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Study of collapse mechanism of underground caverns with
unfavorable geological structures under seismic loading
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(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China; 2. Daduhe Hydropower Development Co., Ltd., Chengdu 610041, China)

Abstract: Seismic response of rock is the main topic in current dynamic analysis of underground structures, but the dynamic
response and collapse mechanisms of rock structures are lack of thorough study. Based on a practical hydropower project, three kinds
of unfavorable geological structures are selected in the dynamic analysis of large underground caverns by using block theory. Then
ground deformation history and characteristics of open and slip joints are studied under seismic loadings by a discrete element
program UDEC. Simultaneously the movement mechanisms of the cutting blocks are also analyzed. The results show that steep dip
geological structures have greater impact on earthquake response of underground caverns. Under the seismic loading, adverse
geological structures slip along the steep incline joint with sudden. Collapse form of adverse geological structures may change with
seismic load increasing.
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Table 1  Joints of underground powerhouse

H A PEARS GE BT M6 £)

AR N15° ~25°E/SE £28° ~40°, EW/S(N)60° ~80°, N50° ~60° E /NW.£20° ~30°, N20° ~40° W/NE £28° ~38°, SN/E.£60° ~90°
B B N15° ~25°E/SE £28° ~40°, EW/S £25° ~35°, N50° ~60° E/NW £80°, N50° ~70° W/ SW £76°, EW/S(N) £60° ~80°

CE EWI/N(S) £60° ~85°, EW/S £25° ~35° N50° ~70° W/SW £76°, N15° ~25° E/SE £28° ~40°, N20° ~40° W/ NE £28° ~38°
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Table 2 Combinations of adverse geological structures
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Fig.1 Combinations of adverse geological structures
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Fig.2 Calculation model of underground caverns
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Table 3 Mechanical parameters of rock joints

- Gl P JEE ) C1E A N [ B o
PR UL B WRAH A W R RIE
1(g/m”) IMPa
/ GPa 1°) IMPa  /(GPa/m)/(GPa/m)
A1k 265 250 025 55 3.0 0.1
B a| 50 0.1 0 18.0 7.0

3.2 HIEMBSUN&M

WEATBHAS S 53 BT IS, 4 AR KT 121 550 A b 1 2
Fi, ARSI RSt A ) NSRBI . B AR
SR FH B 3R ACY i R, 1 4 AL
ARG LA E JG I R 2k . MRS TREHhFE 2%
JEHE, BEE 2 BRSO, A3kt 50 a g
63%F11 50 a FHEAE R 10% I Z 5, vk bz 2
JEE 1 805 1 RS 5 Ve 0 ek 155 LK 4

o o =
o » o N

T/ (/s 2)
S
~

|
o
oo

_12 L

B4 BRAIETRACT F s B - i 72 i 2

Fig.4 Horizontal acceleration history of Kobe main shock
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Table 4  Seismic intensity of a hydropower station
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Fig.5 Surrounding-rock displacement vector and joint
deformation after excavation
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displacements of monitoring point
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Fig.7 Diagrams of surroundings rock displacement vector
and joint deformation after seismic loading under condition 1
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Fig.8 Diagrams of surrounding rock displacement vector
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