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Poland’s longest underwater tunnel thus far,
the Świna (English Swine) Tunnel, is currently
being built between the islands of Uznam and
Wolin in the city of Świnoujście. More than
50,000 heavy-duty fixings by fischer have been
used to reinforce the tunnel.
Read about fischer heavy-duty fixings to secure
the Świna Tunnel on page 31 and 32.

9

https://www.fischer-international.com/en/

The article describes the expertise and experience acquired from modelling on 3D, 4D and 5D levels as part of the BIM planning of a deep-level pit excavation. The focus is on the practical integration of geotechnical calculation software and the modelling of building times and costs.
Geotechnics • BIM • Excavation pit • Modelling
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15

Racquel Nottingham and Freddy Lopez

Landslides have been and will be a perpetual and reoccurring hazard worldwide. The extent of damage can range from minor losses in forested areas to
complete death and devastation in cities. South and Central American countries are particularly vulnerable to landslides. In 2001 a strong earthquake hit
the region and devastated El Salvador, particularly the Santa Tecla region where thousands of people died. Mitigation is the key to success for landslides
and it has been made possible in different ways. This paper discusses the failure and proposes a solution using Ischebeck Titan self-drilling soil nails with
a high-strength reinforcing mesh on the slope surface.
Geotechnics • Natural disaster • Landslide • Risk • Reinforcement • Micropiles • El Salvador
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Fischer heavy-duty Fixings secure Świna Tunnel on Poland’s Baltic Coast

21

Fischer Group

Poland’s longest underwater tunnel thus far, the Świna Tunnel, is currently being built between the islands of Uznam and Wolin in the city of Świnoujście.
The tunnel below the river Świna will connect the coastal region more closely to the rest of the country and the world. More than 50,000 heavy-duty
fixings by fischer have been used to reinforce the tunnel.
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Malaysian Tunneller makes clean Sweep of Global Tunnelling Awards in 2021

23

MMC Gamuda

The major project KVMRT Putrajaya Line in Malaysia has been recognised by prestigious industry awards. MMC Gamuda could demonstrate its extensive
experience in managing all phases from engineering, to procurement , construction, and comissioning.
Tunnelling • Award • Mega project • HSE • TBM • Innovation • Malaysia
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Despite Corona: STUVA Conference 2021 a complete Success
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STUVA e. V.

With well over 1,000 registered participants, numerous exhibitors and hundreds of trade visitors, the STUVA Conference 2021 at Messe Karlsruhe did not
set a new attendance record, but in view of the pandemic situation the number of participants was overwhelming.
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Christoph Müller

Automated trackless trains and vehicles offer efficient, flexible and emission-free transport solutions for tunnelling and mining.
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Increasing the Resilience of Underground Public Transportation Systems

29

Christian Thienert, Christophe Willmann, Christophe Chaize and Annie Pauzie

This paper presents some interesting results from the research project “U-THREAT”, which has intensively dealt with the question of how to further
increase the resilience of underground public transportation systems in crises. It includes a corresponding evaluation within the framework of a largescale exercise in the Lyon metro (France) combining a fire fighting and an evacuation exercise and the communication between different institutions
and actors.
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The mining-equipment Suppliers of NRW are helping to shape sustainable Development in many Sectors
– even in China
35
Peter von Hartlieb

SMEs have the expertise and commitment to innovation that is needed to tackle the challenges that now face our society. They can contribute to
sustainability in many sectors of industry around the world, even in China, as highlighted by these examples of the work of SMEs based in North RhineWestphalia (NRW).
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Mining to extract Gold – Groundwater Protection with HDPE Geomembranes
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Agru Kunststofftechnik m.b.H.

Dump leaching is used in an opencast mine in Kazakhstan. In order to protect the groundwater, a large area had to be sealed with geomembranes
against aggressive media.
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Sustainable Solutions from Rolls-Royce for Mining

39

Rolf Behrens and Silke Rockenstein

Rolls-Royce Power Systems is a provider of sustainable power solutions for, among others the mining industry. The company helps customers to reduce
emissions and to achieve climate neutrality. Rolls-Royce Power Systems is on a development path from engine manufacturer to system provider. This
article describes the application of sustainable fuels and carbon-free technologies in mining.
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Possible Effects of Dust and harmful Gases on Underground Fans

41

Jens Kegenhoff

Ventilating fans intended for use below ground have to be deemed ‘fit for purpose’ and they must be designed in a way that takes account of the proposed operating conditions. Practical experience with fan systems has pointed to the negative impact created by dust and gases, a factor that is often
overlooked at the equipment planning and assessment stage.
Mining • Tunnelling • Ventilation • Mine fans • Sustainability • Efficiency
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Innovative components, precise calculation methods, many years of experience and digital planning tools optimise belt conveyor systems for bulk materials and expand their areas of application in the mining and other industries.
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“Necessity is the Mother of Invention” or
“In the Midst of Difficulty lies Opportunity”
GeoResources Team

A

s this year draws to a close, what are we trying
to say with the proverb and the Albert Einstein
quotation in the title? One possible answer is
that the years 2020 and 2021 brought unexpected distress to many of us and that they were very difficult. Another conceivable answer is the other side of the coin:
that these years have resulted in inventiveness, opportunities, and creativity. Complaining, simply focussing on
the negative, is not something we want to keep on doing
– unless we have learned from mistakes or are still learning. Instead, we want to look ahead and take the positive
aspects with us into the coming year 2022.
Once again, it is difficult to make any plans for
next year. Is there any chance that we can regain some
sense of normality after these two extraordinary years?
Is normality as we have seen it in the past at all meaningful and worth striving for? Or do we want or need
to change things in order to solve the global, national,
and regional economic, social, and environmental challenges ahead?
We want to stay in close contact with you as authors
and readers – for people, for the shaping of our future,
for beneficial technical innovation and for responsible
behaviour in our respective fields.
In order to do that, we have selected the following
special topics for the issues of GeoResources Zeitschrift
and Journal in 2022 (see also preview on page 50):

▶▶
▶▶
▶▶
▶▶

Focus on people
Focus on the future
Focus on technology
Focus on responsibility

These special topics in the respective issues or quarters
are planned as an interdisciplinary focus to bring together the technical fields of geotechnics, tunnelling,
and mining resprectively raw-materials, all of which we
will deal with regularly and in general terms. We welcome articles on our regular sections and topics, but also
articles that will enrich and bring to life these special
topics. We can hardly wait for your creative ideas!
But for now, we hope that the articles in this issue
of GeoResources Journal 4 | 2021 will be an inspiration
– including the last special topic of this year, “Innovative construction and mining machinery, vehicles and
plants”. This topic should awake your curiosity with its
reporting on many ongoing, creative development activities, and we hope to take these up again next year

Despite all the difficulties, necessity breeds inventiveness and opportunities emerge from difficulties. This edition of GeoResources Journal
presents ideas and creative solutions for major current challenges – and
these are also highlighted in the special topic “Innovative construction
and mining machines, vehicles and plants”.
People • Future • Technology • Responsibility • Geotechnics •
Tunnelling • Mining

under “Focus on technology”. The issue planned for
“Focus on technology” is timed to coincide with bauma 2022, which will present many innovative, sustainable solutions currently in development or testing that
contribute to efficiency or economic viability, to safety,
but also to environmental and climate protection, as explained on the next two pages.
And now a word about us: we too are currently very
active in trying to offer you opportunities for PR and the
exchange of technical ideas and information. We want
to develop these opportunities with you in the coming
year with a focus on people, the future, technology, and
responsibility. We eagerly await your feedback here.
And we send our best wishes and hope you manage
to find some time for reflection to help unlock creative
potential for the new year.
Katrin Brummermann and Manfred König

GeoResources Team
Dr.-Ing. M.A. Katrin Brummermann: kb@georesources.net
Dipl.-Ing. Manfred König: mk@georesources.net

Brummermann and König:
“Necessity is the Mother of Invention” or “In the Midst of Difficulty lies Opportunity”
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An Opportunity to meet face-to-face –
bauma 2022
Klaus Stöckmann, VDMA Mining, Frankfurt a. M., Germany
bauma 2022 showcases future developments
and innovations in the construction, building materials and mining machinery industries. As the
sector’s foremost event bauma has introduced a
meticulous and dedicated hygiene plan designed
to facilitate face-to-face meetings and provide a
platform for interaction and discussion.
A Word on ... • Construction and mining
machinery • bauma • Innovation •
Sustainability • Digitisation • Zero emission

adopt so that the equipment could be properly set up
and commissioned.

Megatrend Sustainability
Recent years have seen a continuous increase in the
environmental performance requirements imposed on
raw materials extraction and construction activities.
Mining companies and building developers are now
required to demonstrate to their investors, and even to
provide proof where doubt exists, that the interference
with and impact on the environment has been kept to
a minimum and that the benefits of the project are being exploited to the full. This principle, among others,
has been incorporated into concept of bauma 2022: the
road to zero emissions.

The Road to Zero Emissions

Fig. 1: Save the date – bauma 2022 is scheduled for October 2022

A

ll eyes are now on the bauma trade fair that is
due to take place in Munich in October 2022
(Fig. 1). This will at last provide an opportunity
not only to showcase the many innovations that have
come to the fore since 2019 but also to promote and
present these in discussions with potential customers –
and of course to win sales.

