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Seismic safety evaluation of underground cavern with Vague set

LI Wengian, WANG Qianwei, WANG Fei, WANG Zhen,ZHU Xiaobin, TONG Dawei
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: Up to now, few studies have been performed to evaluate the safety of underground cavern group under
earthquake, and most of the researches are limited in a single factor such as stress or displacement. Based on the
integrating strength reduction method, particle swarm optimization method, projection pursuit method and set pair
analysis model with Vague set, an seismic safety evaluation model with multiple parameters is proposed for huge
underground cavern group. In this model, several dynamic response parameters such as vertical displacement,
horizontal displacement, acceleration, and compressive stress are taken as the key factors to evaluate the seismic
safety of underground caverns. A multi-index seismic safety assessment method system is hence proposed for large
underground cavern group in this paper. A case study is performed to evaluate the seismic safety of the underground
cavern groups of a huge hydro-power project, the results show that the selected three sections of the underground

caverns are all in a safe and steady rating, which in turn demonstrate the effectiveness of the proposed model.

Key words: underground cavern; seismic safety evaluation; Vague set; particle swarm optimization; projection

pursuit; shear strength reduction method
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Fig.1 Flow chart of seismic safety evaluation of underground cavern
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Table 1 Physical and mechanical parameters of rock mass
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GPa (g+cm™) GPa (g+cem™)
Vidniba 16 2.71 0.23 1.6 52 F1 0.7 1.93 0.31 0.1 19
T2m-1 13 2.72 0.26 1.2 46 F3 1.0 2.04 0.32 0.1 20
T2m-2 15 2.75 0.28 1.0 43 F35 0.6 2.13 0.30 0.1 17
T2m-3 11 2.70 0.25 1.4 50 F9 . F19 \F21 0.5 1.83 0.32 0.1 16
T2m4 8 2.69 0.28 0.8 42 F22 ¥23 F37 0.5 1.83 0.32 0.1 16
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Fig.2 Finite element mesh for fine geological model Fig.3 Time history curve of seismic acceleration of the bedrock
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the underground cavern points in the section reduction factor relationship curve
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Table 2 The rating scale of each evaluation index
B 137 %/ mm
T 55 2%
A5 B /& CH D A& E /4 F A G A H
T My <122.5 <116.9 <116.0 <111.7 <110.8 <105.5 <104.3 <97.2
FaE MR (122.5,310.9) (116.9,305.2) (116.0,304.2) (111.7,299.5) (110.8,298.5) (105.5,292.9) (104.3,291.6) (97.2,283.1)
N =310.9 =305.2 =304.2 =299.5 =298.5 =292.9 =291.6 =283. 1
I/ mm
TEM 54
A B M C D A E 55 F /5 G, H
FoE T <0.45 <4.45 <3.86 <7.85 <7.15 <1.85 <1.78
e (0.45,0.58)  (4.45,7.06) (3.86,6.39) (7.85,11.84) (7.15,11.02) (1.85,3.29) (1.78,3.15)
ARsE =0. 58 =7.06 =6.39 =11.84 =11.02 =3.29 =3.15
‘ x T AHE/ (m - s72)
e
AT B C D E 5 F 5 G H
Fe e M hy =0.727 =0.729 =0.715 =0.713 =0. 700 =0. 681 =0.673 =0. 676
FaE R 2 (0.727,0.648) (0.729,0.648) (0.715,0.636) (0.713,0.635) (0.700,0.623) (0.681,0.605) (0.673,0.598)(0.676,0.601)
AFaE <0. 648 <0. 648 <0. 636 <0. 635 <0.623 <0. 605 <0.598 <0. 601
FE LY 77/ MPa
PEM S5
A B A C 5 D i E F G M H /&
FaE Mgty <4.312 <14. 591 <14.765 =7.712 =7.853 <18.019 <15.532 <2.281
TR (4.312,6.111) (14.59,15.086) (14.76,15.076) (7.713,7.326) (7.853,7.501) (18.02,19.216) (15.53,16. 829)(2.281,3.213)
NV =6. 111 =15.086 =15.076 <7.326 <7.501 =19.216 =16. 839 =3.213
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Fig.7 Fitness function curve using Particle

swarm optimization method
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Table 3 Weight values of evaluation indicators at Table 4 Numerical simulation results of
each point evaluating indicators at each point
i &N i Wik, KPR, x N, JER S/
it KRR« mnEE FE A1 mm mm (m-s7?) MPa
A 0.4978 0.0824 0.1637 0.2561 A 45.18 0.305 0.856 1.89
B 0.5242 0.1975 0.0946 0.1837 B 43.78 2.86 0.782 13.91
C 0.4605 0.2325 0.1126 0.1944 C 38.65 1.78 0.891 14.03
D 0.3352 0.1564 0.1835 0.3249 D 39.83 4.26 0.762 8.49
E 0.3154 0.2177 0.1063 0.3606 E 31.95 4.31 0.887 8.56
F 0.2233 0.3063 0.3517 0.1187 F 38.93 0.46 0.783 15.90
G 0.103 1 0.3115 0.3545 0.2309 G 29.23 0.68 0.836 13.88
H 0.6342 0.1062 0.2596 H 32.70 0.812 1.05
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