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Summary

Seepage occurring from cracks developed under operational loads in
concrete or reinforced concrete in non-crack-resistant pressure tunnels has an
adverse impact both on the rock massif and tunnel lining. This report documents
the methodology that has been used for combining static and seepage parameters
with the use of finite element method (FEM).

Based on cycle-iteration calculations crack development and accompanying
seepage flow parameters have been determined to reflect the interaction between
the rock and the tunnel lining (concrete or reinforced concrete). The calculation
process is over when the radial motions of lining (accordingly, opening-closing of
cracks) become stable, to which corresponds stationary seepage regime in massif.
The report presents a general calculation model and certain results obtained during
the investigation of the Enguri HPP Pressure Tunnel.

Different calculation stages and some results are given below for two
options: tunnel with concrete lining (existing option) and tunnel with reinforced
shotcrete (a rehabilitation option). During these calculations, consideration was
also given to the potential use of the cement-grout curtain. For operational loads
the following parameters have been considered: hydrostatic pressure on the inner
tunnel surface and uplift forces within the rock massif. Natural stresses in rock
have not been taken into account. The anisotropy of the rock massif has been
taken into consideration for seepage calculations.

Criteria for estimating the concentration of stress generated during a low-
frequency (long) seismic wave in a rock mass around an unreinforced tunnel are
applied to the superposition of the solution of two flat quasistatic problems in the
theory of elasticity, when on the borders of the infinite act pressing tension
longitudinal wave and the wave of transverse shear stresses.

It is not sufficient to know the stresses caused by longitudinal and transverse
seismic waves separately to estimate the adverse effects of the expected dynamic
load on the tunnel. For this, it is necessary to determine the maximum total stress

at any of its points in the most unfavorable combination of longitudinal and
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transverse waves, their simultaneous action, and finally their assembly with the
corresponding stress of the static field acting in the array.

The corresponding stresses reinforced tunnel for static loads are given to
assess the simultaneous effect of static and dynamic loads, to which it is necessary
to add the maximum stresses caused by longitudinal and shear waves in the most
unfavorable combination from the point of view of strength and stability of the
reinforced tunnel.

As a result of solving filtration task, the parameters in the investigating area
have been determined: pressures, pressure gradients, velocities, quantity and
filtration volumetric forces. Their calculation is of great importance, on the one
hand, for suffosion processes and water losses, and on the other hand, for

determining the forces acting on surrounding rock massif and constructions.
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