Megatrend Digitisation
Machine digitisation has progressed rapidly in recent
years, largely spurred on by the corona pandemic.
Where the commissioning personnel were not able to
see their customers in person they were still able to provide support by using virtual media. And if the installation was already on the other side of the world, at a
mine, at a production plant or on a construction site,
the manufacturer could still use video, VR, 3D displays
or other to show the client the correct procedure to
GeoResources Journal 4 | 2021
www.georesources.net

Just as mining is not an individual effort but represents
the achievement of many, so the road to zero emissions
will have to pass through multiple transit points. The
organisers of the bauma trade fair, which includes the
VDMA, have opted to highlight the megatrend phenomena using key themes that provide the main focus
for the show and run like a unifying thread through the
supporting programme. The key staging posts on the
road to zero emissions will be visited over a five-day session to be held in the bauma forum. This begins with an
investigation of the construction techniques and materials of tomorrow, moves on to the development of autonomous worksite machines and the digital workplace
and ends with the ultimate goal of the emission-free
construction process. In the centre of all this is the production of the resources that are needed for these operations, which means materials and equipment through
to the digitisation of the processes involved: the theme
here is ‘Mining – sustainable, efficient, reliable’.
The five main trend topics are covered over five
theme days by way of presentations that examine the
relevant topic area from different perspectives. Contributions from the construction and mechanical engineering industry, from universities and start-ups and
also from industry organisations serve to illuminate
every aspect and every angle of development. The five
trend topics are:
▶▶
▶▶
▶▶
▶▶
▶▶

The road to zero emissions
The digital worksite
Construction techniques and materials of tomorrow
The road to autonomous machines
Mining – sustainable, efficient and reliable
Stöckmann:
An Opportunity to meet face-to-face – bauma 2022
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Innovation Award has new Categories:
Digitisation and Climate Protection

Open Platform Communication –
Unified Architecture (OPC UA)

The various contribution entries for the bauma innovation award run like a common thread through all
the theme days. The competition categories have been
adapted to suit current developments and two new
fields (digitisation and climate protection) have been
included. The five categories now comprise:

When seeking to automate processes in a heterogeneous
machine environment it is crucial to specify a harmonised, vendor-independent, open and standardised ‘machine language’. The member companies of the mining
suppliers association VDMA Mining have agreed to use
OPC UA (Open Platform Communication – Unified
Architecture) as the standard communications model.
This standard, which is both platform independent and
vendor neutral, boasts Industry 4.0 architecture and is
already commonly used in the manufacturing sector.
Interoperability in machine-to-machine communications represents a key technology for individual machine-based process automation in this field and for the
creation of new business segments for the supplier industry. Equipment manufacturers and users have come
together on various working groups (longwall, mobile
machines, belt conveying, processing and IREDES) to
set up the Companion Specification Mining initiative,
which is led by the VDMA Mining with support from
the Institute of Advanced Mining Technologies (AMT)
at RWTH Aachen University. The initial results of this
venture are to be published at bauma 2022.

1.
2.
3.
4.
5.

Climate protection
Digitisation
Mechanical engineering
Construction
Research

The final date for the submission of applications is 3rd
May 2022.

New creative Opportunities through
Digitisation
Each theme area shares a common element – digitisation. This well-worn buzzword refers to nothing more
than a tool whereby all kinds of nice ideas can be put
into practice. It is evident here that the options available for mechanical systems to effect radical changes are
fairly limited. Having said that, even the most ingenious
IT solution will get nowhere without the help of mechanics in the broadest sense. The chip has to fly off, the
torque has to be transmitted and the impulse has to be
converted into action.
Digitisation means new creative opportunities and
hence new business models. Service providers whose
business is solely based on information have known that
for years. In the multifaceted world of production engineering customers who have installed machines and
equipment from different manufacturers, as these represent the best available technology or solution for their
particular purpose, are often faced with the problem of
linking these all together so that the production process
can run smoothly at the critical interfaces.

bauma 2022 will be a rewarding
Experience
A visit to bauma 2022 is sure to reap dividends. In addition to the headlines outlined above the fair will have
much more to interest and inspire you, such as sustainable technologies for spoil-tip processing, energy efficiency in mineral preparation and the option of alternative drive systems based on hydrogen and battery power.
bauma 2022 can demonstrate potential solutions to
challenges of this kind and point the way to a low-emission and emission-free future. Zero Emission appears to
be within our grasp.
Make the most of your visit to bauma 2022 where
all kinds of new ideas are waiting. I look forward to
meeting you face to face.
Klaus Stöckmann, VDMA Mining

bauma 2022
bauma 2022 will be held from 24 to 30 October
2022.
For information on the trade fair go to:
https://www.bauma.de/en/
For information on the bauma innovation award
2022 go to:
https://www.bauma-innovationspreis.de/en/
th

Stöckmann:
An Opportunity to meet face-to-face – bauma 2022
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Klaus Stöckmann
is Deputy Managing Director of VDMA Mining,
Frankfurt a. M., Germany
Contact:
klaus.stoeckmann@vdma.org
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Bavarian 2021 Lighthouse Project
Geothermically activated mixed-in-place
Ground Improvement Method (MIP)
Bauer Group, Schrobenhausen, Germany
Bauer Resources GmbH and Bauer Spezialtiefbau GmbH have been distinguished as 2021 lighthouse project by the Cluster of Environmental
Technologies Bavaria.
Geotechnics • Geothermal Energy • Innovation • Sustainability • Foundation

Progress lives on vision, and innovative ideas require
support. For this reason, the Cluster of Environmental
Technologies Bavaria (Umweltcluster Bayern) is committed to awarding a lighthouse project every year that
makes an exemplary contribution to the development of
environmental technology in Bavaria. In 2021 the quality seal went to Bauer Resources GmbH for the geothermically activated mixed-in-place ground improvement
method (MIP) – a particularly sustainable way of generating energy. “This resource-efficient, energy-efficient
and environmentally friendly technology is pioneering
in all respects; for that reason, the Umweltcluster is
thrilled to name it as the 2021 lighthouse project”, says
Alfred Mayr, Managing Director of the Umweltcluster.
The novel concept is based on the MIP method developed and patented by Bauer, which has been used
successfully for more than 25 years to create retaining

Fig. 1: Bavarian 2021 Lighthouse project
Source: Guido Anacker

Fig. 2: Geothermal activated MIP wall – otl in winter
mode and otr in summer mode
Source: Bauer Group

GeoResources Journal 4 | 2021
www.georesources.net

structures for foundation measures and for flood control.
So far, approximately 650 sites have been outfitted with
more than 2.6 million m² of MIP walls. What makes this
project unique: In contrast to conventional specialist
foundation engineering methods that require soil removal, the MIP method involves producing the construction
material on-site using the existing soil. Using a triple
auger developed by Bauer, the existing soil is broken up
and the binder slurry is inserted. During the subsequent
homogenisation process, the direction of rotation for the
individual augers is varied in order to circulate material
in the trench and optimally mix the soil material with
the binding agent. “The method is impressive not only
from an economic standpoint, but also in terms of sustainability”, emphasizes Dr. Frank Tidden, Sales Manager
at Bauer Resources GmbH. “It significantly reduces the
quantity of construction material delivered, such as gravel and concrete, while also cutting back on the quantity
of excavation material removed from the site.”
The further development awarded by the Umweltcluster enables geothermal activation of the retaining structure constructed using this method. This was
constructed and tested in collaboration with Bauer
Spezialtiefbau GmbH using a model project, an apartment building with 14 residential units in the town of
Füssen. A 40 cm thick retaining wall was constructed
here. While the soil mixture was still fresh, the geothermal loops fixed on steel beams were set into the wall.
After this, they were connected to the building’s heat
pump system via a network of pipelines. In the summer,
the heat generated by thermal roof collectors is drawn
into the ground, and in the winter, the stored heat is
extracted from the ground. The method is simple but
effective: “By geothermally activating the ground with
the installed heat pump through the MIP wall, roughly
5.5 kW of heat were generated with an electricity demand of 1 kW”, says Dr. Frank Tidden.
In addition, development using the MIP method
involves little additional effort, since laborious geothermal drilling and expansion with geothermal probes
can often be completely eliminated. “This considerably
reduces the consumption of resources, the investment
level and the energy expended. And last but not least,
geothermally activated MIP walls are subsidized under
the funding guidelines for energy-efficient buildings”,
concludes Dr. Frank Tidden.

