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Numerical Simulation Study on Damage Law of
Surrounding Rock in Blasting Excavation of Ultra-deep Shaft

YANG Xiao-lin ,ZHANG Guang-ran,CHU Huai-bao ,SUN Bo ,XU Jie,
WANG Dong-hui ,CHEN Lu-yang ,GUO Peng ,WANG Shao-hua
(School of Civil Engineering, Henan Polytechnic University, Jiaozuo 451003, China)

Abstract: This study aims to analyze the damage evolution law of the surrounding rock mass in an ultra-deep
shaft under blasting load. To achieve this,a numerical simulation method is adopted based on the blasting construc-
tion practice of Xiling Auxiliary Shaft in Sanshandao Gold Mine. The simulation utilizes a restart technology based on
ANSYS/LS-DYNA and adopts the equivalent explosion load method according to the blasting design scheme. The sur-
rounding rock mass damage of the ultra-deep shaft is calculated under four different ground stresses(15 MPa,30 MPa,
45 MPa,and 60 MPa) and four different side pressure coefficients(1.0,1.25,1.5,and 2.0). Furthermore, this study
analyzes the damage effect on the shafts surrounding rock mass and investigates how ground stress and side pressure
coefficient influence the extent of damage to the surrounding rock. The numerical results demonstrate that as ground
stress increases from 15 MPa to 60 MPa,there is a significant inhibition in the damage area with a decrease in radius
from 5.75 m to 3.4 m. Additionally,it is observed that with an increase in lateral pressure coefficient ,there is anisotro-

py in terms of blasting damage area distribution where greater ground stress leads to concentrated damage areas.
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Fig. 1

Schematic diagram of full section
blasting excavation of shaf
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Table 1 Blasting design parameters

AR HEIR B 6]/ WAL i g/ HafLmlE/

ms mm mm
I 0 PR fL 2000 684
Il 10 HBhL 3600 931
I 20 L 5200 1014
\Y 30 i BhAL 6800 1063
\ 40 HiBhFL 8400 1018
Vi 50 HBhHL 10 000 1024
VI 60 Ji AL 11 200 586

SRR, Sl fi e, BB B
20 m FRAFPEF TR, f H LS-DYNA 4 g7 an sl 2
T ) = HET AR A FROT IS I B 484228 75
RUFT 451212 oG, BRI SR + CONSTRAIN-
ED_GLOBAL iy 4> S5 BUBE UG AR, 401 575k H 6 I
SHRS BN EER

FEREIT R R D A A M RER ] « MAT_RHT
ARFGRERYSE S A FEAYHL 12 SN 2 iR,
RHT 74 7 B 2R M B S50 32 3 iR,

K2 Ao

Fig. 2 Calculation model

K2 ERMEHESH

Table 2 Physical and mechanical parameters of rock

BR AR ARy S =N | HX
(kf_’i/_}) MR i s PR
2610 45 0.24 46.9 6.55
%3 RHT EE S
Table 3 RHT model parameters
RO/(kg - m™) 2610 T,/GPa 54.04
ALPHA 1.0 T, 0
PEL/MPa 363 SHEAR/GPa  18.67
PCO/GPa 0.06 FC/MPa 109
A,/GPa 25.70 FT * 0.1
A,/GPa 90.79 FS 0.18
A,/GPa 55.48 A 1.6
B, 1.68 N 0. 61
B, 1.68 Qo 0. 68
B 0.0105 GC 0.53
NP 4.0 GT 0.7
EOC 3.0x107" EPSF 2.0
EOT 3.0x107" X1 0.5
EC 3.0x10" D, 0.04
ET 3.0x10" D, 1.0
BETAC 0. 0026 EPM 0.012
BETAT 0.0155 AF 1. 60
PTF 0. 001 NF 0.61
2.2 BETEE

i AR 70 A RR ) R, i £ AR 5 SR ) v A
P, SR FHT It JIT 5 2050 B i 26K %) 1y ok A T B RS 4D A
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Table 4 The equivalent elastic boundary

corresponding to each shot hole

way g SERNE
I 0 T L 1.27
II 10 AL 1.80
m 20 &EhAL 2.60
\Y 30 AL 3.40
A% 40 AL 4.20
VI 50 i BhFL 5.00
VI 60 JEfL 5.75
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Table 5 Equivalent load peak value and action time

iy pilags O TR EIRIRY
I oL 192.48 1.000 6.583
I WEhfL  107.94 0.875 6.468
i} AL 99.10 0.875 6.472
\Y B fL 94.53 0.875 6.474
\ AL 62.16 0.750 6.349
VI HELAL 35.76 0.625 6.223
VI JE L 50. 84 0.625 6.206
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Table 6 Ground stress application scheme

0l &
Hoi FEM HE X/MPa Y/MPa Z/MPa gg}(
W S a 0 0 0 -
b 15 15 15 1
30 30 30 1
wass s
d 45 45 45 1
e 60 60 60 1
f 315 30 30 1.25
AFRMERE ¢ 45 30 30 1. 50
h 60 30 30 2.00
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(a) t=10 ms
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(b) t=20 ms
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(c) =30 ms

0 MPa 15 MPa
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Fig. 3 Damage evolution of surrounding rock under different ground stress conditions
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Fig. 4 Damage evolution of surrounding rock under different lateral pressure coefficients

K=2.0
. } 4
\\ .
|
K=1.5 K=2.0
(b) t=20 ms
n\ ’ 4 1 ' : - l
m
K=1.0 K=1.25 K=1.5 K=2.0
(c) t=30 ms

KSR 2ROt 3% V-7 F s s bl

Fig. 5 Damage of Y-Z plane in ground stress field with different lateral pressure coefficients
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