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The New Austrian Tunneling Method (NATM), activating a rock support ring through installation of a
shotcrete shell and rock anchors [1], and segmental tunneling enabled by tunnel boring machines
(TBMs) [2], are key technologies for current construction projects all over the world, and particularly
in Austria, where demanding geological conditions and long design lives require reliable, observation-
based structural assessment. “Hybrid methods” [3] combining in-situ measurements with advanced
material and structural mechanics provide novel insight into the load-carrying behavior of such tunnel
linings, in terms of internal forces (stresses, degrees of utilization “stress over strength”) and external
forces (ground pressure and ground shear). As regards the Austrian NATM-tunnels “Sieberg” [4] and
“Stein” [5], geodetic measurements of the positions of reflectors attached to the inner surface of the
tunnel shell enter semi-analytical displacement field evolutions arising from viscoelastic thin shell
theory [6,7], with an inverse analysis providing the forces acting onto and inside the tunnel shell. The
TBM-tunnel “Koralm” [8] is equipped with vibrating wire sensors providing circumferential and
longitudinal strains inside the precast tunnel segments. These measurement data enter a viscoelastic
material model [9], and corresponding stresses are then integrated over the shell generators, so as to
deliver normal forces and bending moments. Circumferential interpolations of the latter are then inserted
into differential equilibrium conditions derived from the Principle of Virtual Power [10], so as to provide
access to external ground action [11].

Corresponding results elucidate surprising features: NATM shotcrete linings behave as flexible systems
rather than monolithic blocks: The shells may even exhibit plastic hinge formation [12] in order to adapt
to heterogeneous ground conditions. Shell-to-ground shear transfer turns out as essential feature to
maintain the utilization degree of NATM tunnels at a moderate level [13]. Jointed ring action of TBM
linings leads to quasi-uniform normal forces and characteristic bending-moment distributions, while
localized multiaxial stress states occur near longitudinal joints. Over the service life of 150 years, the
latter may well stay below the plastic limit, with the longitudinal joints being utilized by 30 to 60%.
Throughout this time period, external ground shear forces may change orientation over time, while the
ground pressure remains firmly uniform [11].
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