Bauer Group
Contact: info@bauer.de

Bauer Group:
Bavarian 2021 Lighthouse Project – geothermically activated mixed-in-place Ground Improvement Method (MIP)
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BIM for multi-dimensional nD Modelling
of deep Excavation Pits
Janosch Sauerbrey, M. Eng., CDM Smith Consult GmbH, Bickenbach, Germany
Prof. Dr.-Ing. Jürgen Schmitt, Hochschule Darmstadt University of Applied Sciences, Germany
Dr.-Ing. Hendrik Ramm, CDM Smith Consult GmbH, Bickenbach, Germany

1 Introduction
Building Information Modelling (BIM) is a working
methodology in which a digital model of a building
project is depicted along with all the data required during the entire building life cycle. Producing a building
model involves the definition of successive dimensions
that describe the nD levels for the entire BIM lifespan.
Table 1 shows the levels that apply for geotechnical projects as based on [1]. Here the 3D model, for example,
is supplemented by the time factor in the 4D level and
by the associated costs in the 5D level. While sufficient
experience has now been gained in the application of
geometric 3D modelling in the field of geotechnics,
there is still little or no practical experience with the 4D
and 5D levels. As part of a practical application exercise
a continuous digital planning process was therefore undertaken for the BIM model of a deep excavation pit.
This paper presents, elucidates and assesses the information acquired from the integration of the geotechnical
calculation software in the 3D level and the experience
gained with the modelling of the 4D and 5D levels.
Here particular attention is paid to the interfaces in the
individual software applications.

2 Selected Software Applications
Various software applications from different manufacturers were used for the nD modelling exercise. Each
individual software application and its deployment at
various levels is shown in Table 2.

3 D
 etails of the Building Project
and the deep Pit Excavation
A deep pit excavation was planned as part of a project
comprising a building complex of four units with structure heights of up to 75 m. The base area of the pit covered some 10,000 m² (approx. 145 m x 75 m). The excavation was to reach a maximum depth of about 8 m.
As the plot was sited close to a river the water table in
this area was quite high and the bottom 3 m or so of the
pit would be below groundwater level. A foundation pile
wall was therefore established to shore up the excavation
and act as a water barrier. A 2 m-high soldier pile retaining wall was erected at certain points along the foundaSauerbrey, Schmitt and Ramm:
BIM for multi-dimensional nD Modelling of deep Excavation Pits

The article describes the expertise and experience acquired from modelling on 3D, 4D and 5D levels as part of the BIM planning of a deep-level
pit excavation. The focus is on the practical integration of geotechnical
calculation software and the modelling of building times and costs.
Geotechnics • BIM • Excavation pit • Modelling
Table 1:

Geotechnic levels

Level

Elements

3D

▶▶ 3 -dimensional, digital image of the shoring system with additional component
information
▶▶ Collision check

4D

▶▶ L inking of construction activities as represented in the time plans
(construction duration from the model)
▶▶ Simulation of the construction process
▶▶ Assessment of buildability and workflow planning

5D

▶▶ Generation of model and/or object based cost budget over time

7D

▶▶ S ustainability components (in the geotechnics, e. g. in relation to soil and groundwater
contamination)

8D

▶▶ Design and construction relevant safety aspects

Table 2:

Overview of associated software applications

Software

Version

Manufacturer

Level

Usage

Civil 3D

2019

Autodesk

3D

Ground and subsoil
modelling

Holebase SI
(now: OpenGround)

2019

Keynetix
(jetzt: Bentley Systems)

3D

Add-on module for more
simple and efficient
subsoil modelling

Revit

2020

Autodesk

3D

Shoring system
modelling

Navisworks

2020

Autodesk

3D

Clear 3D display of the
subsoil model

DC-Integra

5.0

DC-Software

3D

Modelling of the shoring
system for subsequent
dimensioning

DC-Baugrube

7.64

DC-Software

(8D)

Dimensional design of
the shoring system

Plaxis 2D

20.3.0.60

Bentley Systems

(8D)

Finite-element
calculation of the
shoring system

Sofistik
Reinforcement
Detailing

2020

Sofistik

3D

Add-on module for
a more simple
reinforcement modelling

iTwo

2020

RIB Software

4D, 5D

Construction time and
cost planning

GeoResources Journal 4 | 2021
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Geotechnics
tion pile wall. In some of the deeper-lying areas the latter
was also secured with a row of ground anchors. The land
in question had previously been an industrial brownfield
site and consequently environmental factors had to be
taken into account during the planning process.

Fig. 1: Ground model for planning the shoring system

4 3D Modelling
The excavation was planned out using 3D modelling.
A model of the existing site was first produced using
Civil 3D software (Fig. 1) and this model was used as
a basis for all subsequent models. The borehole data obtained from the subsoil investigations were transferred
to the Civil 3D infrastructure software using Holebase
SI software. Profile sections were then used to build the
geotechnical subsoil model (Fig. 2). The environmental
subsoil model was created in the same way. The data for
the LAGA subsoil classification and groundwater and
soil-air contamination, which were collected during the
soil survey work, were transferred to the environmental soil model (Fig. 3). After the pit excavation model
had been constructed in Civil 3D a model of the shoring and lining system was finally created using the Revit
software (Fig. 4).

5 Geotechnical Calculations

Fig. 3: Environmental subsoil model

Two software applications – DC-Baugrube and Plaxis –
were used for the design and geotechnical dimensioning
of the shoring system.
DC-Baugrube software is used for preparing proof
of stability and for dimensioning pit shoring systems.
Plaxis is a universally applicable finite-element package
designed for analysing stresses and shifts in subsoil and
rock.
In order to deploy DC-Baugrube the data on the
shoring system first had to be transferred into the DCIntegra software tool. DC-Integra can be used to input
the layout of the excavation as a dxf file along with surface points as a txt file. Both the shoring system and the
simple subsoil models can be modelled in DC-Integra
on the basis of these fundamentals. Profile sections
generated from the model can be used to produce a
design in DC-Baugrube. The 3D model (without the
reinforcement) can then be transferred to Revit using
an IFC format. Fig. 5 shows an example of such an IFC
file (blue) produced for the shoring model in the Revit
environment.

Fig. 4: 3D model of the shoring system

Fig. 5: IFC export from DC-Integra

Fig. 2: 3D view of the subsoil model
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One interesting approach that can be used for the
efficient application of the DC software is to model the
shoring system first in DC-Integra at the start of the
project, then calculate the different positions and finally
export the shoring as an IFC file. The latter can then be
imported into Revit and remodelled for use in subsequent planning operations. Using the DC software to
produce a subsoil model for the design and dimensioning work is not an efficient course of action. However,
it is advisable to import the existing drilling points in
DC-Integra so that these and the associated drilling
profiles can at least be used to produce rough models of
the subsoil. The pros and cons of the DC software are
summed up in Table 3.
As well as assessing the DC software the planning
exercise also examined the Plaxis 2D and Plaxis 3D programs with a view to their potential application as part
of a BIM project. To this effect a profile from Revit was
imported into Plaxis for calculation purposes (Fig. 6).
However, this operation cannot be done directly. The
profile first has to be exported from Revit as a dxf file
and then matched to Autocad before being inserted
into Plaxis. Here it should also be noted that only the
geometric data can be taken over from the model. The
soil parameters have to be incorporated into Plaxis
separately. What is more, the data from Plaxis cannot
be restored to Revit. An assessment of Plaxis is given in
Table 4.
Plaxis can be used time and again throughout the
entire planning process to calculate specific shifts in
the system. However, importing the geometrics is a
laborious process and the results cannot be returned
automatically to the central model but have to be input
manually. Here one might also question whether it is
worthwhile integrating the shifts from Plaxis into the
central model.
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Table 3:

Assessment of the DC software

Pros
▶▶
▶▶
▶▶
▶▶
▶▶

Predefined shoring types (combinable)
Simple handling of functions
Rapid and easy design of components
Rapid and easy output of results
Automatic generation of all required proofs
and if necessary checking for plausibility
▶▶ Calculated shoring can be exported

Cons
▶▶ Import of subsoil models not user-friendly,
not practical for many ground points
▶▶ Subsoil modelling is time consuming
▶▶ Object snaps for points from dxf layout plans
are not consistently functional
▶▶ Control elements are in part unclear
▶▶ Calculation parameters are not fully
displayable in DC-Integra -> adjustments still
have to be made to the calculation profile
▶▶ Large number of files (folders are unwieldy)

Fig. 6: Calculated cross section in Plaxis 2D software
Table 4:

Assessment of Plaxis 2D

Pros
▶▶
▶▶
▶▶
▶▶
▶▶

Any type of dxf file can be imported
Import of IFC files is possible
Easy handling of functions
Clear and concise working window
Universal geotechnical calculations are
possible

Cons
▶▶ Shoring system cannot be exported
▶▶ Results output is time consuming and has to
be done separately
▶▶ Proofs not displayable as results
▶▶ Impreciseness and/or double lines in the dxf
file cause problems in Plaxis and these can be
time consuming to resolve
▶▶ Transfer from Revit to Plaxis is laborious

6 Modelling the Pile Reinforcement
The foundation pile reinforcement can be modelled
in Revit without any additional software. To do this it
is first necessary to draw up a plan with various horizontal projections, perspective views and profiles. The
reinforcing components can then be modelled within
this structure. The shear reinforcement can be incorporated after the covering has been configured. An
auxiliary construction was drawn in so that the longitudinal reinforcement could be correctly positioned
within the foundation pile (Fig. 7). Revit families, i. e.
predefined building components, have to be generated
for various other reinforcing elements, such as the assembly ring and the cruciform base with its sole plate.
As the spacers are not predefined in Revit the Sofistik
add-in for Revit was used in order to insert these elements. This add-in not only helps when working with
special types of reinforcement but also simplifies and
accelerates the reinforcement modelling process and,
more particularly, the drafting of the reinforcement
plans.
Sauerbrey, Schmitt and Ramm:
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Fig. 8: Simulation of construction times and costs

Fig. 9: Calculation of building costs

7 4D and 5D Modelling
The iTwo program from RIB Software SE was used for construction time and construction cost planning. The model
of the shoring system and main excavation can be exported
from Revit into iTwo directly via the CPIXML format using an add-in. Before exporting it should be noted that in
the 3D model the objects can be clearly distinguished one
from another using a set of parameters. The SPTB1.0 code,
which has been defined by the German Federal Building
Association [2], can be used for this purpose. It is further
advisable to adopt a phased approach when working in Revit. This simplifies the 4D planning in iTwo.

