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Abstract: The study aims to analyze the reliability of water inrush disaster prevention at faces in deep-
ly buried karst tunnels under high ground stress, high-pressure and water-rich conditions. Built upon
existing research and the geological environment, a 3D outburst prevention mechanism for the tunnel
faces, primarily based on shear failure, was constructed using the upper bound analysis method. An
energy equation for the water inrush failure process was established based on the principle of virtual
work rate. The Hoek-Brown strength criterion was used to determine the upper limit solution for the

support pressure required to prevent water inrush in tunnel faces under high ground stress, high-pres-
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sure, and water-rich conditions. Under the state of extreme failure, a limit state equation was estab-
lished based on the support pressure applied to the tunnel faces and the surrounding rock pressure at
the time of water inrush failure. A reliability model for outburst prevention at the faces of deeply buried
karst tunnels was established. To determine the likelthood of water inrush disasters at tunnel faces,
the response surface method (RSM) was applied. The effects of horizontal ground stress, water pres-
sure in dissolution cavities, rock mass strength parameters, and tunnel diameter on support pressure
and potential failure length were analyzed. The minimum support pressure required to prevent water
inrush disasters in deeply buried karst tunnels under different allowable failure probabilities and the
maximum damage length that could be resisted under limited support effectiveness was provided. Ap-
plied to practical engineering cases and compared with existing studies and field results, the findings
confirm the effectiveness of the calculated results, offering theoretical guidance for preventing outburst
problems in similar deeply buried karst tunnels in the future.

Keywords: high ground stress; high-pressure and water-rich; 3D outburst prevention reliability model;

support pressure; failure length
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10 2.2 2.8 3.4 4.1
15 2.2 2.8 3.4 4.1
fos 20 2.2 2.7 3.3 4.0
25 2.1 2.7 3.3 4.0
7 2.2 2.8 3.4 4.1
10 2.2 2.8 3.4 4.1
15 2.2 2.7 3.3 4.0
" 17 2.2 2.7 3.3 4.0
20 2.2 2.7 3.3 4.0
25 2.1 2.7 3.3 4.0
1 2.3 2.9 3.5 4.2
5 2.2 2.8 3.4 4.1
»./MPa 10 2.2 2.7 3.3 4.0
15 2.1 2.7 3.3 4.0
20 2.1 2.7 3.3 3.9
25 2.1 2.7 3.2 3.9
0.6 1.8 2.2 2.7 3.3
0.8 2.0 2.5 3.0 3.7
o/MPa 1.0 2.2 2.7 3.3 4.0
1.2 2.4 3.0 3.6 4.4
1.4 2.6 3.2 3.9 438
0.6 1.7 2.1 2.5 3.1
0.8 1.9 2.4 2.9 3.5
»/MPa 1.0 2.2 2.7 3.3 4.0
1.2 2.4 3.1 3.7 45
1.4 2.7 3.4 4.1 5.0
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Fig.4 Influence of support pressure on failure probabilities under different parameters
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Fig.5 Influence of potential failure length on the probabilities of induced water inrush under support
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Table3 Statistical characteristics I of random

variables® "

REMLAE R MM bRiE2E BRARB/Y AR
y/(kNem™*) 22 1.1 5 IEZ oA
I 20 2.0 10 E& S

m 15 1.875 12.5 IER 41
0./MPa 10 2.5 25 E& A
p/MPa 1 0.15 15 EZ& A
6,/ MPa 1 0.15 15 IER
q/MPa 4 0.6 15 TEA 434

KR ) p 2R 2, HB I U 2 500 52 1
we /o R, 3 4 B AR S THEE 45 2R T LI TR I
R T T SRR K E IR IS

5 BMENAHA

BT E = E B IE BT = 6 R | R 4 bl
WA B A AL E T KER,
W AR 2 B ) R R R K A S AR
i 5T — AR W i A A, HL 22 R A R R gk
B T E N R T S B RSk
BT 5X 3R HE A VA B TR R A S
By 28 55 700 A0 7 1 E AT HE L A5 R LR 5, A SO
R S EER b TS R, b
JE B S R BRI B E T AR SO 4 R Y
ARk

R4 FARBFRBMETZPERMARKBIFKE

Table 4 Maximum failure length resisted by support under different allowable failure probabilities

ﬁ{f?;m
P Wi HVF R HP,)
0.1 0.01 0.001 0.000 1
10 6.4 4.3 2.9 1.8
15 6.8 4.5 3.0 1.9
Los 20 7.3 4.7 3.1 2.0
25 7.9 5.0 3.3 2.1
7 6.5 4.3 2.9 1.9
10 6.8 4.5 3.0 1.9
15 7.3 4.7 3.1 2.0
" 17 7.5 48 3.2 2.0
20 7.8 4.9 3.2 2.0
25 8.2 5.1 3.3 2.1
1 5.9 4.0 2.8 1.8
5 6.7 4.4 3.0 1.9
10 7.3 4.7 3.1 2.0
c.,/MPa
15 7.9 4.9 3.3 2.0
20 8.4 5.1 3.4 2.1
25 9.0 5.3 3.5 2.1
0.6 9.1 6.1 4.5 3.2
0.8 8.2 5.4 3.8 2.6
) 1.0 7.3 4.7 3.1 2.0
1.2 6.5 4.0 2.5 1.3
1.4 5.7 3.3 1.8 0.6
0.6 — — 6.5 4.0
0.8 — 6.5 4.2 2.6
o,/MPa 1.0 7.3 4.7 3.1 2.0
1.2 5.6 3.7 2.5 1.6
1.4 4.6 3.0 2.1 1.3
3.0 4.3 2.6 1.5 0.6
3.5 5.7 3.6 2.3 1.3
¢/MPa 4.0 7.3 4.7 3.1 2.0
4.5 9.1 5.9 4.0 2.7
5.0 — 7.1 4.9 3.4
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S8 THEA5 R /m
ORI VRO T ol XH BT
w0 O Mpa om fen 1 &Jm“)hsfn MPa WMﬂlﬂﬁﬁwm PO e
H/m MPa
=% LB
iH-+“526 800 7.6 9.8X7 0.8 I 26.5 60 9 67.34 8 3.69 3.62  2.5~4.5 3.64
w
T = e %
H+“602 684 7.2 7.3X6.55 1.0 i} 26 60 12 64.04 8 2.98 2.76  2.4~3.0 2.69
b jE 5
iEA4“978 660 9.1 5X5.75 1.0 ] 25.5 70 10 72.94 8 1.41 2515 141
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