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Study on the water pressure distribution characteristics
of tunnel lining and pressure-reducing capability of
the drainage system in water-rich areas

CHEN Xinpeng', WANG Chaoyi', LU Feng’, LI Linlong”, ZHAO Feilong',
XIONG Cheng', LUO Chongjun', MA Kaimeng®
(1. Guangxi Road Construction Engineering Group Company Limited, Nanning, Guangxi 530001, China;

2. School of Emergency Management, Xihua University, Chengdu, Sichuan 610039, China;
3. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China)

Abstract: In order to study the pressure-reducing capacity of the tunnel drainage system in the water-rich areas, a three-
dimensional fluid solid coupling numerical model was established using FLAC3D software based on the Fenghuang No. 2 tunnel
of the Hezhou Bama Expressway (Laibin to Du'an section). A new comprehensive evaluation method for the pressure-reducing
capacity of drainage system was proposed to investigate the influence of three factors including the distance between
circumferential drainage blind pipes. the ratio of permeability coefficient between surrounding rock and initial support, and the
height of water head on the pressure-reducing capacity. The results show that the circumferential blind pipe has a significant
reducing effect on the water pressure of the lining arch ring. The water pressure at the lining arch and side wall is relatively
high, only lower than that of the inverted arch. When the distance of the blind pipes is 3~5 m, the water pressure at the top
of the lining along the longitudinal direction of the tunnel exhibits an "M" shaped variation trend. However, when the distance
of the blind pipes exceeds 5 m, the pressure reduction effect of the blind pipes begins to significantly decrease, and the variation
characteristic of water pressure along the longitudinal direction of the tunnel changes to a "flat-topped mountain" shape. The
pressure-reducing capacity of drainage system was evaluated by comprehensive stress index and pressure reduction coefficient,
obtaining a prediction formula for the system pressure-reducing capacity. The maximum prediction error is 8. 25% , indicating
a high level of accuracy. The impact of the three factors on the pressure-reducing capacity is in the following order: the distance
between circumferential blind pipes > the ratio of permeability coefficient between surrounding rock and initial support > the
height of water head. The larger the ratio of surrounding rock to initial support permeability coefficient is, the lower the
pressure-reducing efficiency of the drainage system is. It is necessary to reduce the distance between blind pipes or reinforcing
the surrounding rock with grouting to increase the pressure-reducing efficiency of the drainage system. Taking into account
multiple factors and the variation pattern of pressure-reducing capacity, construction period, and cost, it is suggested to set the
distance between circumferential blind pipes at 5 m for this project. The proposed comprehensive evaluation method for the
pressure-reducing capacity of the drainage system demonstrates good applicability, providing significant reference for the design

and construction of the waterproof and drainage system of the water-rich tunnel.

Keywords: tunnel engineering; water-rich tunnel; distance between circumferential drainage blind pipes; permeability coeffi-

cient ratio; height of water head; evaluation of pressure-reducing capacity
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Fig.2 Groundwater situation during tunnel construction
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Tab.1 Physical and mechanical parameters
2T | B/ GPa i/ (kN/m*) 3% 1/ MPa HELV Y P EE S 11/ (D) SN e BBERE
IV 2 Bl 3.0 22.8 0.1 0.3 23 0.35 1x10 422
LR USR] 28.0 19.0 2.5 0.2 45 0.25 110 %23
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Tab. 2 Calculation condition

T 1) H & A/ m A 9 1R KA /m FECT b by CA N D

1 3

2 1
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Tab. 3 Statistical table for unit length water pressure accumulation p,

MPa + m”
o K Sk v B ANRB BRI TN p,

B] 5/ m Iy /m 50 100 200 400 600 800
10 0. 96 1.14 1.16 1.32 1.43 1.49

3 30 2.44 2.75 2.84 3.26 3.84 3.96
50 3.86 4.37 4. 67 5.62 6.10 6.43

10 1.27 1.27 1.29 1.42 1.57 1.66

4 30 3.09 3.12 3.18 3.51 3.85 4.05
50 4.92 4.98 5.09 5.61 6.15 6.47

10 1.41 1.41 1.42 1.44 1.54 1.63

5 30 3. 46 3.49 3.54 3. 62 3.86 4,07
50 5.53 5.57 5.66 5.81 6.20 6.53

10 1.72 1.72 1.73 1.73 1.73 1.78

6 30 4.23 4. 24 4.26 4.29 4.31 4.41
50 6.75 6.77 6. 80 6.86 6.91 7.07

10 1.81 1. 90 1.97 2.00 2.01 2.01

8 30 4. 48 4. 68 4. 82 4.88 1. 89 4.91
50 7.17 7.49 7.70 7.80 7.81 7.82

10 1.82 1.91 1.98 2.01 2.01 2.02

10 30 4.49 4. 69 4.83 4.89 4. 90 4.92
50 7.18 7.51 7.71 7.80 7.81 7.82

10 1.84 1.91 1.98 2.01 2.03 2.02

12 30 4.55 4.71 4.84 4.92 4.95 4.94
50 7.34 7.59 7.79 7.91 7.95 7.93

10 1.91 1.92 1.98 2.02 2.04 2.05

15 30 4.88 4. 88 4.99 5.09 5.13 5.16
50 7.87 7.88 8.05 8.20 8.26 8.29
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Tab. 4 Statistical table of pressure reduction coefficient Y,
Wom & K Sk v B ARIBERBILTHY,

[E] 5/ m Iy /m 50 100 200 400 600 800
10 0.415 0.471 0.490 0.550 0.591 0.617

3 30 0. 424 0.479 0.497 0.578 0. 682 0.751
50 0.424 0.479 0.508 0.607 0.703 0.775

10 0.523 0.526 0.535 0.588 0.671 0.723

4 30 0.538 0.544 0.556 0.622 0.703 0.770
50 0. 540 0.546 0. 560 0. 627 0.710 0.779

10 0. 581 0.580 0.591 0.604 0.657 0.710

5 30 0. 603 0.607 0.618 0.642 0.705 0.772
50 0.607 0.612 0.624 0. 650 0.715 0.786

10 0.710 0.711 0.717 0.727 0.741 0.774

6 30 0.737 0.738 0.744 0.761 0.787 0.838
50 0.742 0.743 0.749 0.767 0.797 0.851

10 0.747 0.786 0.816 0.839 0.858 0.877

8 30 0.780 0.816 0.843 0. 866 0.893 0.934
50 0.788 0.822 0.848 0.871 0.901 0.942

10 0.751 0.790 0.821 0. 844 0.861 0. 882

10 30 0.782 0.817 0. 844 0. 868 0.895 0.934
50 0.789 0.824 0. 850 0.872 0.901 0.942

10 0.762 0.790 0.821 0. 844 0. 865 0.884

12 30 0.793 0. 820 0.47 0.873 0.902 0.937
50 0. 806 0.833 0.858 0. 884 0.917 0. 955

10 0.788 0.791 0.821 0. 849 0.872 0.895

15 30 0. 850 0. 850 0.873 0.903 0.937 0.979
50 0. 864 0. 865 0.896 0.916 0.953 0.997
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Fig. 4 Water pressure distribution at the arch of the lining
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Fig. 5 Water pressure distribution at the inverted arch of the lining
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Fig. 6 Distribution characteristics of water pressure in the lining along the longitudinal direction of the tunnel
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Fig. 9 Influence of the ratio of surrounding rock to initial support permeability coefficient
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