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Introduction
Tunnel leakage is one of the most important factors of the ground movement (Zhang et al. 2017).
However, the effect of the loss of fines has not been deeply discussed in the previous study. The
leakage of underground water through the cracks and joints of lining commonly carries fines in the
form of silt and clay from the surrounding ground, i.e. internal erosion (Bonelli and Marot 2011). The
change of porosity due to loss of fines affects the mechanical behaviour of the surrounding soil (Yin et
al. 2014; Yin et al. 2016). Conversely, the change of porosity influences the permeability of the sand
and, therefore, its hydraulic conductivity. In this study, the effect of leakage on the tunnel in sand layer
was investigated numerically with a coupled hydro-mechanical continuum approach, considering the
internal erosion phenomenon induced by the local flows of underground water.
Formulation of the time-dependent physical problem
The mass balance equations are based on the porous media theory (de Boer 2000). The saturated
porous medium is modelled as a system of 4 constituents: the solid skeleton, the erodible fines, the
ÀXLGL]HGSDUWLFOHVDQGWKHÀXLG7KH¿QHVFDQHLWKHUEHKDYHDVDÀXLG-OLNH GHVFULEHGDVÀXLGL]HG
particles) or a solid-like (described as erodible fines) material. Thus, a liquid-solid phase transition
process is considered by a mass production term in the corresponding mass balances. Furthermore,
the flow in the porous medium is governed by Darcy’s law, in which the permeability of the medium
depends on porosity. The mechanical behaviours of the solid skeleton are reproduced by a critical
state based constitutive model (Jin et al. 2016; Yin et al. 2013, 2016), which is able to take into
account the influence of the change of porosity on the mechanical behaviours of the soil during the
process of internal erosion.
Numerical analysis of internal erosion around shield tunnel
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Fig. 1. Problem geometry and leakage location at tunnel lining
The suggested numerical model was conducted to investigate the hydro-mechanical response of an
existing tunnel installed in sand layer and experiencing a local internal erosion due to the leakage of
underground water from the damaged joints or cracks. The tunnel was assumed to have a circular
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shape with an inner diameter of 5.5m and to be constructed at a depth of 10m below the ground
surface. The locations of the leakage points are shown in Fig. 1.
Fig. 2(a) shows the evolution of the fines during the leakage process. Internal erosion took place,
leading to the decrease of the fines which was initially uniform in the whole soil volume. The decrease
was critical in the vicinity of the cavity, which created a highly eroded zone. Furthermore, it is
observed that for two-dimensional simulation, the lower leakage location results in a larger ground
surface settlement, as shown in Fig. 2(b). Moreover, about 50% of the total settlement for 300 days
is produced at very early stage of leakage. This is due to the change of effective stress induced by
the change of boundary condition of pore pressure at the leakage point before the development of
eroded area. After that the settlement keeps increasing and tend towards stabilizing. Significant
increase of bending moment of linings was observed as well.
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Fig. 2. (a)Spatial distribution of fines for the two cases after 300 days of leakage; (b) Time history of
maximum ground surface settlement for different leakage locations
Conclusion
In this study, the effect of leakage on the tunnel in sand layer was investigated numerically with a
coupled hydro-mechanical approach, considering the internal erosion induced by the local flows of
underground water. The investigations indicated that with the development of ground water leakage
and internal erosion, there is an obvious increase in the maximum bending moment in the tunnel
lining and the ground sur-face settlement.
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