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Discrete Element Method for Studying Instability of Shaft Surrounding Rock
Under Water-Rock-Soil Coupling Effect
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(1. Hunan Lianshao Construction Engineering ( Group) Co., Ltd., Changsha 410125, Hunan, China; 2. School of
Mechanical Engineering and Mechanics, Xiangtan University, Xiangtan 411105, Hunan, China)

Abstract: For the first phase shaft project in the underground mining of Aurora Gold Mine, a discrete element method
software EDEM was adopted, and a water-rock-soil coupled model for instability of shaft surrounding rock was
established using the smoothed particle hydrodynamics discrete element coupling method (SPH-DEM) , for investigating
the instability evolution process of strongly weathered surrounding rock under effect of seepage. The results show that the
surrounding rock of the shaft become significantly instable within 2—-6 s, and the average moving velocity increases firstly
and then decreases, peaking at 0.155 m/s; the fluid force acting on the shaft wall fluctuates sharply during 0-2 s and
then gradually stabilizes. The shaft wall suffers large scale shallow abrasion, with a final wear area of 17.404 43 m® and
volume of 0.013 31 m’. Numerical simulation shows that the angle of repose for the collapsed shaft surrounding rock is
25°, presenting a relative error of only 1.88% compared to the on-site practical measurement, which has verified
accuracy and practicability of such SPH-DEM method.

Key words; water seepage ; surrounding rock instability ; shaft; mine roadway engineering; shaft wall; surrounding rock
stability ; angle of repose; dynamic response; smoothed particle hydrodynamics (SPH) ; discrete element method ( DEM)

WG TR SRS K RIS R U BT AR P e R AR LS R TR R

FOEPERRAR , — B FLE R A R AR BIR 51k
FEE R TR B, ARSI KR T T
I Bl AL T BRI I 2 8 AL AR AL, 2 PR B 22 4 i T 1Y
B A

RSB KAE I L R 5 R 2045 F A2 1]

@ WimBAHE: 2025-08-17
E&WA: FRARPAIES(12172320)

REEAERAUPITT I, A2 AL B IS 2R J7 1fT, 24 %
i3 i B A 55 2 R, TR AR 7R T KA A AR
PR ANIRI A ot A 56 B2 47 A ML 5 401 05 e AR MLl . 451
LI D01 /N B NN B2 5 RS 3 N 7 N 2 d
HEEXR, FE T BB KRR s FOE, OF

EERIAY: 250 (1987—) , B IR 2R, TR0, FEMNFERG TR A+ TR F N TAE, E-mail:851660333@ qq.com
BIEEE . EIH(1985—) , 5 S RE A T, Bz, BN TR FUEEU mMGE, E-mail : tangxq85@ xtu.edu.cn



52 [N

T i 46 4%

PR TR R bR RS S BR A K G A R TR &
P S5 A 2500 Bt T BRI LA

FE T AR O B ASHD y T E RH Bm i TR
H I AR SCHLIT A5 1, 2 Tl G AU AR B2 1
o BRI T8 W-I AR B Ay AR
TEAFAE "0 S 1T B 5 )ik K A A g UK
Sk L R A AR k2 LA B b 3 W Y 2 K AL
U A g AL A AU TR T
FHARTRRUE PR 30T 5 K 5 B A A

SR, FRBIFSE 2 E T B — A BT (A 354 )
FEN 3-8 W e Ry, sAN G T KR A Ak 22 55
TRVER ., X FaR MR T, ¥ & K-2A- 87 =M
I TR A AR FEAILARL R 00 2 A O ) 5 50 AR R
WIS HE TS A AL LA K AR TR 5 S A ) 48 38 b ik
P, W=z RIS, G0 T 1% S T 5L
{E 7 VR AE R R LW S RAR T | kL2 B K -1 - 1
LA [P R A7 7 SRy B e | e DL o A 30 5l o )L
AT 25 5 SOWL R A 7 (R R ) A2 A

ASCHT EDEM FUEAAT-& |, i HDG IR -
BT (SPH-DEM ) 4 & J5 5 10 K -F- T IR G 1Y
IR SRR T 32 07 VA B b AR 7 2 A R AR
TE B i - T WA A FH 0 S 35 A 3, 28 T 58 )y ik
M DU PR R 2k S IR AR 0 R PR, T IR AR 9T
JERAAEB BAE T AR S5 AL

1 TREMEA

1.1 HREH

A D% Y =E WS G G R ) B R 4 2 I T
RK #8 KRN AR Z) 90 m &b, I TR A %
WE 1 s, % %I I OAR &+ 63.58 m, IR
925.58 m, I {5 A% 6.4 m, Hh I Fi B K477 m,
SRR 800 mm 114 X2 4 i R 5E + S 4 s R B A B
K 877.88 m, L APEJE 400 mm, B £ Rk
- XA AE ST LR B DR, AR Bt R
TREPEG 22 Bk A, R A B K A A
ez, BT VKA N T, b
J JRSREEA , BOR A i, A A T R R R R B
U8 - A b b S5 R i T L 2 s
1.2 kX&H

W X A AR TE ALY | B A R AR N 2R
AL B R LR, —4E W] 43 2 AR ZE A 2 /)
Mz, o 5~8 AR 11~12 KW ZE, 1~4 HF19
~10 H /NI, 245 PRI RN 2 436.2 mm, 4F
KEEM & 3061.7 mm,

RKFZR K

/ GKO3#h %71

LS

— <~ m
Bl EBHIREFANE

Fig.1 Location of main shaft in project
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Fig.2  Geological structure of shaft site
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Fig.3 Collapse of surrounding rock on site
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Fig.4 Scheme of local surrounding rock and model
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Fig.5 Modeling of shaft surrounding rock instability
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Fig.6  Velocity distribution of surrounding rock
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Fig.7 Average velocity response of surrounding rock
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Fig.8 Velocity distribution of water particles
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Fig.9 Average velocity in X, Y and Z directions
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Fig. 10 Wear areas on shaft wall at different time
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Fig.11 Total volume and areas of wear on shaft wall
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Fig.12  Fluid forces in X direction acted on shaft wall
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Fig.13  Trajectory of surrounding rock particles
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