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Analysis of interaction between surrounding rock and lining
in high water-level tunnels with controlled drainage

WANG Xiu-ying, TAN Zhong-sheng, WANG Meng-shu, ZHANG Mi
( School of Civil Engineering and Architecture, Beijing Jiaotong University, Beijing 100044, China )

Abstracts: To protect the environment and reduce the water pressure on lining as possible, the controlled drainage principle is
proposed in high water-level mountain tunnels. But there is no specification for tunnel design with controlled drainage, so it is very
urgent for tunnel design and construction. The mechanical character of the surrounding rock under coupling of seepage and stress is
studied based on tunnel mechanics and seepage mechanics. The interaction between surrounding rock and lining with different
drainages is studied by using character curve method; and the result is compared with numerical method. The result shows that the
character curve and the support force are different and the effective tangential and radial stresses vary remarkably with different
drainages; so the effect of drainage on the stress of surrounding rock and the support force can’t be ignored. Another conclusion is
drawn that it is unsafe in traditional tunnel design that action of water is not considered during total drainage. All these conclusions
can provide theoretical base for tunnel design with controlled drainage.
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Fig.2 Ground reaction curves with controlled drainage
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Fig.3 Ground and support reaction curves
with controlled drainage

R1 AFAHKET N X AB LY 1,4,=0.6 m)
Table 1 Support resistance and displacement with
controlled drainage (support 1, #,=0.6 m)

K3 AFAHKE TSI RZFMBECY 3, 6,=0.8 m)
Table 3 Support resistance and displacement with
controlled drainage (support 3, t,= 0.8 m)

[ ki Au P P ./ MPa
B /10”m /MPa ¢
M1 0.097 63 0.801 21 0.801 21
o= 0(4x1k) 1.117 79 0.942 60 0.942 60
o= 0.6u(FRHE) 0.075 14 0.616 62 1.096 62
o= u (A=) 0.040 62 0.341 69 1.141 69

BBl K Auy PP
v y 2 P,/MPa

B /10”m /MPa
A 1 0.13226 0.708 91 0.763 89
u=0(%=HE) 0.158 41 0.919 03 0.919 03
o=0.6u:(FRFE) 0.103 57 0.596 98 1.076 98
wo=u (=) 0.058 8 0.325 98 1.12598

K2 AFAHKET RN BB LY 2,4,=0.4 m)
Table 2 Support resistance and displacement with
controlled drainage (support 2, ,=0.4 m)

BB K Auy PP
v § 2 P,/ MPa

B /10%m /MPa
A 1 0.187 29 0.708 91 0.708 91
u=0(%=HE) 0.225 43 0.848 34 0.848 34
1o=0.6u,(FRFE) 0.144 19 0.553 78 1.033 78
wo=u (A=) 0.081 23 0.306 34 1.106 34
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Fig.4 Stress distribution in surrounding rock No.1
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Fig.5 Stress distribution in saturated surrounding
rock with controlled drainage
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Table 4 Radius of plastic zone with controlled drainage

HE KA =0 o= 0.6u; uo = ur [EA 1
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Fig.6 Stress distribution in saturated surrounding
rock with controlled drainage when considering paramters
variation in the plastic zone
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Fig.8 Contour chart of pore water pressure
with controlled drainage
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