7.1 4D Modelling
In order that the construction time can be planned in
iTwo using the 3D model the cost values first have to
GeoResources Journal 4 | 2021
www.georesources.net

be defined in iTwo by way of a catalogue. The latter is
not produced specifically for one project but is rather a
cross-project tool. A service specification (LV) first has
to be prepared for internal planning purposes. The key
quantities in the LV are sourced from the 3D model.
However, the service specification is tailored to the
construction time plan and is not really suitable for cost
calculation and tendering purposes. Moreover, the basic
structure of the Gantt chart has to be produced without
including the time span of the individual construction
phases. The duration of these construction steps can
be calculated in iTwo using the predefined cost values
and the quantities taken from the LV. As the relevant
objects are lodged in the construction stages it is then
finally possible to prepare a simulation of the construction workflow (Fig. 8). A check can also be made at this
point as to whether the proposed construction progress
is possible in reality.
Sauerbrey, Schmitt and Ramm:
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7.2 5D Modelling
The construction costs were calculated by means of a service
specification. This meant drawing up a second LV (Fig. 9).
The service specification prepared for the construction time
plan contained items that were not relevant for the construction costs and, moreover, certain relevant items were
missing. Whereas in the case of the deadline planning one
item is required per phase for the excavation process, there
is only one overall item when it comes to the construction
cost calculation. Furthermore, various units are used, as for
example in the case of the anchor positions – metres for
deadline planning and number of items for construction
costs. The quantities in the LV were in turn mostly determined from the 3D model. The data for the contingency
costs were taken from the deadline planning. The unit prices
in iTwo are also predefined in the catalogues for all projects
on a company-wide basis. The costs established with the LV
are tiered according to their item positions and so can be
allocated to the individual construction steps. This means
that the costs can ultimately be displayed in the construction time simulation and the progression of the costs can be
reproduced in a clear and concise manner. The positive and
negative aspects associated with the use of iTwo software are
presented in Table 5.

8 Conclusions
It has been shown that when planning deep pit excavations BIM can be applied throughout using the various

Sauerbrey, Schmitt and Ramm:
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Table 5:

Assessment of iTwo

Pros

Cons

▶▶ C
 an be used with cloud and so allows parallel
working on the same project
▶▶ Import interface is easy to operate and
provided with control functions
▶▶ Parameters from Revit can easily be re-applied
in iTwo (facilitates working in iTwo)
▶▶ Large sections can be predefined or can be
transferred from other projects
▶▶ Service specification is simple and quick
to generate (using automatic quantity
determination)
▶▶ Building times can be calculated quickly provided a well predefined catalogue of
’cost categories’ is available
▶▶ Linking of costs and construction times is a
clear and simple process
▶▶ Advanced functions, such as comparison of
costs based on different variants and cost
controlling

▶▶ N
 o ‘undo’ function available
▶▶ Different LVs for construction time simulation
and cost estimation
▶▶ The structure of the windows and functions is
sometimes confusing
▶▶ Problems with Generic Models (e. g. anchors)
when importing
▶▶ Some components and processes are not
well displayed (DGM, boreholes, foundation
piles and drill template) in the construction
time simulation
▶▶ Some quantities (excavated material) cannot
be determined from the model but have to
be transferred manually
▶▶ The calculated construction time cannot be
rounded up automatically
▶▶ Customising the print templates is not selfexplanatory, predefined templates are
sometimes too small/not ideal

programs currently available. However, the performance
of the software applications during the individual planning stages was found to be less than consistent.
The two programs that were used for the geotechnical design and calculation have a number of strengths
and weaknesses. However, the end-to-end BIM planning process does not yet operate completely problemfree with both programs. The DC software is ideal for
planning the various elements that make up the shoring
system as based on a layout plan. One of the constraints
here, however, is that loading the elaborate subsoil
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models into the program is an inefficient operation. The
calculated shoring system can finally be exported as an
IFC file. This ensures an open data exchange. Plaxis, on
the other hand, is better suited to an advanced planning
process in which the modelling work on the shoring system has essentially been completed. With an accurate
subsoil model the reference profiles can simply be imported with some prior processing. However, the results
can no longer be returned to the central Revit model.
The deadline and cost planning process for the excavation worked very well with iTwo. The import interface between Revit and iTwo is user-friendly to operate,
though in some cases minor problems were encountered
when importing the geotechnical components. Having
well defined standards for the modelling process is fundamental to working efficiently with iTwo. The baseline
values for the planning process, such as cost values, unit
prices etc., must also be predefined. Provided these elements are available, along with experience in handling
the software, the program can be used very efficiently.
By deploying the additional functions of iTwo, cost controls etc., BIM can therefore be employed directly as an
end-to-end solution for the planning and construction
of an excavation pit.
Ongoing development of the programs, and the use
of clouds in particular, should help to improve and enhance the efficiency of these programs and the associated planning process in the years ahead.
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Las Colinas 2001 Landslide – Study on
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1 Introduction
Landslides have been and will be a perpetual and recurring hazard worldwide. The extent of damage can range
from minor losses in forested areas to complete destruction in built-up areas including infrastructure and loss
of life. Landslides are a natural hazard that usually occur
after triggering events, such as earthquakes and heavy
rainfall.
South and Central American countries bordering
the Pacific Ocean are particularly vulnerable to deadly
hazards. This area forms part of the “Ring of Fire” and is
unfortunately susceptible to every possible natural disaster. From the beginning of 2019 until October 2019,
approximately 200 deaths were recorded due to landslides and flooding events while thousands of persons
were injured, and left homeless. In other years, landslides claimed thousands of lives.
The El Niño Southern Oscillation (ENSO) cycle refers to the temperature fluctuations between the
ocean and atmosphere of the central and eastern tropical Pacific Ocean [1]. Traditionally this weather system
occurred every two to twelve years, causing heavy or torrential rainfall across the region. Now the effects are felt
for a maximum of twelve months at a time with an event
frequency of every two to seven years [1].
This paper gives a short description of Las Colinas
2001 landslide in El Salvador, discusses possible reasons
for instability as presented by other authors, and the
possibility to mitigate against such failures using easyto-install methods with minor changes to the natural
environment. A slope-reinforcement solution is proposed to prevent such an event and to reduce the devastation due to landslides in the future.

2 D
 escription of Las Colinas 2001
Landslide
On January 13 2001, San Salvador, the capital of El Salvador, suffered a major earthquake, considered at that
time to be one of the most powerful to strike Central
America in the past fifty years [2]. The quake occurred
at 17 :33 [3] local time with an epicentral distance of approximately 110 km SE of San Salvador and a moment
magnitude, Mw of 7.6 [4]. Fig. 1 shows the strong motion record.
Hundreds of landslides were triggered across the
country after the earthquake, and thousands of people
were buried alive in their homes, while countless were
injured and left homeless (Fig. 2). The most devastating
Nottingham and Lopez:
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Landslides have been and will be a perpetual and reoccurring hazard
worldwide. The extent of damage can range from minor losses in forested areas to complete death and devastation in cities. South and Central
American countries are particularly vulnerable to landslides. In 2001 a
strong earthquake hit the region and devastated El Salvador, particularly
the Santa Tecla region where thousands of people died. Mitigation is the
key to success for landslides and it has been made possible in different
ways. This paper discusses the failure and proposes a solution using Ischebeck Titan self-drilling soil nails with a high-strength reinforcing mesh
on the slope surface.
Geotechnics • Natural disaster • Landslide • Risk • Reinforcement •
Micropiles • El Salvador

Fig. 1: Acceleration records at Santa Tecla (original
record) [5]
Recorded in Galileo Galilei where 1 gal = 1 cm/s2

Fig. 2: The Las Colinas landslide with its huge impact
on the community at the foot of the slope [6]
GeoResources Journal 4 | 2021
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landslide occurred in the region of Santa Tecla near the
Cordillera Balsamo. This calamity attracted many foreign aid officials to help in search, rescue, and rehabilitative operations in the area.
A problem such as this usually points to instability
due to an accumulation of porewater pressures associated with heavy rainfall; however, records showed particularly dry conditions corresponding to an abnormally
dry rainy season [2]. Other reasons for instability have
been presented by several authors [2, 7]:
▶▶ Low mechanical characteristics of some soil layers
▶▶ The inclination of some layers within the slope in
the direction of sliding
▶▶ Site amplification due to the site’s topology
▶▶ Possible liquefaction within the slope
▶▶ Development of the slope for residential housing
However, the exact reason for the failure is still unclear,
more than nineteen years after the disaster.

