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Abstract. A set of programs and GiD customisations is presented, that are used to automatically
perform the pre-processing for the numerical simulation ofshield tunnelling [1,2] based on the
Finite Element Method.

For the development of a simulation software for shield tunnelling within the European Inte-
grated Project TUNCONSTRUCT [3], an efficient and user-friendly modelling tool is needed
to generate the three-dimensional Finite Element model of the shield machine, the heading face
support, the lining and the surrounding soil with often complex geological structures. As the
simulation software is intended to be integrated into a large distributed design support software
framework, several features were requested: The simulation software should be web-accessible
by means of an apparent integration into the client softwareof the design support tool and it
should require as little user interaction as possible.

In order to perform the pre-processing tasks needed for the simulation model, GiD was chosen.
Two important features of GiD in this context are that GiD maybe used in totally silent mode
and that it is customisable to a high degree. This allows for atailored system which may be
batch-controlled for its usage on remote systems. This contribution is focussed on the GiD
customisations made as well as on the set of scripts that are necessary for the remote invocation
and setup of the pre-processor.

1 INTRODUCTION

During the design phase of shield tunnelling projects numerical simulations are a useful (and
often indispensable) tool to provide detailed informationon the response of the tunnel-soil
system for the considered design variants. However, three-dimensional time- and space-discrete
analyses require large efforts for the modelling. Since themodelling effort usually imposes a
significant obstacle against using advanced numerical models in order to improve the design of
tunnelling projects, the numerical analysis of those projects is often limited to rather simple and
in many cases two-dimensional models.

Within the European research project TUNCONSTRUCT [3], an integrated design support soft-
ware (Integrated Optimisation Platform for Tunnelling, IOPT) is being developed, that gives



design engineers the possibility of conveniently considering different design variants and easily
compare their advantages and disadvantages. As part of thisdesign support software, an ad-
vanced three-dimensional Finite Element simulation software (ekate) has been developed. In
this context, the modelling tool presented in this paper allows for a fully automatic generation
of a Finite Element model for specific shield tunnelling projects using GiD.

2 WORKFLOW

Due to the fact that the modeller is intended to run automatically and without graphical user
interaction, several features had to be implemented into the software that perform the required
steps in a robust and silent way. For the implementation of the modeller, several customisations
had to be made inside GiD. Beside the actual problemtype thatallows for the generation of
proper input files for theekate simulation software, further measures have been taken of
which the most interesting are described in detail in Section 3.

(a) geometrical model (b) discretized model

Figure 1: Finite Element model of the shield machine

Since only specific sections of the tunnel need to be simulated, only a limited domain of the
tunnel is simulated at once. Hence, a simulation domain is generated and the complete ground
model is accordingly adapted by means of a user-defined TCL function(see Section 3.1).

The tunnel excavation follows an alignment curve that is defined by a polyline, where each node
is located in the centre of a segmented lining ring. Additionally, the diameters of the cutting
wheel, the shield and the segmented lining elements are given input parameters. Section 3.2
gives an overview on how the tunnel geometry is generated with GiD. The shield machine
is generated as a separate GiD project and included into the final model. It is modelled as a
separate deformable body that interacts with the ground viafrictional contact (see Figure 1).

After all geometrical features of the simulation model havebeen created, the boundary con-
ditions are being applied and the mesh is generated by the automatic mesh generator of GiD.
In order to apply the correct boundary conditions, a surfaceselection algorithm has been im-
plemented as a user-defined TCL function in the GiD problemtype (see Section 3.3). Once the
model has been completely generated it is exported as input files for the Finite Element software
KRATOS [4]. An initial model without a tunnel is stored additionally in order to determine the
initial stress state in the ground. This stress state is transferred to the actual simulation model
afterwards. During the simulation, the mesh is constantly being adapted to follow the current
location of the machine. This procedure makes sure that the excavation process is modelled



correctly, since the elements to be excavated are at the correct position at any step of the simu-
lation.

3 IMPLEMENTATION DETAILS

(a) original geological model (b) simulation domain (c) trimmed model

Figure 2: Trimming of the simulation domain

3.1 User-defined trim function

The geological model consists of a set of volumes representing geotechnically distinct layers
of the ground. These volumes are imported to GiD as a set of ACIS files. In addition to that,
the domain to be simulated is imported. In Figure 2a, the complete geological model is shown.
Figure 2b depicts the simulation domain to be selected from the complete model. A TCL func-
tion integrated to the problemtype is then used to intersectall available geotechnical domains
with the actual simulation domain. Afterwards, the geological representation of the simulation
domain (see Figure 2c) can be used for the generation of the simulation model.

(a) local coordinates (b) cross section (c) aligned copies (d) volume generation

Figure 3: Generation of the tunnel geometry by means of thealign function

3.2 Generation of tunnel geometry

The geometry of the tunnel is characterised by its alignmentand its diameter. The different
steps that are performed in order to create the tunnel geometry are illustrated in Figure 3. The
generation starts with a set of local coordinate systems that are created along the tunnel align-
ment (see Figure 3a). Afterwards, a circle of the same diameter as the tunnel is generated in the
first station of the alignment (see Figure 3b). This circle is, in the third step, copied along the



set of local coordinate systems using thealign function of GiD (see Figure 3c). Finally, the
complete geometry is created as a volume (see Figure 3d).

3.3 User-defined surface selection

The surface selection tool implemented into GiD allows for the automatic determination of
boundary conditions. In order to guarantee a support of the model boundaries that is free of
restraints, all boundary surfaces have to be supported orthogonally to their orientation. Since the
GUI component is switched off during the generation of the model, an algorithm was needed
that automatically detects the bottom, side and top surfaces. This is being done by evaluating
the number of higher entities that are connected to each surface. If there is only one higher
entity defined (i. e. one Volume that owns the respective surface), it has to be a free surface.
Subsequently, the position of the surface is compared to a global bounding box that is calculated
for the complete model. Once the centre point of the surface touches the bottom or one of the
sides of the bounding box, the respective property is assigned to the surface. The remaining
free surfaces consequently form the top surface of the model. The latter is needed in order to
calculate the depth of each point in the model which is employed to predict the virgin stress
state.

4 CONCLUDING REMARKS

The overall work flow and selected implementation details that are used to perform a batch-
controlled pre-processing for the numerical simulation ofshield tunnelling problems have been
presented. It has been shown that GiD, once it is enriched with tailored customisations, is able to
automatically perform pre-processing for complex models without any user interaction. How-
ever, this requires a good quality of the input data, since the user will not be able to manually
fix problems (e. g. in the definition of geometries) during thepre-processing.
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