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Earthquake damage types and the numerical analysis of influencing
factors about destructiveness of underground caverns
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Abstract: Based on earthquake damage data collection around the world, the earthquake damage types of underground cavern

(S hang hai Water Engineering Design and Research Institute Co.,

were com prehensively analyzed, such as the structural failure caused by slope failure, the portal collapse, the fault movement of
cavern crosscut, the large displacement between two intersected faults, the spalling of surrounding rock, the disturbance or de
formation of the support and lining system and so on. Numerical simulation technology was applied to analyze the influencing
factors of underground caverns destructiveness. T he calculation results show ed that: the cavern was easier to be destroyed under
higher earthquake intensity; dynamic stability of circular tunnel was better; the cavern constructed on homogeneous and hard
rock was nontrivial to been damaged by earthquake; the dynamic displacement response index would be smaller with a large
ground stress in the underground cavern region; the increase of lining stiffness would partly rise the degree of the seismic danr
age; the outlet of cavern suffered the earthquake destruction easily.
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Tab.1 Earthquake damage of underground cavern in practical engineering
HOTE 44 FR (AE) ExHX  RY% R TR ZHUE T
IH 4zl HiRE (1906) FH 8.3 Hekr— S hgiE 7 2R A P TR 5 7™ B, R GRATHT IR L B KPR B K L 37 m
KIRKHLRE (1923) H A 7.9 REIX 82 A b i T BRI TR 5 B v, T 1R 4, R G A e 2
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BTV TR AR ) I E LRI R B 0 R DL R TR A AR TR, AL Tl
FLUEHL R 1SRRI H 1B 3 5 35

“5.12 POHLRE

FEA 8.0

(2008) JeURHE PP HISE & 4 TR OB, I R H B 24 R B, R b
N &, TR % A A
5 Wrids S5 FEE 10 59 4%, Z S0y m i T4 FECE
W, WA R B 10 A5 4R, = FE AR RSl
2.1 HEAER R AR 10 mXx 50 mx 10 m.

2.1.1 itEREA
MR 5 B 4347 v, BT BV il 2 K T 1)
Sy XA, W S Y B, B ) O Z B, R ) A

2.1.2 ERWE]FIER
EAIY UL I, SR S T FR R L AR 2.
ARG, 2 A0 5 AR (Y, L 4 A A

KFI TR » 107



F14% BF 84 M- AL G AR R 20164 6 A

AR 30% .
2
Tab.2 The mechanics parameters of rock mass

D12 R &
HAPERE E/ GPa 23.0
A 0.25
B R GPa 15.3
BB R/ GPa 9.2
W (kg m?) 2500
% ¢/ MPa 1.0
PESES(°) 40
PLisRE 0/ MPa 2.0

2.1.3 =ANFHER )R IREN

B AU, 5 A 7 25 450 TR ) 8 AL i 3 A
T i IRAAE DR A Mo hr- Coulomb 58 #EN] .
2.1.4 FHw#

RZ BTS2 W BTG o T3 5000 Wi 17 S 452
K, AN SO B SIS LA SV 3 SN B far gl
SCH TR R AR PR R

(1) N TR o hnddoRss i F2th 26 WKl 1, o
(a) HUTHEUE 7 FEHURRFFEEN A 1 0 s AN T
HORE W, RIFK 1T RN L HURE B (b) v 2L 7 J
AN CH O, fRTRR 1T 28 N = .

1

Fig. 1 Time acceleration curve of artificial seismicwave
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Fig. 2 Horizontal time displacement curve of the vault
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Fig. 3 Time displacement curve of different cross section types
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Fig.4 Time displacement curve of different initial stress fields
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Fig. 5 Time displacement curve of different rock elasticity modulus
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Tab.3 The dynamic principle stress and amplification coefficient of surrounding rock and lining

0. 5 f5 K 1 5 MRS 2 NI 2 3 fiF W B

% o/ MPa - 0.218/0. 192 - 0.210/0. 190 - 0.201/0. 179 - 0.190/0. 170

% A 0./ MPa - 0.113/0. 099 - 0.346/0.301 - 0.443/0.390 - 0.685/0. 662
TR R 0.518 1.648 2.204 3.894

4 0,/ MPa - 0.054/0. 036 - 0.054/0.036 - 0.054/0. 036 - 0.047/0. 033

,E W1 0./ MPa - 0.021/0.019 — 0. 090/ 0. 060 - 0.120/0. 080 - 0.170/0. 130
TR 3 0.528 1. 667 2.222 3.939
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Fig. 6 T he shear failure condition of the exit of cavern
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