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Study on Optimization of Blasting Parameters for
Burn Cut with Multiple Relief Holes
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Abstract: To address critical technical challenges in the — 450 m level middle roadway blasting of an iron
mine , including excessive blasthole quantities, difficulties in enhancing advance per blast cycle,and low blasthole uti-
lization efficiency, this study proposes and develops an optimized multi-blasthole burn cut blasting design. The pro-
posed scheme aims to improve roadway excavation footage by simultaneously reducing the number of required blast-
holes and enhancing cut-blasting performance. Firstly, theoretical calculations were performed utilizing rock fragmen-

tation range theory,rock breakage expansion space effects,and relief hole concentration effects, establishing a prelim-
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inary center-to-center distance of 24.4 cm between the central cutting hole and relief hole. Subsequently, a numerical

model for multi-hole cut blasting was developed using ANSYS/LS-DYNA. Through comparative analysis of stress

contours, damage distribution patterns, and fragmentation characteristics under various hole-spacing and relief-hole

configurations , the optimal parameters for the relief-hole cutting scheme were determined as follows:25 cm spacing

between central cutting holes and relief holes,with 5 relief holes. Field trials conducted with these theoretically and

numerically optimized parameters demonstrated significant improvements , achieving an average advance of 2. 3 m per

blast cycle and increasing blasthole utilization to 92%. Compared to the original blasting design, the optimized

scheme demonstrates measurable improvements:a 0.2 m advance per blast cycle,a 10% reduction in required blast-

holes ,and an 8% improvement in hole utilization efficiency, collectively resulting in significant tunneling productivity

gains. These findings validate the scientific rationale and practical viability of the multi-hole burn-cut blasting optimi-

zation approach , establishing both a theoretical framework and operational guidelines for refining blasting parameters

in comparable iron mine roadway development projects.

Key words:

FEML T TR, R 2 s T R A
FEPRE LR A 2 A R 1) S BT, LA sl R 3t
PRIERCR S TR BT P PR RE A SR L
WL EE A SR S B AL A LR R
8 R Mz [0, A D 5 At L ) e AR, 1
T 4035 A P A T 5 PR R, e S 0 v 55 o )
B AR ) o, BHR R R PR A LA
F 5 ME AT PO R SRR, TESCPR TR Y
5Tz o s fLA SR 5 07 B AR A B AR P )
KSR, HEsE M i AMEas R 5 A hE rIEE,
XoF VRS W SR A PR 50O B e A I AR R
B JEHEEN

H T EI RS, R EE S AL A
R SRR AR T T — R 5T . R T8 5T
2z fLAERR YT 3 T A P & B Zs FLRE A 4 TP B
JIo AR AR S 2 fL e £k b RN ) 4 v LS
PUE B0 . 280 A e s 2 FLR LA A R R &
SOHURIIE T F 2% L AORE 5 A8 R R AT T ket ik
PR JE BORE R 8 T T 5 2 FL AR 51 G Ry 7 4R
S A 6 R A R b 1% s FLVE R T
WF9E B, 25 FLat gk 7 A 10 A B v | o A
235 (8] = RN HE T+ A 0%, FLER AR SRS 80y
JRAESCHE R . iR S 25 5 R B T S5 8UE
B4 & BT 9T T B R AR T 1 I &
T AR A B AR B — = W 7 06 X6 25 FL B 1Y)
SR, LR R b K A L T AR R i A TR
B T E SIS S

VLA, Bl 25 1% 7 B2 MU KT (4 3 S5 4
BB A Y e % J , LA ANSYS/LS-DYNA Jy 4%
F A B R TR AR A A AL B 2 BRI T A 5K
T ARSI B RS . 3R T S5 am 1 T B AL
(RIS K B S bt H ol v m] o i 15 P AL

roadway excavation; burn cut blasting; numerical simulation; parameter optimization

T3 IR 24 B A B v S A R g o R A
il ANSYS/LS-DYNA BIF A [F) 41 FL E A% e 25 4L
g LI X PR R A R S i g R Y
FLEE AR NG, 25 FL B AR, 23 L] Rl B9 B B rh Ak
DRGNS 383 € U8 SO S O A S B UR S KIE
WF5 2 FLIRI B S L AR PR PR 8 R ) B & 3
H T W e ARt L TR] A R e e, HL2 31
SR B IE, LA R ] Ay ) % 1S Y AR B )N o T
MR SR S IAS %

