHBELNT R

21 HERBEHEI

T RO TR A S v T 0 R AR R Y A
8], AR YER A DT 58 SR JHME - EASERY , 537 1 Ky
g-cm-ps, BRI R SF 358 4 500 em X 3 750 cm X 3
cm, QN 1 iR,

FLR B —

(a) BETHEER

(b) BT HE IR 5
B1 ZRESRBAREZEBEILBHBETEER

Fig.1 Numerical calculation model of fan-patterned holes blasting for sublevel caving method without sill pillar



80 ok B R 5 A

2025,45(6)

T SN AT B B O BUE T R BRI
10 K 20 A P K49 it o G S gk i SR 2 A AR A
H e, b, 13RI R 25 9B MR IS A 0
JU YN 7 I R gl AT P R A B e I
BV FL 0 A7 B S 00 LR A7 M 0

WA 4 N1 A1 e o 0 0 SR DX i U SR 5 14 A
Kb BT BRSBTS R T HLOE
TN AT S B 15 B0 9 A B A Ry A5 78 T 32 T 4 25 Fof A
BIA RGBT [z FORZS T R L2 1

(1) ME2h . Je w78 — 2R DX v 1R 37 B T2 4

fLEBEBCRH 27 5 aKE2y . 2% Ck[16 1E 18],
R LS-DYNA #2 i 1) 55 8 FF 25 b1 k52 A KR A
T3 R ALUIE K 1N ) U A B ok R L KR 2 A e AR
EHEE S P AKX (D #7HEDY, & 2 50
HWF% 2,

P=A—

/

- wE
e B e Y

RV R,V

@)
AP E NN RER SV XA m? A B R, .
R, o NS IELRHEA RS EL

R1 MBEBEEXKEF

Table 1 Keywords for defining material models
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Table 2 Parameters of explosive and state equation
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Table 3 Physical and mechanical parameters of ore-rock
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Table 4 Air material model and the

parameters of state equation

B/ EOS_LINEAR_POLYNOMIAL
(kg/m*)  ¢C, C, C: C; C, Cs Cy V,
1.18 1.65 1.92 —0.96 X101 0.00 0.40 0.40 0.00 1.00

2.2 FLOFEHEMITBRWHROZm

A 5] 825 2598 32 08 o T J FL R R RS 0 245 0 A
AE T8 70 A1 B A% A FLHE )™ A 52 W) R T 52 WE A 8 A
Pupg s P TR DX VR TR R S L T i



ABE . F BT ERBE LRI ESEMARKAEL AR R R]].F LR L FAL,2025,45(6). 81

Ak R JE LM IR ) R Ry S M L T R SR 3
PR, N T R — [R) B, L R AL DA B R
AR 4 2 85 M E 20, 5 ok SO T 4L 1B
W ARl ke 2 25 AR T XL TR R 2 25 4 T X A
2 . 7R 2 haHE 11 ML NER A RSN
17 ~117 AL, o FL (67 FLO BETH K JE R 19.1 m,
17 ~57 J 117 ~67 JFL LA A O AL oA Bl 22 45 3Rk, %
TR N 7.7 m,10.6 m.11.1 m,15.2 m.16.9

(a) FLAKRERAREY

m, RS E R T AR R 2, e fLAL 1 TR
8 m KARZ), 17 ~57 K 117 ~67 JfLfL 0 A H 2y
KKK A 1 m.3 m.6 m.8 m.6 m; 4 HfLII“W”
WACH AL, O ALAL DR K EE R 3 m,
19 ~57 e 117 ~67 M ALAL O R 2 K R K N
1m.,3m.,8 m,1 m,10 m,

Kl 3 5 4 500 LA KA 540 “W”
WA SR B 5T W AR B S 0 ) R 2

(b) ILO “W” BREEH

2 BRBILHAREREGEN

Fig.2 Different charge structure of fan-patterned boreholes
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Fig.3 Distribution of bursting crack and stress time history curves for blasting without charge in large area hole openings
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Fig.4 Burst crack and stress time history curves for blasting with “W” type staggered charge in hole openings
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Fig.5 Distribution of bursting crack for initiation at different positions
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Fig.6 Cloud diagrams of explosion stress wave for delay blasting in hole row
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Fig.7 Distribution of bursting crack and stress time history curves for delay blasting in hole row
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Fig.8 Borehole charging structure of field blasting experiments
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Table 5 Charging structure parameters of 43rd

row boreholes in 87 drift
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Table 6 Charging structure parameters of 33rd

row boreholes in 97 drift

T FL JFLERBE /m K FE/m Rt W17l JFLIRE /m BAKFE/m g
W RPWE SRR RITRE ShEkE B W RIPWE SRR RINRE SRk B
1 7.7 7.7 6.7 6.5 3 1 7.7 6.5 6.7 5.5 3
2 10.6 10.6 8.6 7.6 3 2 10.6 10.0 8.6 7.0 3
3 11.1 11.0 3.1 3.0 3 3 11.1 11.1 3.1 3.0 3
4 15.2 14.0 14.2 13.0 1 4 15.2 13.0 14.2 12.0 1
5 16.8 16.0 6.9 6.0 1 5 16.8 16.0 6.9 6.0 1
6 19.1 19.1 16.1 16.1 1 6 19.1 19.0 16.1 16.0 1
7 16.8 16.0 6.9 6.0 1 7 16.8 16.8 6.9 6.8 1
8 15.2 14.0 14.2 13.0 1 8 15.2 15.0 14.2 14.0 1
9 11.1 11.0 3.1 3.0 3 9 11.1 10.5 3.1 3.0 3
10 10.6 10.0 8.6 7.0 3 10 10.6 10.0 8.6 7.0 3
11 7.7 7.0 6.7 6.0 3 11 7.7 7.7 6.7 6.0 3
it 141.9 136.4 95.1 87.2 — it 141.9 136.1 95.1 86.3 —
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Fig.9 Field effects of optimized blasting scheme
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