3 Subsequently determined
Site Conditions
A detailed geotechnical site investigation was performed [7] from which the soil parameters were determined from various soil tests as given in Table 1.
From these site investigations, four main layers were
discovered (Fig. 3). The uppermost layer contained
approximately 1 m of lithoid elements. Just below this
were the pyroclastic deposits comprising pumice, volcanic ash, sprouts and paleo-soil underlain by brown
ash/cinders followed by tuffs formations in which the
SPT tests were generally rejected [7].
Table 1:

The soil parameters as discovered in the
soil investigation [7]

Soil

Friction angle
[°]

Cohesion
[kPa]

Unit weight
[kN/m3]

Pyroclasts

30 to 35

60 to 80

11

Brown Cinders

30 to 33

30 to 40

11

Paleo-soil

20 to 24

5 to 10

11

Tuffs

35 to 38

200

18

Fig. 3: The geological scheme adapted from [7]
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Another site investigation [2] was performed after
the event, where dark-brown coloured layers of soil that
were thinning towards the surface were observed. This
indicated that the soils were drying and might have
been wet before the event. Another major observation
was that all vegetation was removed from the top of the
slope in preparation for coffee plantations.
A study performed on volcanic soils suggested that
in dry conditions these soils tended to be rather lightweight. With low stress states, the material is brittle and
becomes increasingly more ductile with increasing confining pressures. As saturation increases, however, these
soils exhibit a proportional decrease in shear strength
resulting in landslides and failure during periods of intense rainfall [8].
The undrained shear strength cu of these volcanic
soils tends to be significantly dependent on the clay mineral content and structure, with values ranging between
60 and 125 kPa [8]. This paper also made mention of
the Tierra Blanca (White Soil) found in San Salvador,
described as a poorly consolidated soil that developed
from ash after several volcanic eruptions. This type of
soil has characteristically negative pore water pressures
and low cementitious properties [8].
As shown in Table 1 the paleo-soil was identified as
that with the weakest shear-strength parameters and a
zone for potential failure.
A finite-element model was developed [9], using
the information from the site investigations [7]. In this
work, the slope seemed relatively stable according to calculation and failure was only achieved by implementing the Hill’s sufficient condition of stability. The paper
concluded that employing the second-order work, the
landslide was better visualized than that experienced in
reality.
Few persons who studied this failure have accounted extensively for the possible side effects due to the amplification of the seismic action because of the geological make-up of the soil. When the seismic waves move
from the tuffs to the pyroclasts and brown ash layers, the
waves are amplified and even resonance can occur when
the dominant frequencies collide, leading to greater
damage [10].

4 Pseudo-static Calculations
In this paper, a pseudo-static analysis was performed
considering the geometry and soil layers presented in
Fig. 3 to determine a solution. The calculations are described below. This analysis is effectively done through
the application of limiting equilibrium practices that
consider a force or moment of a particular soil above the
potential failure surface [11] . The values used for the
seismic coefficient have a significant impact on the slope
calculation in determining the possible factor of safety
and sliding mechanism.
This seismic coefficient controls the failure mass,
related to the measure of amplitude of inertial forces induced during instability [12]. In the case of a rigid body,
Nottingham and Lopez:
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the inertial force is simply calculated as the product of
the actual horizontal acceleration and the sliding mass.
This inertial force will reach its maximum value when
the horizontal acceleration is at its maximum. However,
since in most cases, the problem is not considering a
rigid body, the maximum acceleration will only last for
a short period and is not a representative seismic coefficient. In practice, these pseudo-static coefficients are significantly below the maximum acceleration, and Terzaghi originally outlined some guidelines (Table 2).
A study performed, using shear beam models indicated that deformations of earth dams comprising ductile soils with a maximum acceleration less than 0.75g
would allow for considerably small pseudo-static factors
of safety and further with kh = 0.1 (M = 6.5) to kh = 0.15
(M = 8.25) [14]. From this study, they concluded that
the pseudo-static accelerations are between 13 to 20 %
of the peak crest acceleration. Applying the Newmark
sliding block analysis, again for earth dams with a pseudo-static FOS greater than 1.0, the following equation
can be derived [15].
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Table 2:

The estimated horizontal seismic
coefficients according to Terzaghi [13]

Earthquake intensity

kh
0.1

severe earthquakes

0.2

violent and destructive earthquakes

0.5

catastrophic earthquakes

Table 3:

Network

Excerpt of strong motion records of 13
January 2001, San Salvador earthquake [3]

Station

PGA (g)
N-S

E-W

V

CIG

San Salvador DB

0.225

0.250

0.160

CIG

San Salvador RE

0.304

0.324

0.329

FOS (≥ 1) = amax/g .......................................................... ( 1 )
The system was analysed in the GGU Stability software with a Mohr-Coulomb constitutive model using Bishop’s Method to determine the factor of safety
and the risk of sliding. All the soil parameters, given in
Table 1 were inserted in the program, including the seismic action via horizontal and vertical seismic coefficients.
To include the seismic action in the GGU software,
a seismic coefficient must be determined since it is only
a fraction of the peak ground acceleration (PGA). As
previously described, it is somewhat complicated to determine the seismic coefficient kh or kv and they should
be an accurate representation of the vibration effect due
to a given earthquake [16].
The reports all established a PGA of 0.5 g but for
the determination of these seismic coefficients, the
strong motion data was acquired from the nearby stations (Table 2).
Considering these measured values at the CIG
San Salvador RE Station given in Table 3 above and
in Equation (1), the values used in the model were
kh = 0.162 and kv = 0.165 respectively. These values are
consistent with those presented by Terzaghi for a severe to violent and destructive earthquake (Table 2).
An accumulation of porewater pressure at the paleosoil layer was assumed, consistent with the findings of
the geotechnical reports [2], and the calculations were
performed on this basis.
As depicted in Fig. 4, the instability of the unreinforced slope was confirmed (minimum factor of safety
less than 1).

5 Soil Reinforcement
To increase the factor of safety of the slope, soil nails
were introduced in the model as reinforcement. These
Nottingham and Lopez:
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Fig. 4: The factor of safety after the analysis of the
slope including pore water

would be designed and installed such that the environmental impact is minimal and the safety of the slope is
realized. Like this slide in Santa Tecla, there is a possibility of such a failure occuring on the adjacent slopes with
similar properties and incidence angles, as well as on any
other susceptible slopes in the region.
Soil nails allow tensile forces to be accommodated,
which would otherwise be impossible. The load is transferred to the surrounding soil via skin friction. This
specifically refers to the bond between the grout-soil
interface in this particular case; the bond in the volcanic
tuffs defines the design. These values were determined
from several tests on different volcanic tuffs performed
in various studies.
These studies were summarized [17], correlating
the unconfined compressive strength and skin friction.
Based on the correlations a value of 0.5 MPa was assumed for the tuff layer, and this was used to design the
soil nails.
In this particular study, Ischebeck Titan, self-drilling soil nails were used for the calculations. Advantages
of this solution include:
GeoResources Journal 4 | 2021
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▶▶ Suitable for use in areas where working space is limited or challenging.
▶▶ Varying soil conditions do not pose a threat for this
system and the soil nails can be adapted to every
possible scenario.
▶▶ Permanent corrosion protection by means of grout
cover is provided.
▶▶ Suitable for installation in both permanent and
temporary situations.
Several calculations were performed until a minimum
factor of safety of 1.2 was achieved. Fig. 5 shows the
slope reinforced with 17 soil nails and details are presented in Table 4. The nails are labelled from the base
of the slope upwards. From this table the soil nails la-

belled one (1) through nine (9) are very long since this
was found to be the most critical part of the slope. The
upper nails labelled ten (10) through seventeen (17) are
considerably shorter to prevent local failure that may
occur. The longer nails are all inclined at 45° to the horizontal and the shorter at 40°.
These soil nails should be installed in accordance
with the best engineering practices [e. g. 18, 19]. Fig. 6
below, shows a section through a typical soil-nail configuration including the head construction, couplers to
connect the hollow bars and a sacrificial drill bit. The installation process is very simple and many different sizes
of equipment can be used to drill these bars (Fig. 7).
Self-drilling soil nails consist of continuously
threaded hollow bars, made out of seamless steel pipes,
installed via rotary percussive drilling. During the drilling process, the soil nails are continuously grouted (dynamic injection), building a rough interlocking at the
interface grout-soil and increasing the skin friction
(Figs. 8 and 9).
As a composite material, the permanent use is limited by the corrosion protection of the steel elements.
According to the European Standards that regulate
the use of composite materials for geotechnical applications, corrosion protection for materials such as soil
nails [19], can be provided, among other measures, by
an effective encapsulation in grout. Research has shown
that crack widths controlled to less than 0.1 mm can
be considered to be self-healing, so that cement grout
is considered acceptable as an impermeable protective
encapsulation, provided that the crack width within the
grout body can be demonstrated not to exceed 0.1 mm
[19]. In Germany, this requirement has been adopted by
the German Institute of Building Technology (DIBt) to
assess the structural behaviour of self-drilling soil nails,
as highlighted in the National Technical Approval
Z.34.14-209 [21].

