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Introduction

This is a paper that discusses, in a practical/empirical manner, the movements – and their
impact on the support measures – which were measured during the excavation of the
top heading of Driskos motorway tunnel (now in operation), during the years 2000 to
2002. The total length of the tunnel is almost 4.5 km and consists of two parallel 12 m
span tunnels. It belongs to the Egnatia Motorway in Northern Greece. The measure-
ments of 37 (3-point) monitoring stations have been analyzed and evaluated. The evalu-
ation has been focused on the measured maximum vertical and horizontal movements,
their rate of development (mm/day) and their relation with the rock mass quality and
support behavior. The driving force behind this discussion has been the observation that
in general, high early (measured close to the excavation front) rates of convergences
(mm/day) have later resulted in failures of the installed support.

Rock Mass, Support Measures

Driskos tunnel has been excavated in the so-called Ionian flysch formation, which mainly
comprises alternations of siltstones and sandstones in various proportions with shear and
fault zones. The thickness of these zones varied from some centimeters to generally, less
than one meter. Ground water has almost always present, in the form of drops or small
inflows through faults and sheared/fractured zones. At the section under consideration,
the tunnel has been excavated sequentially in two stages, which means top-heading and
bench. Support classes (III and IV) have been applied throughout most of the tunnel’s
length and provided a basis for the correlation of the geo-monitoring data, before the
implementation of additional measures.

Geomonitoring Results

The movements observed, during the excavation of the top heading of the tunnel, have
been measured at three point convergence stations. For a length of almost 2.0 km of
excavated tunnel, the convergence results from thirty seven (37) stations have been
evaluated together with the support class applied, rock mass conditions, geology and
ground water, overburden and observed behavior of the shotcrete shell. To evaluate the
rock mass conditions during construction, for this particular part of the tunnel, the RMR
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classification system has been used. There is a general tendency of the movements to
increase when RMR values decrease. There is also a tendency of the movements to in-
crease with the increase of the overburden. The rate of the early movements has proved
to be very well correlated with the history of the measuring station and the behavior of
the ground/support system. Cracks in the shotcrete shell start to develop when the
vertical movements exceed the value of 40 to 50 mm or ~1% of the 6m excavation
height. This behavior has been associated with a rate of an early movement of almost 0.3
cm to 0.4 cm per day. Higher rates resulted in more extensive damage to the shotcrete
shell.

Shotcrete Shell Performance and Back Analysis

The deformations resulted in cracking of the shotcrete shell for almost 220 m of the
tunnel’s length. Apart from the cracks, the challenge – in this tunnel part – has been
the anticipated development of movements during the excavation of the tunnel
bench. The top heading had to be strengthened by means of additional measures,
before the commencement of the bench excavation. Based on the monitoring data, a
detailed back analysis design has been performed. The method selected to improve
the stability of the excavation, included an improvement of the rock mass by means of
grouting, installation of additional anchors and excavation of the bench with a small
excavation step.

Aspects of Empirism

The early rate of development of the movements of the shotcrete shell depends mainly
on the rock mass strength, its speed of failure, its creep potential and the strength/
stiffness development of the shotcrete shell. Generally speaking, the associated question
as regards the behavior of the support is whether the young shotcrete will be strong
enough to withstand the early geostatic loads. In the context of this discussion, the rates
of the development of strains, α, have been plotted against the ratio σ

cm
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o
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strength/in situ stress (= overburden x unit weight)]. The higher correlation (R = 0.81) is
described by the logarithmic equation (1).

Equation (1) of this curve is an example that predicts – for a 12 m span tunnel and for

(1)α = 2,13 ln
σ
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0.70.

the given “set” of support measures – the early rate of strain development and the subse-
quent potential for shotcrete failure, from the ratio σ
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o
. Of course, different support

measures/method of excavation and related parameters will result in different curves and
this is an issue that is related to the evaluation of more data. Generally speaking, this
equation proves that the poorer the rock mass is and the higher the in-situ stress, the
faster its failure becomes (through the development of creep strains) and the faster the
subsequent load application on the shotcrete shell will be. It illustrates the importance –
when selecting/designing a supporting system for a tunnel in poor ground – of compar-
ing in terms of time, the strength/stiffness development of the shotcrete and the stresses
induced by the rock mass.


