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Numerical Simulation and Parameter Optimization of
Fan-shaped Hole Blasting in Backfilled Sublevel Open Stoping

REN Shao-feng' ,WU Li-bo' ,WANG Da-long' ,PENG Shi-gang' ,LIU Kai* ,TAO Ming” ,XU Yuan-quan®
(1. Guizhou Fulin Mining Co. ,LTD. ,Fuquan 550509 ,China;
2. School of Resources and Safety Engineering, Central South University , Changsha 410083, China)

Abstract; To address the issues of backfill damage and stope boundary irregularities caused by fan-shaped bore-
hole blasting in sublevel open stoping with subsequent backfilling, this study focuses on the underground stope of
Xinqgiao Phosphate Mine as a case study. Numerical models were developed using LS-DYNA finite element software
to comprehensively analyze the blasting performance of fan-shaped medium-deep holes under various operational con-
ditions. Field-measured blasting contours of the stope were compared with numerical simulation results to evaluate the

influence of different loading application methods on the blasting damage prediction accuracy. The simulations em-
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ployed both experimentally recorded borehole wall pressure time-histories and a constitutive explosive material model
coupled with the JWL equation, revealing that the measured load time-histories yielded more precise blasting effect
representations. Building upon this foundation,the study systematically simulated fan-shaped blasting under one-step
mining , two-step mining,and special stope conditions by examining two key variables :inter-sidewall distance and ini-
tiation delay time. Subsequent analysis focused on surrounding rock mass damage distribution patterns and blasting-
induced vibration characteristics. Results indicate that in one-step mining scenarios, inter-sidewall distance exhibits
limited impact on surrounding rock mass stability,while initiation delay time emerges as the predominant factor gov-
erning blast fragmentation efficiency. At a 0. 3 m inter-sidewall distance, blasting damage primarily concentrated
within the ore caving zone, achieving effective bulk fragmentation while substantially mitigating surrounding rock
damage risks. In two-step mining scenarios, backfill stability demonstrates high sensitivity to toe burden distance ,with
damage risks markedly damage decreasing when exceeding 0. 6 m. While sequential hole initiation enhanced frag-
mentation , it exacerbated backfill damage. Special stope conditions required asymmetric sidewall parameter design
and optimized borehole arrangement to minimize backfill impacts. These findings culminate in an optimized fan-

shaped blasting parameter system tailored for Xingiao Phosphate Mine's A-orebody, delivering both theoretical frame-

works and practical methodologies for backfill mining blasting operations.
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Schematic diagram of the sublevel open stoping with subsequent backfilling method

using fan-shaped boreholes arranged perpendicular to the strike(unit:m)
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Fig. 2 Layout of fan-shaped blast holes

on the stope face( unit;m)
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Table 1 Plugging length of fan-shaped

boreholes on the stope face

AL AL s 1 R
=] N2 . ° ﬁ%i/kg
S5 W Kimo e oo
Borehole  Borehole Stemming  Borehole &
mount/ kg

1D depth/m length/m  angle/°
1 9.6 1.0 -3 32.1
2 8.5 1.0 0 28.0
3 8.7 2.0 12 25.0
4 9.7 2.0 27 28.7
5 12.1 5.7 42 23.9
6 11.9 2.0 56 36.9
7 9.9 3.4 76 24.2
8 9.6 2.0 97 28.3
9 11.0 4.2 118 25.4
10 11.6 2.0 133 35.8
11 8.6 4.0 149 17.2
12 7.4 1.9 167 20.5
13 7.2 1.0 180 23.1
14 8.2 1.0 184 26.9
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Fig. 4 Scanning results of the stope contour( unit;m)
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Table 2 Numerical simulation schemes
F A 25 [ y . SRR iy
)% ! P/ BB )7 T
Seh Surrounding Distance between Milli d delav blasti 4 Borehole collar
cheme rock type the two sidewalls/m Hisecond defdy blasting mode stemming method
1 . e HI
Simultaneous blasting of the entire row
) o5 U
’ Simultaneous blasting of the entire row
#HE [R] B 3
3 . 0.5 . EﬁF@lﬁfEﬂ% .
Simultaneous blasting of the entire row
Ore rock
) 1 U 2
Simultaneous blasting of the entire row
5 0 AL ) I e g
Simultaneous blasting of three holes %
. W g
6 0 EALEA W—sh?ed
Hole-by-hole blasting p
stemming
7 0
8 0.3 R HE RIS AR
9 0.5 Simultaneous blasting
10 FEIEA ] of the entire row
Backfill
o . AU
Simultaneous blasting of three holes
v 0 ZALE R

— LA R T
13 One side with surrounding rock 0

and the other side with backfill

Hole-by-hole blasting

HeHE R R

Simultaneous blasting of the entire row
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Note : All borehole stemming lengths are based on actual engineering practice and are distributed in a W-shaped pattern.
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Table 3 Rock material parameters

