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Tunnels in saturated porous

media

During the excavation of underground open-
ings in saturated formations with low perme-
ability, a quasi-instantaneous drop of pore
water pressure is observed in the surroundings
of the opening, as a result of hydro-
mechanical coupling. Whereas this hydraulic
disturbance is a significant phenomenon, it is
relatively unknown and cannot be predicted
by means of methods developed for monopha-
sic media
On the other hand, an approach based on the
mechanics of porous media, that accounts for
the intrinsic properties of the solid skeleton
and of the pore fluid, enables a better under-
standing and quantification of the phenome-
non. In this framework, the LMR carries re-
searches to determine the magnitude of the
hydraulic and mechanical disturbances arising
around such underground openings during
their construction. The work consists essen-
tially in:

* the development of simple analytical solu-
tions based on restrictive assumptions, but
that present the advantage to perform quick
parametrical studies,

* more complex finite element calculations
to account for the coupled character of the
rock mass-supporting structure interaction
problem.

Fig. 1 Instantaneous drop of pore water pressure gen-
erated during the excavation of a tunnel.
Results taken from finite element calculations.
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A Ph. D thesis, supported by the Swiss Na-
tional Science Foundation, is in progress at
LMR. Its aim is to clarify the three-
dimensional aspect of the stability of circular
tunnels excavated at great depth in porous
media having elasto-plastic behaviour (Mohr-
Coulomb failure criterion). Not only should
the equilibrium between the rock mass and the
lining be determined, but also the amplitude of
the hydraulic and mechanical disturbances
brought about around such structures during
their construction. The main factors to be
studied are the lining stiffness, its placement
distance behind the cutting face, its placement
tolerance, as well as the tunnel excavation
speed.

Finite element calculations are carried out for
a two-dimensional axisymmetric configura-
tion. They take into account the sequential
process of tunnel excavation and analyse its
influence on the hydro-mechanical distur-
bances generated in the porous medium.

Then, based on the results and the methodol-
ogy used for the elaboration of simplified de-
sign models in monophasic elasto-plastic me-
dia, the research will endeavour to establish
analogous relationships applicable to tunnels
excavated in porous elasto-plastic media. Fi-
nally, the results of this study will be applied
to a practical case study (underground labo-
ratory HADES in Belgium) and compared to
in situ measurements.
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