6 Conclusion

Fig. 5: The final design showing the configuration of nails spaced at 2 m in
the vertical and 3 m in the horizontal direction

Table 4:

The details of each soil nail
including the inner and outer diameters of the hollow
bars d, length L, diameter of grouted soil nail D and
characteristic bearing capacity Rk

No.
1-4

Diameter d
[mm]
outer

inner

73

35

L
[m]

D
[mm]

Rk
[kN]

15

150

1390

5-7

73

35

27

150

1390

8-9

73

35

30

150

1390

10-17

30

16

4.5

110

190
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Monitoring systems should be implemented in this
region, since landslides occur frequently and their effects can be minimal or extreme. Where risks are determined, preventative measures should be adopted to
limit or eliminate consequences to life and infrastructure.
This paper presents the analysis of one event that occurred in El Salvador in 2001, triggered by a moment
magnitude 7.6 earthquake. The results of the analysis
have shown that the implementation of reinforcement
along the slope considerably increased the overall stability. The reinforcement selected consisted of self-drilling
soil nails by which are particularly suited for this application. These soil nails are lightweight, and with effective installation practices they can have very little impact on the forested environment.
The implementation of monitoring systems can prevent events like the Las Colinas landslide, saving many
lives and protecting infrastructure from destruction.
Nottingham and Lopez:
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Fig. 6: Cross-section through a soil nail (Ischebeck Titan) where
the zoomed image (bottom left) shows the cross-section
of the grouted body [20]

Fig. 8: Rotary percussive drilling with flushing grout
(w/c = 0.7 to 0.8) [20]

Fig. 9: Dynamic pressure grouting
(w/c = 0.4 to 0.5) [20]
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Fischer heavy-duty Fixings secure
Świna Tunnel on Poland’s Baltic Coast
Fischer Group, Division Fixing Systems, Waldachtal, Germany

Location and Importance
of the Świna Tunnel
The city of Świnoujście is currently building the new
Świna Tunnel in order to improve transport links between the Baltic Sea islands of Uznam and Wolin while
connecting the coastal region more closely with the rest
of Poland and the world (Fig. 1). The project is expected to be completed in late 2022 and to be opened in
2023. An emergency tunnel is being built parallel to the
two-lane 12-m-diameter tunnel. The road tunnel will
span a total of 1.8 km and cross below the river Świna, a
river connecting Szczecin lagoon with the sea and seperating the two districts of Świnoujście located on the
islands Uznam and Wolin. The Świna Tunnel will be
Poland’s longest underwater tunnel yet. It will also be
part of Poland’s S3 expressway connecting the north to
the south over a span of 500 km from the western part
of Świnoujście on the island of Uznam to Lubawka in
Silesia on the Czech-Polish border.

Poland’s longest underwater tunnel thus far, the
Świna Tunnel, is currently being built between
the islands of Uznam and Wolin in the city of
Świnoujście. The tunnel below the river Świna will
connect the coastal region more closely to the rest
of the country and the world. More than 50,000
heavy-duty fixings by fischer have been used to
reinforce the tunnel.
Tunnelling • Fixing technology • Anchoring •
Concrete • Approval • Services • Poland

Construction Methods
The Świna Tunnel is being excavated by a TBM (tunnel
boring machine) over approximately 1.5 km (Fig. 2).
Further tunnel sections will be completed using the cutand-cover method, during which the excavation and
construction are carried out under a cover cast on slotted walls. This construction method allows the excavation pit to be reinforced and the corresponding surface
above the launch shaft on the islands of Uznam and Wolin to be used (Fig. 3).

Heavy-duty Fixings
Fischer heavy-duty fixings are being used to reinforce
the tunnel after the TBM work is completed (Fig. 4).

Fig. 2: Świna Tunnel under construction – view to the
start shaft, the portal crane and the segment
warehouse

Fig. 1: Entry into the Świna Tunnel on the east bank
of river Świna
Source: Gulermak and Porr

The chemical fixing systems and steel anchors fasten
the reinforced concrete supporting structure. This required extreme anchor depths of up to 550 mm with
rods measuring M16 and M30 in diameters in order to
connect the reinforced segment lining after the TBM
operation. Platforms and struts for the launching shafts
were additionally secured with the fixing solutions.
“Our products fulfilled the demands and requirements of the project. Our heavy-duty fixings allowed

Fig. 3: The Świna Tunnel portal under construction
Source: Gulermak and Porr

Source: Gulermak and Porr
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Fig. 4: A look inside the Świna Tunnel where
the FIS EM Plus solution will be applied
Source: Gulermak and Porr

Fig. 5: Concrete elements that will form the
service tunnel, which will be anchored
with the FIS EM Plus
Source: Gulermak and Porr

Fig. 6: Chemical fastenings by Fischer transfer heavy
loads into anchor substrates in the Świna
Tunnel and many other construction projects
across the globe while mastering extreme
conditions on the site such as moisture,
offering heat and cold resistance.

also has an assessed service life (ETA) of 100 years. The
Stuttgart engineering office IEA has furthermore certified that anchorages with the FIS EM Plus have a service
life of 120 years. It is the first injection mortar ever to
be awarded this durability, an advantage during infrastructure projects like the Świna Tunnel which rely on
a long service life.
The FIS SB superbond mortar was also used together with system components. With its silane technology,
the fixing system achieves a high bond stress resilience
for a strong performance and a high level of security
confirmed by its ETA for concrete and seismic loads.
The variable anchoring depths of the injection mortar
optimize the installation time and use of materials. Other mechanical anchoring solutions are also being used,
including the bolt anchors FBN II and FBZ as well as
concrete screws.

Conclusion and Outlook

Source: fischer

us to stand out from the competition and offered our
client additional useful services”, emphasizes Oliwer Pietrzak, sales representative from Fischer’s subsidiary in
Poland responsible for the project. “We began offering
our consultation services before the work started. Our
services included planning and designing the fastenings
in the process of working together with the design office, which allowed us to subsequently fully utilize our
products’ potential. We also offered ongoing technical
advice and support on the construction site”.
The professional Fischer solution FIS EM Plus was
used in particular [1]. Together with its system components, this injection mortar permanently and safely
transfers heavy loads into concrete (e. g. Fig. 5) even under the most extreme of conditions such as during earthquakes, in water-filled boreholes and in the event of
fire. FIS EM Plus’s two European Technical Approvals
(ETAs) and its ICC approval for the USA and countries
in the Far East comprise fastenings in concrete in addition to post-installed rebar connections. FIS EM Plus
GeoResources Journal 4 | 2021
www.georesources.net

More than 50,000 Fischer fixing solutions have been
used on the Świna Tunnel project so far. The fixing expert will continue to support the client with products
and services (Fig. 6) until the project’s expected successful completion in summer of 2023.
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[1] fischerwerke GmbH & Co. KG: FIS EM Plus. The
injection mortar for strong bonds: https://www.fischer-international.com/-/media/fixing-systems/fiint/
innovations/fis-em-plus/xxxxxx-brochure-fis-em-plusen_2020_screen.ashx
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Malaysian Tunneller makes clean Sweep of
Global Tunnelling Awards in 2021
MMC Gamuda KVMRT (T) SDN BHD, Kuala Lumpur, Malaysia

The KVMRT Putrajaya Line project (Fig. 1) has recently been recognised by three prestigious industry awards
namely the Major Project of the Year (with a budget of
over 500 million Euro) at the ITA Tunnelling Awards
2021, hosted virtually by the International Tunnelling
and Underground Space Association headquartered in
Switzerland, the International Project of the Year at the
Ground Engineering Awards 2021 hosted in London
by the Ground Engineering Magazine which is the official publication of the British Geotechnical Association
since 1968 and the Tunnelling Project of the Year (over
500 million USD) at the NCE Tunnelling Festival
Awards 2021 hosted also in London by the New Civil
Engineer which is the official magazine of the Institution of Civil Engineers (Fig. 2).

Awards Significance
The awards attracted industry leaders from around the
world to celebrate the achievements of projects, people
and businesses across tunnelling and geotechnical engineering. Other esteemed competing finalists included
Singapore’s highest building, the Guoco Tower, and
Egypt’s Ismailia Tunnels under the Suez Canal, all of

The major project KVMRT Putrajaya Line in Malaysia has been recognised by prestigious industry awards. MMC Gamuda could demonstrate its
extensive experience in managing all phases from
engineering, to procurement , construction, and
comissioning.
Tunnelling • Award • Mega project • HSE • TBM •
Innovation • Malaysia

which underwent a rigorous process of evaluation by
a panel of international, independent judges in the industry. For the ITA Tunnelling Awards, the KVMRT
Putrajaya Line came out on top amongst a total of 56
submissions for this category.
Key evaluation criteria included evidence of innovative, industry-advancing techniques to overcome significant technical challenges as well as value delivery for
the client and the local community. Non-engineering
initiatives, including initiatives to improve local workforce capabilities, inclusiveness and diversity as well as
sustainability themes were also assessed.
MMC Gamuda ticked all the right boxes for its
extensive experience in managing all phases of the Pu-

Fig. 1: Works progressing smoothly next to a busy highway at the Hospital Kuala Lumpur MRT Station worksite
MMC Gamuda:
Malaysian Tunneller makes clean Sweep of Global Tunnelling Awards in 2021
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Fig. 2: MMC Gamuda representatives with the Tunnelling Project of the Year
award at the New Civil Engineer (NCE) Tunnelling Festival 2021
From left to right: Ng Hau Wei - Deputy Project Director of Gamuda Engineering, Datuk
Isham Ishak - Secretary-General of Ministry of Transport Malaysia, Joyce Shamini - Technical
Writer of MMG Gamuda, Satpal S. Bhogal - Project Director of Gamuda Engineering, Tan Ek
Khai - General Manager of Gamuda Engineering, and Ubull Din Om - Executive Director of
Gamuda Engineering Australia

trajaya Line’s project delivery – from engineering, to
procurement, construction, and commissioning. The
awards also recognised MMC Gamuda’s unique ‘new
normal’ ecosystem for managing Covid-19 risks on
the project that enabled the delivery of the tunnelling
works on schedule.

