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Tunnels below a groundwater table can be either sealed
or drained. Sealed tunnels do not influence the ground-
water regime; however, the lining has to undertake the
full water pressure. On the other hand, in a drained
tunnel, a seepage flow will be developed. The seepage
flow and pore water pressure developed around the tun-
nels affect the responses of the lining and of the rock
masgs, significantly. Thus, the design of underwater tun-
nels must be based on a powerful analysis, in which the
hydro-mechanical aspects are taken into account. In a
tunnel with permeable lining, the induced seepage forces
can be the most important issue in the design and con-
struction of the tunnel. In this condition, the applied
inward seepage body forces are generated by pore-water
pressure gradients, which are dependent on rock-mass
permeability. On the other hand, the permeability of
the fractured plastic zone around the tunnel depends
upon deformations induced by excavation and applied
seepage forces (strain-dependent permeability). A theo-
retical solution is proposed, in this paper, for analysis of
underwater tunnels, excavated in an elasto-plasti, strain-
softening and Hoek Brown rock material, considering
strain-dependant permeability. The problem is consid-
ered under axial symmetric conditions; thus, the initial
stregs state is assumed to be hydrostatic. For the plas-
tic zone, as the derived analytical equations do not have
closed form solutions, a computer program has been pre-
pared for solving the corresponding equations numeri-
cally and examining the analysis. On the other hand,
the governing equations for the elastic zone are solved,
analytically. The results obtained with the analytical
solution are compared with results obtained with the
hydro-mechanical option in a commercial finite differ-
ence code. The proposed solution is also used to obtain

results and explain the behavior of the tunnel under dif-
ferent hydro-mechanical conditions, when the ground is
assumed to behave elasto-plastically. The results show
that when a pervious lining is used or a drainage system
is employed for the tunnel, the effects of seepage flow and
pore water pressure must be taken into account. Appli-
cation of the proposed method to several tunnel prob-
lems showed that in the case of drained tunnels, seepage
flow causes the in situ effective stress to increase (i.e. a
decrease in stability). Furthermore, it is shown that the
state of stress and the seepage forces must be considered
as dependent parameters, because of the remarkable per-
meability variations induced by the development of the
plastic zone around the tunnel. elasto-plastic

Key Words: tunnel, analytical-numerical solution, seep-
age, strain-dependant permeability.
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