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Reliability assessment of rockbolt reinforced underground structures
influenced by seepage and underground stress field
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Abstract: By taking account of the random variability of initial underground stress, seepage and material properties of both rockmass and rockbolt,

based upon nonlinear stochastic finite element method, a method of reliability assessment is suggested for the safety of undergound structures. By

using the method, the excavation procedure can be simulated step by step. The mean value and standard deviation of displacement and stress of

both rockmass and rockbolt can also be conveniently obtained. Applications to a practical engineering project are given to demonstrate the suggest-
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Fig. 1 3D finite element meshes
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Table 1 Material parameters and slatistical information

HMEZ 1 2 3 4 5 6
S GPa 12 15 15 15 15 15
AR e R 0.1 01 01 01 01 0.1

PEL 7NN 0.25 0.25 0.25 0.25 0.26 0.26
A®/(KN'm™ %) 27.8 27.8 27.8 27.8 27.8 27.8
VAL 1.3 118 1.18 1.18 1.18 1.18
fERRY 0.2 02 02 02 02 02
¢ Y8/ MPa .3 1.7 L7 L7 L7 1.7
¢ BREK 0z 02 02 0Z 02 02
£ Y{E/ MPa .0 1.0 1.0 1.0 10 1.0
[ EREH 0.2 02 02 02 02 0.2
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Fig. 3 The mean value of horizontal displacement
FE R 5 T e 55 1) K P2 B8 d oK, TE I i ik 2
8.0 cm, NS 6.5 em, it — 20 FEIB FEL I 4 7.
0 em( B 3), V= _F3e D3k KT A A8 85 KA 4. 0
em . 57K AL AR B, Y T ) 50 B8 AH X BN, I A
T KR T A R A B 2 [ AL AE N 6. 0 em, I
JGA 5.5 em, it— LGB TR 6.0 am( B 5) .
A LA, V8 AT X [ AR T B S e 24 1 L Y

0. 00

sk B ¥ R 2000 4
10% it .

0.95

_ 0,86

o 0.7

0. 67

400 0.57

0.47

- 0.38

Sl OI 23

-.1 ] 0.19

300 | ) Wi N— | B v

100 150 200 250 300 350 400 :r‘.<.1|_ s

4 KFEEBIREE(BAL: )

Fig. 4  Standard deviation of horizontal displacement
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Fig.5 The mean value of vertical displacement
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Fig. 6 The standard deviation of vertical displacement
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Fig. 7 Reliability index of surrounding rock

H1 T REALER 2K 85 i, 7K RLRS AT g H 3L A $ R iR

ORAB R AR R VR 00T 0 D00 35, e 07 4% bt 22 O



%6 1] X

2 MRS PR O 5 R 2 I R TS B 715

1. 0 em, NS JG N 0.9 em, 33— (& a7 88N 0.
95 em( &1 4) . HYIEALF AT fE B IR IR I 85 KA R A AE
AR E R T, ISR 0.9 em, MBS N
0.8 em, FIB AT EI 7 0. 85 em( E 6) . WTLLE H, hn
HEAAT Rl 1 LS AR B3 E, dE T RS
B R B A0S . AR LA, Bl AR i bR v 22
LUNER 6% ~ T% . 15 i far 220 B HLE 51 1) Fl
HARTERRHE ZE L) S bR HE 22 R 6% ~ 1%, Y1978
TESME SR 0. 4% ~ 0.5% . B 7 45 7 e i =
FEA PTSE4R AR TH S AE L . 456 A B X 40 A5 (&
8) FI LA t, A SEdR bR /N X S/ A X, 3 gy
AE ] S RERIR AR AT AV AL AR =S R
5 TR PR 4 DX 45 LA % 8 8 TS it O 3 38 3 [X 3, 7
AR () TOT A AN AR A A 2 38 43 DXt Hf RSB X
FEIE X 2 8] A AH T 5T

450. 00

400. 00 |

350. 00

300. 00

100. 00 200. 00

300. 00 400. 00
El8 EAERRXE
Fig. 8 Failure domain of surrounding rock
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Fig. 9 Mean value of rockbolt stresses
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Fig. 10 Standard deviation of rockbolt stresses
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