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Discrete Element Method for Studying Instability of Shaft Surrounding Rock
Under Water-Rock-Soil Coupling Effect

LI Xiao', CHEN Ming', TIAN Bi', GUO Jiangiang', TONG Xinli', WANG Hui*, DENG Xuhui®, TANG Xiangiong®
(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 )
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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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Table 1 Material parameters
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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

GEVHFRER AR AR TEIAR , W] L A R A R BEAE
K- IR VE TR ARSI R L BE P A AR
SOHIARANIE 11 Bros , JERER LA B AR
B h et g K B PR iE Y e R E MR B

ZEEIUBARTL 0.013 31 m?, BE LT AR 17.404 43 m®,
X R AR AR AL B e s T BE R IR
ML FEK - - R R S U s VE R, R B2 a2 5|
R Bl ) 2% TR 23 v ] 5 B T =1 TR 1 Jy 5
B s B H FRA B K 5 A R RS St B i B2 W)
G E R RAE T B W U S BE A A TR AR

11 FEEGSER EmR

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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Fig.14  Distribution of surrounding rock particles on XY plane
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