PA B 2E B AT TR 5 25 L B IR SR S i iy AIF 5 3
Mrad fe e, o0 MRS 122 ML BRI AL
W5 B IR 2 22 A5 T T ST, B 12
FHOR 2 RAET AL EAR A LA 2 fL B
S ZHGE I 3BT, BT B s £ B IR A Y £L )
Al AT £L 7 205 A LR 2R GERT He P TR 2
AT FEAS R TRAL , A1 DG R A LA 4207 7 48 = T AR 51
B AR T i A R S BT

AR FEET R —450 m /K- BE 6 48 0F
VAl LA B i i 22 AR B 2E JUE LA S T I
FLAFH 3 Qi (0 25 10 A, Sl iod PR 4 5 0 i MR 6
B PRI f LI i i B AU iy 2 s
FLIAREERBAAY , 45 & T RS HTT i 2 2 503 [+)
O, B AR AT Dy R R A A 2 R A AR AR
SR T A B PSR SRR T AR R A
I SR X

1 ERBERBERASTSITE

A5 3 Al R AR A SR P A AR 28 4, g iV ]
TR R EZE T DUAS B BE - — S 4B K L 7 B0 Bl 1Y
Al 46 5 IR I TR B SR =
R ST LR OB AR 5 DU 2 48 A B i K )y o Bk
PRI VERT o K o B SV T T B B S



H4a3E H2H

AR RS R S5 I AR AR
G AR s LR 5 2560 oD S - i
R EAMBINEES S T AR R R B 2 25 A7) 5+
P, e ZHE BRI IX. | LB IX 5 R 2 X =R fi
AP B T DX 38 (AR A PR LB S 2 e LT 1)
BT AT ORI 52 R ;3 iR B IX

B R LR B

Fig. 1 Schematic diagram of blasting mechanism
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Fig. 2 Schematic diagram of multiple empty

hole cutting arrangement
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Table 1 Calculation results based on the

theory of space effect of bulking
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Table 2 Mechanical parameters of RHT model of ore rock

ZHUE X HUfH ZHUE L W fH
Parameter definition Value Parameter definition Value
Wl SRIRIE I/,
Rk 4.04 RIS, _ 0.054
Initial density/(g + ecm ™) Tensile-compressive strength ratio
PIATLUE a, o RLEFF B4 0, o
Initial porosity ' Tension-compression meridian ratio parameters '
TR SR E S, 130 DIEMMR AL B 0.01
Single axis compressive strength/MPa Rode angle correlation coefficient '
SRPEST IR G 33 SH AR E RS & 3
Elastic shear modulus/GPa . Reference compressive strain rate parameters/ (10 % ms™")
{RBAYE A EPSF 20 SHRMRE RS & 3
Erosion plastic strain ' Reference tensile strain rate parameters/ (10 % ms ™! )
RETHRSEB, L JEAR R AERSHL &, 3
State equation parameters ’ Compression failure strain rate parameters/(10” ms™")
RETTRSHLB, . PR RN AL R BHY &, 3
State equation parameters ' Tensile failure strain rate parameters/(10% ms™")
s ST FEGR RS 258 B,
State equation parameters Compresswe strain rate index
REHBEHT, . B A %55 4B, 0,045
State equation parameters Tensile strain rate index ’
RETTHRSEL CAMMA 0 JEGi AT PR SBYE R B 520 PTF 0.001
State equation parameters Effect of compression on tensile plastic flow '
T AFREL A RAGSE D
MRARI A, 0.4387 RS D, 0.025
Hugoniot coefficient/GPa Damage parameters
T A REA R % D
ﬂjm ﬂ%ﬁ 2 0. 494 WUiZH D, 10
Hugoniot coefficient/GPa Damage parameters
W TALR KA ’
ﬂjm ﬂ%’;‘?.ﬁ 3 0.1162 T/ NRBNE &, 0.01
Hugoniot coefficient/GPa Minimum failure strain
FLBRTIT Iy A B (4 3 P, A5 IR TR S 0.85
The pressure when the pores begin to crush/MPa Compression yield surface parameters .
ABSEA TR IS P, ) RO R 2% o, o
Pore pressure at full compaction/GPa Tensile yield surface parameters .
RGNS HLA 5 5 FRANN TR IE SR A, 5 s
Failure surface parameters ' Residual stress intensity parameters ’
KA AEE N 0.85 BRAI S35k BEFRHL N, 0.85
Failure surface index ' Residual stress intensity index
GRS 0. 12 FLBEAREL N, 3.0
Shear-compression strength ratio ' Porosity index