Z) Parameters B8 Values

5 A7 Density/ (kg - m ™) 2800

B YR & Shear modulus/GPa 13.88
F KALEFRK E F) T Maximum tensile strength 7/MPa 54
R K, First pressure coefficient K,/GPa 46.6

WG EE S50 D, Parameter for plastic strain to fracture D, 0. 005
W45 B 254 D, Parameter for plastic strain to fracture( exponent) D, 0.7

T AR SRAFUR R BL C Strength parameter(for strain rate dependence) € 0. 005
TR B S50 M Fractured strength parameter ( pressure exponent) M 0.61
WU JE 250 N Intact strength parameter ( pressure exponent) N 0.61
H—AbF Kk EsR B SF,, Maximum normalized fractured strength SF_ 0.25
3 13 A8 % Reference strain rate/ (s ') 1.0
IREFFESEL K, Second pressure coefficient K,/ GPa -18

RS FESEL K, Elastic constants K,/ GPa 3980
VA —AL A0 BR55 E 2 80 A Intact normalized strength parameter A 0.7

I —ALFR 4758 BE 540 B Fractured normalized strength parameter B 0.23
L B Hugoniot elastic limit HEL/GPa 4.5

A BR B 7K [ 7431 Pressure component at the Hugoniot elastic limit PHEL/GPa 2.578
SR RE B G e Al A i D RE RO L]

Fraction of elastic energy loss converted to hydrostatic energy BETA 1.0
x4 FTHEEMBSE
Table 4 Backfill material parameters
24 Parameters B8 Values
5B Density/ (kg + m*) 1870
BiJ]# 5 Shear modulus/GPa 0.2168
I KA ERKE S T Maximum tensile strength 7/MPa 0.5
PRFRR & K, First pressure coefficient K,/GPa 46.6
W15 254 D, Parameter for plastic strain to fracture D, 0. 005
11493 2% D, Parameter for plastic strain to fracture( exponent) D, 0.7
T 78 AU R X C Strength parameter( for strain rate dependence) C 0.005
W5 I 250 M Fractured strength parameter( pressure exponent) M 0.61
WIHR SR S0 N Intact strength parameter( pressure exponent) N 0.61
H—Ab i K iEaR & SF,,,. Maximum normalized fractured strength SF, 0.25
SR A5 K Reference strain rate/s ' 1.0
RS TS S K, Second pressure coefficient K,/GPa -18
IR T FESEL K, Elastic constants K,/ GPa 3980
AW IR R S50 A Intact normalized strength parameter A 0.7
T3 —Ak 3R 4R 250 B Fractured normalized strength parameter B 0.23
S B Hugoniot elastic limit HEL/GPa 0.5

A PR # 7K 5 7 4312t Pressure component at the Hugoniot elastic limit PHEL/ GPa 0.2
SIRPE RE ek 451 S B A S A T RE RO L)

Fraction of elastic energy loss converted to hydrostatic energy BETA

1.0
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Table 5 Stemming parameters
W BIYIRL G HEAR PSR PLANWT LR 1R )
Density/ Shear modulus/  Unloading bulk a, a, a, Tensile fracture ver
(kg +m™) GPa modulus/GPa termination stress/kPa
1800 63.8 1.34 3.4E7 6.4E3 0.3 -5 0
ref eps, eps, eps; eps, epss epsg eps;
0 0 0.11 0.17 0.22 0.26 0.29 0.36
epsg eps,y epsyo p,/MPa p,/MPa ps/MPa ps/MPa ps/MPa
0.41 0.46 0.51 0 26.7 46.8 66.9 93.6
pe/ MPa p,/MPa ps/MPa po/MPa  p,,/MPa
120.2 233.3 368.5 669. 2 1100
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Table 6 Emulsion explosive parameters
W ST
Density/ Detonation velocity/ P /GPa  A,;/GPa B,/GPa R, R, ) E,/GPa
(kg -m™) (m-s™")
1210 3800 9.7 214.4 0.182 4.2 0.9 0.15 4.192
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Fig. 6 Comparison of damage contour plots from simulations using different methods
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Fig. 8 Damage contours and crack distribution of fan-shaped blasting under different sidewall distances
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Fig. 10 Damage and crack distribution of fan-shaped blasting with different initiation delay times in one-step mining
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Fig. 12 Damage and crack distribution of fan-shaped blasting with different initiation delay times in two-step mining
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Fig. 13 Blasting damage and crack distribution under different initiation delay times
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Fig. 15 Damage and crack distribution of fan-shaped blasting with backfill
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Table 7 Recommended optimization parameters for fan-shaped borehole blasting
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