A unique “new normal” Ecosystem as the
Industry Gold Standard
Recognising Covid-19 as the top risk to project delivery, MMC Gamuda set up a one-of-a-kind “new normal

ecosystem” which comprised the only private (nonhealthcare) owned RT PCR laboratory in the country
with a dedicated crew of over 40 medical professionals
to carry out fortnightly screening for the entire workforce of over 20,000 from senior management down to
site operatives (Fig. 3). This frequent screening regime
coupled with very stringent standard operating procedures was crucial, allowing the project team to nip in
the bud any spread of Covid-19 before it developed into
larger clusters.
Going a step further, MMC Gamuda established an
in-house triage centre for staff to provide advance 24/7
medical care and management for Category 2 Covid-19
positive patients to minimise deterioration of personnel
to symptomatic Category 3, reducing the burden on the
public healthcare system.
With the rising national Covid-19 cases, MMC
Gamuda pivoted quickly to constructing new centralized labour quarters (CLQs) in under 3 months to enable the redistribution of their workforce across these
facilities for reduced density and improved social distancing.
The existing CLQs on the project were also reconfigured and retrofitted with segregated common facilities
to minimise the potential for any spread of Covid-19
as well as isolated quarantine blocks for positive cases.
These facilities were touted as a gold standard for Covid
resilient worker accommodation by local authorities as
well as covered extensively in local media as a model to
follow.
These efforts have resulted in a clear divergence between rising national infection trends versus the organisation’s relatively low infectivity rates, thus securing the
confidence of authorities for work approvals throughout the nationwide lockdowns.

Project’s stellar Health and Safety Track
Record paved the Way to effectively handle the Covid Crisis
MMC Gamuda’s commitment to exemplary safety &
health outcomes and international best practices culminated in four consecutive 5-star Occupational Health
and Safety Audits by the British Safety Council (BSC)
since 2018. To top it off, they also were accorded two
consecutive Swords of Honour for our safety & health
performance from BSC with a third currently pre-qualified.

In-house Innovation recognised with
international Awards

Fig. 3: MMC Gamuda regularly tests the entire MRT Putrajaya Line project
workforce using their in-house PCR testing laboratory

Building on the success of the Variable Density tunnel
boring machine introduced on the Kajang Line, Putrajaya Line broke new ground with more award-winning
innovations. Tackling the labour-intensive, risky aspects
of tunnelling works, a group of in-house engineers developed the world’s first autonomous tunnel boring
machine, a plug and play, AI-driven system that can
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Wide-scale Capacity Building as the
Backbone of the Project

An all-star Performer on the global Stage
Both events gathered thought-leaders, decision-makers
and young engineers from the entire international tunnelling and construction community to network, share
best practices and discuss what is at the cutting-edge of
the industry. MMC Gamuda has once again done Malaysia proud by edging out stiff competition for both
Project of the Year awards ahead of leading global industry players, cementing their place as an international
leader in the delivery of mega infrastructure projects
with innovative solutions.

MMC GAMUDA KVMRT (T) SDN BHD
Gamuda Engineering is a wholly-owned subsidiary
of Gamuda Berhad, which is part of the joint venture
entity, MMC Gamuda KVMRT (T) Sdn. Bhd or “MGKT”.
MGKT is the appointed Underground Works Package
contractor for the Klang Valley Mass Rapid Transit
Sungai-Buloh-Serdang-Putrajaya Project , Kuala
Lumpur, Malaysia.
Contact:
info@mgjv-kvmrt.com.my
https://www.mmcgamudamrt.com.my

None of these, from the project’s impeccable health
and safety performance to all-around innovative DNA,
would have been possible without a strong pipeline of
local talent and expertise. Large scale upskilling initiatives ranged from establishing Asia’s first purpose-built
Tunnel Training Academy (TTA), a BIM academy
where over 2,500 has been trained to the KVMRT Safety Training Centre where over 50,000 staff had been
upskilled.
At the TTA, over 1,000 personnel – many school
leavers hailing from underprivileged backgrounds – had
graduated and launched their tunnelling careers on the
project and subsequently the TBM refurbishment initiative. The TBM refurbishment initiative is a tour de
force of collaboration, roping in a German technology
partner, Herrenknecht AG with local SME partners and
suppliers for technology transfer. Eight TBM’s from the
Kajang line were refurbished and recommissioned for
the Putrajaya Line resulting in over USD100 million
in client savings as well as the sustainability savings in
terms of avoided carbon emissions from this local refurbishment initiative.

MMC Gamuda:
Malaysian Tunneller makes clean Sweep of Global Tunnelling Awards in 2021
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autonomously operate any TBM with minimal human
input. Having successfully navigated over 10 km of tunnelling in challenging mixed ground conditions, the system was recognised by ITA as the Technical Product/
Equipment Innovation of the Year in 2019.
MMC Gamuda’s cutting edge and industry-leading
innovation have also been a key differentiator on the
project. First in the region to be certified BIM (Building
Information Modeling) Level 2 by the British Research
Establishment, the project’s comprehensive BIM digital
infrastructure offered endless opportunities for impactful applications. One example is their BIMAR (Augmented Reality for BIM) mobile application which uses
the camera on a tablet to overlay 3D BIM models on the
actual built environment allowing for clashes and errors
to be spotted instantly on-site, minimizing costly rework. Another award-winning innovation deployed on
the project is their cloud-based Geospatial Information
System (GIS) portal to enable seamless collaboration
between stakeholders which integrates drone surveys
with BIM models for monthly up-to-date 3D progress
reports of all the construction sites.
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Despite Corona: STUVA Conference 2021
a complete Success
STUVA e. V., Cologne, Germany

With well over 1,000 registered participants, numerous exhibitors and
hundreds of trade visitors, the STUVA Conference 2021 at Messe Karlsruhe
did not set a new attendance record, but in view of the pandemic situation the number of participants was overwhelming.
Tunnelling • Event • Conference • Exhibition

Thanks to the precautionary measures laid down by
STUVA, which went far beyond state regulations, an
exceptional conference was successfully held from 24 to
26 November 2021.
The last days before the long-awaited event were
what is commonly called a real nail-biter for all STUVA
staff. Rapidly rising Covid19 cases throughout Europe
led to cancellations and led to fears. The most anxious
questions were: Will the conference be cancelled because
of the pandemic situation? Will anyone come at all?
When the doors to the fair opened and the stream
of participants poured into the halls, all these worries were blown away. From the very beginning, there
was that very special feeling at STUVA that has been
so characteristic of this biennial family reunion of the
tunnel industry for the past 60 years. The many beaming faces behind the mouth-nose masks clearly showed
how much everyone was looking forward to these three
days after almost two years of practically no attendance
events. Finally, real face-to-face contacts with real people again, with old and new colleagues from their own
industry! Thanks to the mandatory 2G-plus regulation
(only vaccinated and recovered people and everyone
with a daily test and mask requirement), everyone present could feel safe in the premises of Messe Karlsruhe.
During the opening speech by Prof. Dr.-Ing. Martin Ziegler, Chairman of STUVA e. V., the long rows

STUVA e. V.
Research Association for Tunnels and Transportation Facilities, Cologne, Germany
More information: https://www.stuva.de/en.html
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of chairs in the large hall were filled to capacity. After
his opening speech, a word of welcome from Dr. Frank
Mentrup (Mayor of the City of Karlsruhe) and another
word of welcome from Dr. Nicole Hoffmeister-Kraut
(Minister of Economic Affairs, Labour and Tourism
of the State of Baden-Württemberg), the first specialist
presentations continued seamlessly.
The first speaker was the current Managing Director
of STUVA, Prof. Dr.-Ing. Roland Leucker, who spoke
about one of the most burning issues of the future in the
construction industry, climate protection in transport
infrastructure construction. Prof. Leucker not only impressively demonstrated the need to reduce the industry’s considerable CO2 emissions, but also gave pointers
on possible ways to achieve this important goal.
After that, the plenum split up. The tunnel builders
continued in the same room, while the tunnel operation
and planning lectures ran in parallel in another lecture
room. Both series of lectures were excellently attended
and translated throughout by simultaneous translators
into English or into German.
The large area of the STUVA-Expo, where the numerous exhibitors presented their products and services,
was also in a great mood right from the start. Although
the number of visitors was not as large as at the conferences before the pandemic, this did not dampen the
mood. “We had great contacts at our stand and enough
time for a longer conversation. At any rate, our order
books are now full,” said a satisfied exhibitor summing
up his conference experience on the final day.
The cheerful and relaxed mood was exactly the right
prerequisite for the traditional festive evening. Large
spaces between the individual tables and plenty of room
around them never gave rise to a feeling of crowding.
The first two days flew by far too quickly and for
those participants who were unable to take part in the
construction site excursions on Friday, it was time to say
goodbye to a STUVA Conference 2021 that was just as
inspiring and lively as we rightly expect from this event
every two years. On the other hand, it was a conference
that was very special and hopefully unique because of
the Corona pandemic and the necessary protective
measures.
In any case, one thing is certain: without the discipline of all those involved, the event would certainly
not have been possible in the form it took. Without
their understanding for the protective measures and
without the trust placed in the STUVA, such an event
would not have been feasible during the pandemic.
Stay healthy and join us in looking forward to seeing
you again at the next STUVA meeting in Munich in
2023.
STUVA e. V.:
Despite Corona: STUVA Conference 2021 a complete Success
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Always on Track with VirtuRail
Flexible, emmission-free Alternative
to track-bound Transport Systems
Dr. Christoph Müller, Virturail GmbH, Schruns, Austria

