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Abstract

Excavation of tunnels below the groundwater table changes the hydraulic boundary
conditions, causing flow towards the excavation face. Inflow into a tunnel is generally
influenced by pre-excavation grouting, shotcrete lining, drainage system implemen-
tation, and the hydraulic deterioration of the drainage system. From the perspective of
continuum theory, the groundwater inflow behavior due to excavation is very similar
to the tunnel excavation behavior known as the convergence-confinement method.
The groundwater inflow behavior due to tunnel excavation can be explained by the
hydraulic convergence, while the behavior of shotcrete lining in limiting inflow can be
inferred as hydraulic confinement. This study investigates the hydraulic convergence
and confinement behavior using theoretical and numerical methods due to tunnelling.
It is confirmed that the hydraulic convergence-confinement is exactly the same as the
mechanical convergence-confinement concept. It is identified that the behavior is
governed by the tunnel geometry, grout thickness and permeability, as well as the
thickness and permeability of the support materials, such as shotcrete.
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Qi Qi
(a) Laminar flow (b) Turbulent flow

Fig. 1. Tunnel hydraulic boundary conditions (Joo and Shin, 2014)

B Ao B U i) Alojshe Z71e] elakato]d a4t YIS ksl B g 2] me
G D 2RES U] Alofol2e) 4217 Mg o= Arlstel, B 250 me 22 A5 of
2] 7] vheishad gt

2. E{do| £2|A £ (convergence)-A|0{(confinement)Z{S 0|2
2.1 B{d=2l0f| 2 SEH32| 7+

Eld Z&fo] ke ULl theh oJoka] A5(H3) sthe miiE ol 43l fﬂra’rﬂ"’ <+ el = AA] = ATk (Panet
and Sulem, 1995; Shin, 2007). ¢HH, &J5F2] Yl FH Q]of| AF25]= Tﬂl A A2 FUFO=A, a7
A o] iRt AU Al(free discharge) e TS JEZ A|A| E]‘(Goodman et al., 1965; Freeze and
Cherry, 1979; Fernandez and Alvarez; 1994; El Tani, 1999; Lei, 1999). 27|81 0] thE4 B9 257
& 2191 Goodman et al. (1965) 321> Fig. 2(a)2} &o] §HRet S 52712 7Pdeich ¥H, S-82] 527104
5.5] A-8-&]*= Fernandez and Alvarez (1994) A-2 Fig. 2(b)2} o] WA S &2 7ot A= 3Tt

Aquifer
~Equipotential lines

1.
Streamlines

Streamlines

Equipotential lines
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Fig. 2. Flow conditions for tunnelling
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Fig. 3. Multilayer flow boundary conditions
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Fig. 6. Representative section of parametric analysis

Table 1. Tunnel and hydraulic conditions

Tunnel depth | Tunnel radius | Ground permeability | Lining permeability | Grout permeability | Grout thickness
(H=H,) (r,) (k) (k) (k,) (t,)
35m Sm 1E-06 m/s 1E-08 m/s 1E-07 m/s S5m

3.2 E{do| 2|A £H7{Z(convergence) 4

Hdo| 214 LA FYH AT 4= flol ' Ax, I2RE T, AREIRR-E RT3
Table 22} 20| @@6}9515}. A Hol T2keE T Halel A Rto] tiet IeR-E AR o= RSt &
ALY, SRATE AR AO| DR ZAZARCNA S9S 0olck, webA] £AF-L G 270
=29k vpepdth

Table 2. Analysis cases and conditions of hydraulic convergence
H(m) t, k,/k, T
Case A 5, 10, 50, 100, 150, 200 5 0.1 5
Case B 35 3,5,7,9 0.1 5
Case C 25, 35,50, 100 3,5,7,9 1~1x10° 5
3.2.1 g A& 3K Case A)
B A1l mhE 0% WElEIS Fig. 7o BT HUTE AR Zol84E Fleh, Awr) W

208 oVdelR(H/r, >20), Q/ Q, = 0.4 FE2E TR A 22 HEKIT
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Fig. 7. Effect of tunnel depth on water inflow
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Fig. 8. Effect of grout thickness on water inflow
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Fig. 9. Effect of k,/k, (t, =5 m) on water inflow
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Table 3. Analysis conditions of hydraulic confinement

H (m) t] (m) k// ks To (m)
Case 1 35 0.1,0.2,0.3,0.4, 0.5, 0.6, 0.7,0.8,0.9 0.01 5
Case 2 35 0.1,0.2,0.3 1~1x107 5
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Fig. 10. Effect of support thickness (k;/k, = 0.01) on water inflow
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Fig. 13. Effect of tunnel depth (ky/ks =0.1, t, =5 m) on water inflow
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Fig. 14. Effect of grout thickness (kg/ks =0.1) on water inflow
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Fig. 15. Effect of k,/k, (t, =5 m) on water inflow
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Fig. 16. Effect of excavation support thickness (k;/k, = 0.01) on water inflow
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Fig. 17. Effect of k;/k, (t, = 0.2 m) on water inflow
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Fig. 18. Deviation of hydraulic confinement inflow
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Fig. 19. Deviation of hydraulic convergence inflow
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