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ABSTRACT: Digitalisation in tunnel construction, in particular through tunnel information modelling, enables optimisation in
planning and execution. This work compares different software solutions for the animation and visualisation of rock mass beha-
viour types and evaluates their suitability. Despite limitations in the animation, especially in the representation of transitions
between rock behaviour types, the analysis shows potential for future developments in mechanised tunnelling. Future research
should focus on the integration of logistics and effort values as well as co-operation with digital twins in order to further increase
efficiency in planning processes. Rapid progress in 3D visualisation is necessary to catch up with other construction sectors in

tunnelling.
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1 INTRODUCTION

Construction projects are increasingly being managed digitally
through Building Information Modelling (BIM) and Tunnel
Information Modelling (TIM) to minimise design errors, re-
duce costs and mitigate risks. TIM enables better decision-ma-
king through the integration of various data sources and sup-
ports the entire life cycle of tunnelling projects. Artificial in-
telligence and autonomous systems optimise the construction
process, while visualisations such as VR facilitate under-
standing.

2 THEORY

Increasing digitalisation in tunnel construction is leading to
greater use of modern methods such as Building Information
Modelling (BIM), which is used specifically as Tunnel Infor-
mation Modelling (TIM) in underground construction. TIM
enables comprehensive modelling and management of project
information over the entire life cycle of a structure. The ‘digital
twin’ plays a central role here: it supports the planning,
construction and maintenance of tunnels in real time through
bidirectional data exchange with sensors and IoT technologies.

Visualisation potential lies in particular in the precise mo-
delling of subsoil and geology, which enables improved plan-
ning, risk assessment and decision-making. Digital models
also facilitate the coordination and cooperation of all project
participants and offer opportunities for virtual and augmented
reality applications to better visualise geotechnical conditions.
However, the standardisation of data formats and the accep-
tance of new technologies in the industry remain challenges[1]

Visualisations and the use of VR (virtual reality) as well as the
integration of BIM have already been classified as having great
potential in building construction. [2] This step must now also
be taken in tunnelling.

3 SOFTWARE COMPARISON ANALYSIS

Several software programmes are compared on the basis of
five main categories: User interface and user experience, data
import, animation capabilities, movement along paths and col-
lision, and data export. The programmes analysed include 3ds
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Max, Cinema 4D, Blender, TwinMotion, Lumion and Unity.
Each software is characterised by different strengths, with 3ds
Max and Cinema 4D standing out in particular due to their pro-
fessional features and extensive training options. Blender im-
presses with its open source nature and flexibility, while Twin-
Motion and Lumion focus on user-friendly real-time visualisa-
tion.

In the field of animation, 3ds Max and Cinema 4D offer com-
prehensive tools, while Blender impresses with its modular
structure and customisability. TwinMotion and Lumion, on the
other hand, have limited animation and collision detection
functions. Unity offers a flexible script-based architecture that
makes it possible to create and reuse animations independently
of projects.

In conclusion, Unity is selected as the most suitable program
for the visualisation of an example project due to its flexible,
reusable animations supported by C# and database integration.

4  ANIMATION EINES BEISPIELS

The project selected is Baulos H41 of the Brenner Base Tun-
nel. This construction lot extends from Innsbruck to the village
of Pfons, approx. 15 km south of Innsbruck. The ‘Unity’ pro-
gramme was used after prior evaluation. There are 4 different
GVTs in the construction lot. These were characterised in the
geotechnical report. They are defined in the following table in
accordance to ONORM 2203-1. [3]

Rock behaviour types Description

Grofivolumige gefiige- und schwerkraftbedingte
Ausbriiche, vereinzelt lokales Uberschreiten der
Scherfestigkeit an Trennflichen

GVT 2
(Large-volume structural and gravity-induced
break-outs, occasional localised exceeding of the
shear strength at interfaces)

Spannungsbedingte Neubriiche bzw. Plastifizie-
rung des Gebirges in Hohlraumnéhe, ev. in Kom-
bination mit gefiigebedingten Ausbriichen

GVT 3
(Stress-induced new fractures or plasticisation of
the rock near cavities, possibly in combination
with structure-induced breakouts)
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Spannungsbedingte tiefreichende Neubriiche
bzw. Plastifizierung im Gebirge mit groen De-
GVT 4 formationen

(Stress-induced deep new fractures or plastifica-
tion in the rock mass with large deformations)

Grofivolumige Ausbriiche iiberwiegend im First-
bereich mit progressiven Scherversagen

GVT7
(Large-volume breakouts predominantly in the
ridge area with progressive shear failure)

Tab. 4-1: Superordinate categories of GVTs [4]
4.1 MODELLIERUNG

Abb. 4-1: Visualisation of the geological model

The ground surface is modelled with CIVIL 3D using laser
scan data and extruded in 3D. Geological sections are created
using cross section and tender documents. The model is then
transferred to the Unity programme, using the FBX format for
export. Different rock behaviour types (GVTs) are visualised
in the model and displayed in colour. The tunnel cross-sections
are modelled along the tunnel axis at 1-metre intervals,
whereby the GVTs and their percentage distribution are in-
tegrated

The individual objects are linked together in ‘Unity’. The tun-
nelling machine is loaded into the project as an additional
body. This has the function of visualising the movement within
the tunnel corridor and for collision checking.

Detailansicht

Querschnitt Bohrkopt

Abb. 4-2: Visualisation of GVT 2 in Unity

4.2 ADDED VALUE AND LIMITATIONS OF THE
ANIMATION

The animation of the rock mass behaviour and the movement
of the tunnel boring machine (TBM) along the tunnel axis can
be adapted for other tunnel projects. The TBM is scalable and
only visually relevant. The added value of the animation lies
in the planning and execution phase, in that expenditure values
are visualised, forecast uncertainties are better represented and
logistics are optimised. Limitations include the lack of dyna-
mic reaction of the rock mass and the high cost of particle
effects in future projects.
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5 CONCLUSION

The aim of this master's thesis was to compare different soft-
ware solutions for the visualisation and animation of rock mass
behaviour types in tunnel information modelling. Criteria such
as data import, export and animation options were analysed.
The “Unity’ programme was selected due to its modularity and
programmability and was used for the animation of construc-
tion lot H41 of the Brenner Base Tunnel. The work shows the
potential of animations, but points out limitations such as im-
precise transitions between rock behaviour. This work serves
as a basis for future developments in the field of visualisation
in tunnel construction.

6 OUTLOOK

This thesis examines six programmes for visualisation and ani-
mation in tunnel construction. The animation was only imple-
mented at a basic level, with potential for the integration of
further rock behaviour types and effects. Future developments
should include effort values and logistics to improve usability
via digital twin and database. Extensions to conventional tun-
nelling and deeper studies could facilitate the planning proces-
ses.
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