55 50 45 5 P2 R 2 Eird Vol.50 No.5
20254 5 H JOURNAL OF CHINA COAL SOCIETY May 2025

ETT ALK ERB T/ KERSEEESH

B, ERT, TWE, BT

(1. TTHE R HBRRL 5 TRRERR, T8 B 211100; 2. T 0R48 Mo B A& FSR B, V105 BE AT 210049)

B EEFFREMKEREET, TREFZEIRLTLEAGAEL, FIFHENGEH ALK,
HilRBEHRBFREY, RUBABREERALHLAFT T SRR LE, AThEis
JeR—BEAE 09T KB R An e 2 Ay B 5 AL H1 A COMSOL Multiphysics 2k A4Fe 4 FR T 77 ik
FBALRER , RAZ 4 AR 5 %3 @A L0 F X, TEEHLMEMKREREEFT
KEBE BTG, EREN: ETREFIZBEHTHEAGAETK, BATOKRE, KILE
Rk T KR MR A TR A FUMK R DR, BILIRUE A K oA T KR d ) e AR A R AR, At
WAREEA-BRBSEREALT, BRA-BB/SERAELS ., EBABBRE AT, RXFH
B AT 09MPa, s hFKMA¥mT 03 MPa, BER/MEZR A ZRADER, ARAE
ZILRAKEA I R; ERRAZAEZOEHBRD, ARAEZTHRXTARRAE; A-EHBEER
—ERELRDTERRGSH, #—F A TR-EBEGHMAER, KT TFTREELBKESET
BE Aok EFen, SRENITRT 3 T EERMGHRES . KIETALT] AR
8 LR KR A BACA AR B G AT W AR A ) B R e — R AZE BB A B AT
TR 3 AP 0 & AR E 64T, ﬁ&ﬁi%TT%E@%ﬁi&%ﬁuﬁﬂﬁﬁo4LE
B I BOE R R E A sE P IR R BUAAE BRI T R 6 B B AL M, AR I AR AR
e e A8

KEEIAE : AR E BB S FTARE; A-EARSAE R B 5 AR BAAE M
RESFES: TV743; TV223.1 XEFRERL: A XEHS:0253-9993(2025)05-2423-14

Stability analysis of surrounding rock of underground reservoir of pumped-storage
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Abstract: In the reconstruction of pumped-storage hydropower in the mine, the change of seepage field caused by the ex-
cavation of the underground reservoir leads to the readjustment of the stress field, which will easily cause the instability
and deformation of the surrounding rock. Therefore, the stability of surrounding rock has become the key to the recon-
struction of the underground space in Shidangshan Copper Mine. Based on this, a mathematical model of groundwater

seepage and geostress that takes into account the fluid-soild coupling is established, and a numerical model is constructed
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by using the COMSOL Multiphysics software and finite-element method, and the three-dimensional geological model and
two-dimensional sectional model are combined to carry out the stability analysis of the surrounding rocks in underground
reservoir of the proposed pumped-storage hydropower in Shidangshan. The results show that the underground seepage
field changes after the excavation of the underground reservoir, the direction of groundwater seepage changes, and the wa-
ter level is funnel-shaped. The pore water pressure near and on top of the underground reservoir decreases, and the high
pore pressure area is distributed at the bottom of the model on both sides of the underground reservoir. Compared with the
case without considering the fluid-solid coupling, the stress, displacement and plastic zone of the surrounding rock are
changed after considering the fluid-solid coupling, the maximum equivalent force decreased by 0.9 MPa, and the minim-
um equivalent force is increased by 0.3 MPa. The equivalent stress on both sides of the cavern shows a decreasing trend,
and the boundary cavern is more affected by pore water pressure. The deformation of the surrounding rock of the whole
cavern is decreased, and the deformation of the boundary cavern is larger than that of the inner cavern. The fluid-solid
coupling reduce the distribution of the plastic zone to a certain extent. Further based on the numerical model of fluid-solid
coupling, the stress distribution state and stability of the surrounding rock under filling and releasing water conditions of
the underground reservoir are designed. Simulation results show that the designed three conditions of hydrostatic pressure
exerted on the surrounding rock, pore water pressure changes caused by water level changes and the stability of the soften-
ing effect caused by the change is small, the softening effect to a certain extent weaken the stability of the surrounding
rock, in the underground reservoir support need to pay attention to the lining of the cave, the stability of the surrounding
rock under the designed conditions of the lower reservoir can still be guaranteed. In summary, numerical simulation is
used to evaluate the stability of the surrounding rocks of the underground reservoir in the mine reconstruction pumped-

storage hydropower to provide data support and ensure the safety of the project.
Key words: pumped storage hydropower; underground reservoir; fluid-solid coupling; surrounding rock stability; nu-
merical simulation
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Fig.8 Effect of fluid-solid coupling on stress field after excavation of underground reservoir
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Fig.9 Equivalent stress distribution of typical boundary caverns and internal caverns in two cases
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Fig.10 Influence of fluid-solid coupling on displacement field after excavation of underground reservoir
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Fig.11 Influence of fluid-solid coupling on the distribution of plastic zone after excavation
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