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Numerical Simulation of Blasting with Wedge Cut
Based on LS-DYNA Software and Its Application

CHEN Banghong' , CHEN Xingming®, WU Shangrong', FEI Zhiwen'
(1.Kunming Engineering & Research Institute of Nonferrous Metallurgy Co., Lid., Kunming 650231, Yunnan, China; 2.School
of Environment and Resource, Southwest University of Science and Technology, Mianyang 621010, Sichuan, China)

Abstract; The western No.2 mining area of a certain mine adopts the non-pillar sublevel caving in mining, and
excessive wedge cut height in the 1 546 m sublevel leads to poor blasting effect. To address this problem, blasting with
wedge cut was specially studied. Firstly, the rock parameters were calibrated based on the RHT constitutive model and
the damage threshold of the rock was determined to be 0.4 by a fluid-structure interaction analysis with the LS-DYNA
software. A comparative analysis of the cut blasting effects with different cut width shows that with the cut height fixed at
23 m, the effective damage rate of the rock presents a unimodal distribution with an increase in cut width. The optimal
cut width is found to be 24 m, with which the effective damage rate of the rock can reach a peak value of 0.692 5. Based
on these parameters, the on-site application of designed cutting scheme indicates that over 85% of blast-forming space
can meet the requirement, presenting a reasonable fragment distribution of muck pile, with the angle of repose at
approximately 40°.
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Fig.1 Numerical simulation of blasting parameters by

fluid-structure interaction analysis
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Table 1  Physico-mechanical properties of rock in western No.2 mining area of a mine
PN [N o . By iR I N I
PSR/ MPa PRERHUIESRE/MPa  HMERLER/GPa ML CMPa o/ (%) BRI/ GPa FUIRSREEIL  BYRSREELL
12.9 90 115 0.25 1.05 45 46 0.143 0.35
®2 EWHE_REXETERHT AMERMRSH
Table 2 Material parameters of rock in western No.2 mining area based on RHT constitutive model
RIS ZHUE BRI SR RIS ZHORA
BEE po/ (kgem™) 2700 WA RSE B, 1.68 ARSI 0.018 2
PR LB o 1.0149 REITHRSH B, 1.68 S RMNIAER e§/s7! 3.0x107°
ALBRITHR IR FEN IR ) p/MPa 30 RS FFBEL T, /GPa 27.648 BERNRLAE AR &) /57! 3.0% 1076
FLBRFESES T P o 0.6 RENTBRSHT, 0 B R R A 2R 6 /57! 3.0x 103
FLBREETR B 3.0 JE4R RS 4L gt 0.4 RELRANRI AR g'/s7! 3.0x10%
ZIWA R A, /GPa 27.648 P IS4 g 0.7 WIREMLSE D, 0.04
ZIARELA,/CPa 46.449 SYUIR R AR R AL L 0.48 B8 D, 1.0
ZIRHLA,/GPa 28.389 RAAHSEL A 2.5089 R/NEIRTEADLE &7 0.015
WA R B 0.067 FALMARE N 0.7223 Fo/NRBUNIE A, 1.62
FE4R I AS AR HL B, 0.013 8 BLETT LSHLQ, 0.68 BRAXNL S 38 BERRHL 0.6
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Table 3 Parameters of equation of state for rock powder explosive No.2

LWARE  Jrdatixd
Eo/GPa KA V'

1.77 028  7.38 1.0

WRESN A/ B/

P/GPa GPa  Gpa 0 e

9 586 21.6  5.81

R4 EEMBRREFESY

Table 4 Parameters of equation of state for air materials

PRI BRAT .
=R i/ Co C ) G ¢, Cs Ce Eor
(kg - m™) ‘ kPa
1.29 0 0 0 0 04 04 0 2.5
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Table 5 Calculation parameters for radius of damage zone and fracture zone in wedge cut blast

FARE ROHURIIE, RGBS PRI BIRRSL  nMEOL AR R
(kg+m™) MPa MPa " (m-s™) I GPa (kg+m™)  (m-s™)
2700 90 12.9 0.25 0.06 115 1300 4 000

S AR AR 2 4 (T, REIR 25 G o o
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R { 2pCp,V,’B, T—DOW (3)
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16(1 —p)c, 7!
Dy=1-|1 Lo —pC (4)
9(1 - 2u,)

K. Dy WEAVGBIE ; w, Ha A0 BIa R
o, w, =, (1-16C,/9) , w, HAABIHTHAN L ; C,
P | R A 2B B 5 o SR R IV 8 e e £, L
2.25; p NEATEE kg/m’; C N a4 by P A5 4%
BE,m/s; Vy MVEZGIREE , m/s; p, WIEZHE  kg/m’ 5k
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Table 6 Radius of damage zone and fracture zone in

wedge cut blast

i IERIRIE S R AR R FABRIX
P./GPa Z¥p  WMiD, CEFER/m 2EfER,/m
8.377 0.25 0.15 0.14 3.08

132 ARBERANES

N T AT AR LA B i i v g A AR K R T
P AERIVE 2, SR LS-DYNA 3 <7 BRIE L — 4k
TP AR DL 2, BRI RS 17.5 m, 9 11.2 my;
BEALHEE 1.2 m, [HE 7.5 m, #4425 B2 8 em, 2%
SIEARES 525 AR, 0 40 em, R NS
UNpuE o

®
o N\JEdEZ)

HA

11.2 m

[ 17.5m |

2 ERFLER
Fig.2  Numerical model of wedge hole
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Fig.4 Rock failure range in different damage value intervals
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Table 7  Simulation scheme of wedge cut

K PAEEE H/m BRGEE d/m EAE Q,/kg K L/m

1 23 15 1110.9 221.3
2 23 18 1333.1 265.6
3 23 21 1555.3 309.8
4 23 24 1777.4 354.1
5 23 27 1999.6 398.3
6 23 30 2221.8 442.6
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Fig.6  Cut blasting model
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Fig.7 Evolution of original damage at different stages of blasting
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Table 8 Effective damage rate of each scheme
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Fig.9 Borehole arrangement for wedge cut
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Table 9  Statistics of fragmentation for muck pile block

after wedge cut blast

539 /m T i AL m? He Bl %
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At 8.13 100.00
5 45
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