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Abstract: The external water pressures of tunnel lining structures and the limited discharge standards are the focus of tunnel
construction in karst mountainous areas. Based on a water-rich tunnel, by using the FLAC® software, the reasonable values of
the external water pressures for the lining structures of the tunnel and the limited discharge standards are studied through the
numerical analysis of fluid-solid coupling. The variation laws of water pressures of the tunnel with displacement without
grouting is analyzed, then the values of the external water pressures of the tunnel and the standards of groundwater discharge
based on the structural safety are proposed. At the same time, the variation laws of the external water pressures of the tunnel
with grouting ring thickness and groundwater discharge under grouting are analyzed, the standards of groundwater discharge
and the reasonable values of grouting ring thickness under different grouting thicknesses are put forward.
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Fig. 1 Theoretical analytical model
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Fig. 2 Numerical model for fluid-solid coupling
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Table 1 Basic mechanical parameters

MEL SRR ks WE BEEM BRNL I
ZF ®/GPa b /KN-m® /() /MPa %

A 1.5 045 1800 24 0.12 020
pare!
’ff 40 030 1900 33 045  0.10
—e/¢
; 295 020 2500 — — 0.05
oY)
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Table 2 Hydromechanical parameters

ZH F TR R
BIERE/(mes ) 2.8X10°¢  2.8X107 %ij;f:;
IR /% 100 100 —
WAAHURL R E/MPa 0 — —
WARER/(KN-m?)  1.0X10° — —
PR E/GPa 2 — —
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Fig. 3 Variation of external water pressure and major principal

compressive stress with discharge
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Fig. 4 Variation of water pressure of linings with thickness of

grouting ring
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Table 3 Values of external water pressure under different flow

conditions and solid-state coupling equilibrium

EHK A5 AN K F1/MPa
[l )5 K=0 K=8.5X K=1.7X K=34X K=5.1X K=6.8X K=8.5X
FE/m 10°m/s 107 m/s 107m/s 107m/s 107 m/s 107 m/s

0 1.58 133 1.15 0.87 0.70 0.59 0.51
1 1.60 1.18 0.95 0.68 0.53 0.43 0.37
2 1.62 1.08 0.83 0.57 0.44 0.36 0.30
3 163 1.02 0.76 0.50 0.38 0.30 0.26
4 1.64 096 0.70 0.46 0.34 0.27 0.23
5 163 092 0.65 0.42 0.31 0.25 0.21
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Table 4 Values of groundwater discharge of tunnels under different

conditions with different grouting ring thicknesses

5 e
JE 5 /m

B3 Hh T K HE R/ (m?-d )

K= K=8.5X K=1.7X K=34X K=5.1X K=6.8X K=8.5X
0 10°m/s 107m/s 10 m/s 10 m/s 10 7m/s 107 m/s

0o — 717 10.75 14.34 16.14 17.22 17.94
—  6.28 8.89 11.23 12.31 12.93 13.34
—  5.69 7.76 9.49 10.25 10.67 10.95
— 5.26 6.98 8.34 8.92 9.24 9.45
4.92 6.40 7.53 8.00 8.26 8.42
— 4.66 5.95 6.92 7.31 7.53 7.66
— 443 5.60 6.44 6.78 6.96 7.08
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Table 5 Control standards of groundwater discharge of tunnels

with different grouting ring thicknesses
EXREEEm 0o 1 2 3 4 5 6
HETCE b
J(m*-d ™

17.22 11.88 9.36 7.87 692 6.20 5.71
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0.59 MPa, N /KHERCR B U ZEK 17.22 m*/d.
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