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Abstract

In finite element simulations of deep tunnels an appropriate selection of the boundary conditions at the border of the model is important.
Commonly, a system with vertically and horizontally fixed boundaries is used for finite element calculations of deep tunnels. In the contribution
the shortcomings of this assumption will be explained and the requirements to the model size, which should be considered for this type of
boundary conditions, are discussed. An alternative approach is also presented, which is derived from a commonly used approach for c and has
been adapted to deep tunnels.
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the tunnel to all boundaries in all directions, because it is assumed

We speak of deep tunnels if the overburden height is much that in this case there is no more influence of the boundary to the

larger than the other dimensions of the model and therefore it is tunnel reveal. The assumption of “all fixed” boundary conditions

not possible or useful to model the whole soil or rock mass located implies in this case that there is not only no influence of the

above. the tunnel. Moreover, the v-arl.atllon .o.fthe overburden stress boundary to the tunnel, but also that the displacements are zero
level in the zone of the tunnel is insignificant compared to the
amount of the overburden stress and therefore the stress level

can be assumed to be constant [1]. All boundaries are assumed to

in a distance of 3*D to the tunnel reveal, which is unrealistic in
many cases. In fact, in this case due to the relatively small distance
between fixed boundary and tunnel, the displacements of the
be fixed vertically and horizontally (Figure 1). For finite element tunnel are smaller than, which can lead to results on the unsafe
model of tunnels often the model size is chosen considering a

distance of 3*D (with D being the tunnel diameter) measured for

side.
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Figure 1: Model of two tunnels with vertically and horizontally fixed boundary, output from [6].
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The solution to this problem can be found in increasing
the model dimensions to have a distance to e.g. 6*D or more,
depending on the properties of the soil or rock mass. Increased
model dimensions lead, however, to a higher number of finite
elements and increasing the model size e.g. by 2, the number of
elements is increased by 4 (2-dimensional model) or even by 8

(3-dimensional model), with consequently higher calculation
times.

However, there is a possibility to avoid the afore-mentioned
necessity to increase the model dimensions. As in use for shallow
tunnels and many other geotechnical applications, a model with
lateral boundaries fixed only in horizontal direction is proposed.
The lower boundary is fixed vertically and on the free upper
boundary is placed an elastic beam. This beam is necessary,
because the stiffness of the soil or rock mass body must be
considered; using only a line or sectional load would imply that the
displacements in the zone over the tunnel would be transferred
more or less directly to the ground surface, which is not realistic
for deep tunnels. This elastic beam has therefore the purpose to
apply the load of the overburden to the model and to simulate at
the same time also the stiffness of the soil or rock mass body over
the tunnel. The specific weight of the beam 7}, with the height
h can be determined from the specific weight of the soil or rock
mass 7 considering the overburden height # and the ground
surface of the model 4 using the following equation:

ypAh=ysAH (D

The specific weight of the beam 7, can be obtained from Eq.

(2):

Yy =7s % (2)

If we consider that the bending stiffness of the upper soil
or rock mass body £;/; (with the Young’s modulus £_and the
inertial moment Is) is equal to the bending stiffness of the beam
Epl, (with the Young’s modulus £, and the inertial moment 7, ),
we can derive Eq. (3):

Eblb = ESIS 3)
with
3 3
Bh BH
=2 = 4
Ty 12 7 s 12 (4)

B is the width of the model. The Young’s modulus of the beam
can be obtained from Eq. (5), which is obtained from Eq. (3) and

Eq. (4):

E,=E, (%f (5)

The proposed model was used for finite element simulations
for the Brenner Base Tunnel (Figure 2). The Brenner Base Tunnel
(BBT) will be the world’s longest tunnel with a total length of
64 km and will connect as a railway tunnel Innsbruck (Austria)
with Fortezza-Franzensfeste (Italy). The Brenner Base Tunnel is
composed of two parallel main tunnels with a diameter of 9 m
and 70 m and a smaller emergency tunnel in between the two
main tunnels, situated 12m below. The system also includes three
underground emergency stations, two connection tunnels to the
existing Innsbruck railway bypass tunnel and also rescue and
access tunnels. The proposed model could be used successfully to
simulate many of the interactions between the numerous tunnel
drives [2-5].
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Figure 2: Model of two tunnels with vertically and horizontally fixed boundary conditions, output from [6].
\ J
Conclusion vertically and horizontally fixed boundaries can be avoided for

With the proposed model with boundary conditions used for
shallow tunnels and fitted with an elastic beam with high specific
weight, the shortcomings of the traditionally used system with
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finite element calculations of deep tunnels [6]. This model has also
the advantage that variable stresses over the height of the model
can be obtained, whereas with the traditionally used system a
constant stress level (the so called far-field stress) depending
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on the overburden height must be imposed for the whole model.

The proposed model was used successfully for finite element

simulations for the Brenner Base Tunnel.

References

1.

Kolymbas D (2008) Tunnelling and Tunnel Mechanics. A Rational
Approach to Tunnelling. Springer, Berlin, Germany:.

Weifner T, Unteregger D, Bergmeister K (2017) Macro Scale Numerical
Modelling for the World’s Longest Tunnel. World Engineering Forum
Rome, Italy.

Bergmeister K, Weifner T (2019) Learning from Complexity -

This work is licensed under Creative
@ @ Commons Attribution 4.0 License
DOI: 10.19080/CERJ.2020.10.555793

10(4): 555793.DOI: 10.19080/CERJ.2020.10.555793.

Geomechanical Back Analysis of Complex Rock Failures of the Brenner
Base Tunnel. Sustainable Industrial Processing Summit & Exhibition,
Paphos, Cyprus.

. Cordes T, Weifner T, Unteregger D, Bergmeister K (2019) Interaction

between Deep Tunnel Drives and Existing Tunnel in Fault Zones
-Modelling Against Reality. Geomechanics und Tunnelling 12(6): 641-
650.

. Weifner T, Bergmeister K (2019) 3D Simulations for the Brenner

Base Tunnel Considering Interaction Effects. ITA-AITES World Tunnel
Congress Naples, Italy.

. Fides (2018) Wintube, Finite Element Code.

Your next submission with Juniper Publishers
will reach you the below assets

e Quality Editorial service
o Swift Peer Review
¢ Reprints availability
e E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

How to cite this article: Tassilo W. The Selection of Suitable Boundary Conditions for Finite Element Simulations of Deep Tunnels. Civil Eng Res J. 2020;


http://dx.doi.org/10.19080/CERJ.2020.10.555793
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/CERJ.2020.10.555793