96 o 2026 46 J
x3 HHBBRREFE
Table 3 Explosive parameters and state equation
W ST 1B
Density Detonation velocity Detonation pressure  A/GPa B/GPa R, R, ® E,/GPa
p/ (kg - m™) D/(m-s™") P,/GPa
1200 4100 3.422 4.652 0.075 5.199  2.099 0.5 5.6
x4 ZEHBBH
Table 4 Air material parameters
Density C, C, G, C, C, C Cq E,/GPa
p/(kg+m™)
1.0 0 0 0 0 0.4 0.4 0 0.024
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Fig. 3 Geometric model of charge hole and relief hole
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Fig. 6 Comparison of blasting cavity morphology formed by different hole spacing
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Fig. 13  Field test of cut blasting
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Table 5 Table of blasting parameters
B HAZH

Explosive segment

Charge parameters

1 Bt 1 segment
2 B 2 segment
3 B 3 segment
4 Bt 4 segment
5 BX 5 segment
6 Bt 6 segment
7 Bt 7 segment

8 & 8 segment
9 B 9 segment

10 B

10 segment

JFLIRE
Depth of blasthole

Bl

Segment setting

]

Charge structure

1 ANHEAFL AL 25 11 46254 (2200 72) 1 cut hole,11 cartridges(2200g) per hole

2 AL, B FLAEZY 10 452534 (2000 72) 2 auxiliary holes, each with 10 cartridges (2000 g)
2 A BHAL , - FLAEZY 10 45253 (2000 72) 2 auxiliary holes, each with 10 cartridges (2000 g)
4 AEEBNFL , FFLAE 2 10 452574 (2000 35) 4 auxiliary holes,each with 10 cartridges (2000 g)
8 NNEHBNFL, FEALEE 24 9 4524545 (1800 g) 8 auxiliary holes,each with 9 cartridges (1800 g)

4 AEEENFL, BFLAEZE 9 4254 (1800 g) 4 auxiliary holes, each with 9 cartridges (1800 g)
3AEHEETL, L2 8 442434 (1600 g) 3 auxiliary holes,8 cartridges(1600g) per hole.

2 ANEHRFL , FEFLAE 2 8 45253:(2000 g) 2 base plate holes,8 cartridges(2000 g) per hole)

4 A JEILAL, FELREZY 8 252546 (1600 g) 52 NRARAL , FRLHE 24 10 4524545 (2000 g)
4 peripheral holes,8 cartridges( 1600 g) per hole;2 base plate holes, 10 cartridges(2000 g) per hole)

2 IR, AEFLHEZY 10 252545 (2000 g) 57 DAL, BEFL3EZY 6 25254 (1600 g)
2 bottom corner eyes, 10 cartridges( (2000 g) per hole;7 roof holes,6 cartridges (1600 g) per hole)

ZSLEAE ¢ 7.6 em ARZGLEAR ¢ 4.5 em, 25 fLEIHREFLIREE D 250 cm, HAM FLEREE ) 230 cm,
The diameter of the relief hole is ¢ 7.6 cm,the diameter of the charging hole is ¢ 4.5 cm, the depth of the relief
hole and the cutting hole is 250cm, and the depth of other blastholes is 230cm.

1~ 10 Brz i), 43 BEE IR ] 400 ms, [7] B2 (A B AEH]

Between 1 ~ 10 segments,each extension time is 400 ms,and there is no extension between the same segment.

7 AL R 25707 28 o i) B A7 30em WG L1 R T ZEFLIRE 1 T Ll 2h

2y LIRS kAR 7 5

The 7 roof holes were blasted with a decked charge:a 30 cm deck was left in the middle; 1 detonator was at the

FE RS, A o 3%

bottom of the hole; 1 detonator was in the hole; and the other was in reverse initiation mode at the bottom of the

hole with continuous charge.
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