The MineTronics/MobileTronics company group previously reported about its experience with the automation
of trackless supply trains in mechanical tunnel driving:
The first such project in conjunction with the new Brenner Baser Tunnel has already been completed successfully including a demonstration of fully autonomous
operation, e. g. [1].

Automated trackless trains and vehicles offer efficient, flexible and emission-free transport solutions for tunnelling and mining.
Tunnelling • Mining • Transport system •
Logistics • Innovation • Sustainability

Further Development of the Technology
This technology now is under further development and
commercialisation by VirtuRail GmbH, a company
founded a year ago by the Austrian tunnelling specialist
Jäger Bau and MineTronics. VirtuRail GmbH develops
and produces electrically powered and highly automated ASVs (ASV = Automated Service Vehicle) for
emission-free, energy-efficient and cost-effective transport logistics – first and foremost for tunnelling and
mining. Since no complex rail infrastructure is needed,
the routes used by the ASVs can also be used by regular
road vehicles – a factor which significantly simplifies
the entire site organisation.

Application in the “Kerenzerberg
Safety Tunnel“ Project
The first generation of vehicles, the ASV160-1, is
1.60 m wide and is currently being used in the project “Kerenzerberg Safety Tunnel“ project on the A 3
Zurich-Chur motorway in Switzerland. Each vehicle,
with a gross weight of 40 t, is equipped with a 64 kWh
battery and is driven by two electric motors. The vehicles can be operated both singly (Fig. 1) and as part of
a train set (Fig. 2), in which the train is equipped with
an automatic guidance system. This consists of the automatic track-in-track steering of all axles so that the train
follows a “virtual rail“ on the ASV route. To optimise
the performance and to ensure compliance with safetyrelevant conditions, the route is divided into route sections. These route sections are switched manually by
the driver or automatically, e. g. using RFID tags. The
calculation of the “virtual rail“ within a route section
is performed automatically based on information from
the multiply redundant environment-recognition sensors. This means that the technology is already prepared
for the fully autonomous operation planned in future.

Fig. 1: Single-vehicle ASV, radio remote operated
Photos: VirtuRail GmbH, 2021

Fig. 2: ASV train fully loaded, single cabin operated

Müller:
Always on track with VirtuRail – flexible, emmission-free Alternative to track-bound Transport Systems
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The control of the single vehicles is performed using
a radio remote control while a train consisting of several individual vehicles is controlled from a single cabin.
Depending on the direction of driving the driver supervises the operation from a turntable mounted seat either
looking through the front window or using a video wall
mounted on the rear wall of the cabin.
In total 12 vehicles are in operation in this project as
three trains and three single vehicles.

Outlook
A second series of vehicles of type ASV120 with a width
of 1.20 m is currently in production for use in an underground power-station project. These will enter into
service in 2022.
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Increasing the Resilience of Underground
Public Transportation Systems
New Measures and Findings from a Large-Scale Exercise
in the Lyon Metro
Dr.-Ing. Christian Thienert, STUVA e. V., Cologne, Germany
Christophe Willmann, CETU – Centre d’Études des Tunnels, Bron, France
Christophe Chaize, Keolis Lyon, Lyon, France
PhD Annie Pauzie, Université Gustave Eiffel, Bron, France

1 Introduction
1.1 Safety and Security of Metro Systems
Even though public transport in general and metro systems, in particular, are among the safest modes of transport, severe incidents cannot be completely excluded.
Following VDV Bulletin 7018 “Security Guidelines”
[1], a basic distinction must be made between two classes of events:
▶▶ Events that are due to negligence or unintentional
damage caused by operational or technical hazards
(so-called safety events).
▶▶ Events that result from external actions (so-called
security events).
For almost all imaginable events in the “safety” class –
which also includes all fire protection issues – public
transport companies have a variety of strategies and solutions in place so that a very high level of protection is
already achieved in this respect. Against the background
of the low probability of occurrence, corresponding crisis management strategies of the public transport companies are only rare. Especially for this area or class, it,
therefore, makes sense to develop further strategies, concepts and individual solutions to ensure the best possible
availability of the underground public transport systems
and the safety of passengers even in crises.
This paper reports on some interesting results from
the project “U-THREAT – Underground Transport
Hub Resilience to Ensure Availability and Tackle Danger”, which has intensively dealt with the question of
how the resilience of underground public transport systems in crisis situations can be further increased. This
is bilateral, Franco-German cooperation of renowned
research institutions and companies.

1.2 Concept of Resilience
The overall approach of U-THREAT follows the concept of the resilience cycle established in the discussion
on the vulnerability of urban systems, i. e. continuous
improvement (Fig. 1). The 1st stage is to prevent the ocThienert, Willmann, Chaize and Pauzie:
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This paper presents some interesting results from
the research project “U-THREAT”, which has intensively dealt with the question of how to further
increase the resilience of underground public
transportation systems in crises. It includes a corresponding evaluation within the framework of
a large-scale exercise in the Lyon metro (France)
combining a fire fighting and an evacuation exercise and the communication between different
institutions and actors.
Tunnelling • Research • Public transportation •
Metro • Resilience • France

Fig. 1: Resilience cycle
Source: STUVA

currence of an incident. In the 2nd stage, measures are to
be kept ready to effectively respond to an incident. In
the 3rd stage, the public transport system is to be recovered as simply as possible and in the 4th stage, preparedness can be improved based on the previous stages. Then
the cycle begins again from the start.
The question of the need to increase resilience is
closely linked to the vulnerability of the systems under
consideration [2]. Against this background, approaches
GeoResources Journal 4 | 2021
www.georesources.net

30	Tunnelling

Fig. 2: Passenger app: Rules of conduct for evacuation
Source: Université Gustave Eiffel

have been identified and (further) developed in all three
areas relevant to underground public transport systems:
▶▶ Operation
▶▶ Structures
▶▶ Users
The focus in the following is on user-related measures.
Further results from the U-THREAT project on all areas are summarised in a research report, which is available in both German [3] and French [4].

2 User-related Measures
Independent of the individual safety concepts based on
legal frameworks, there are some generally significant
aspects concerning user-related measures in the case
of an incident. For example, communication with passengers plays a crucial role. Nowadays, this is not only
done via loudspeaker systems and passenger displays,
but smartphone apps and social media have also found
widespread use in public transport companies. These
can represent added value not only in regular operations
but also in the case of an incident, in that they can have
a calming effect on affected passengers.
In addition, the user-related aspects include questions of improving evacuation in the case of an incident.
While in Germany, on the one hand, a major focus is on

preventing a damaging event within a running tunnel
by all means, in France, on the other hand, the occurrence of a fire event is considered to be a possible scenario. For this reason, here further considerations are not
completely ruled out and in some cases, corresponding
technical equipment (e. g. jet fans for ventilation in the
event of a fire) is also installed. Despite the overall high
level of safety in both countries, individual approaches
and detailed solutions are continuously reviewed and,
if necessary, improved in the sense of a continuous improvement following the resilience concept. Regular
exercises involving as many people as possible working
together in a real crisis are therefore an important instrument.
In the following, a new approach concerning a passenger app with situational information and some interesting results from a large-scale exercise in the Lyon
metro is presented.

3 P
 assenger App with situational
Information
Escape route markings are installed for the orientation
of passengers in case of evacuation from a metro train
in a running tunnel. Further assistance can be provided
by driving, service or security personnel on-site. Evacuations as a result of an incident represent extraordinary
stress situations for passengers, which can even lead to
panic-like reactions. As smartphone apps have become
an everyday technology, it was investigated whether
they can also provide support in the case of an event in
a metro train.

3.1 Development of the App
The development of the app design and the definition of
functionalities took place in three phases with the participation of potential users:

Fig. 3: Passenger app: Information submission form
Source: Université Gustave Eiffel
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1) Ideas workshop
2) Feedback workshop based on a mock-up version of
the app within the framework of a so-called guerrilla user test method
3) Feedback workshop immediately following a test
under quasi-real conditions of a large-scale exercise
(paragraph 4).
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The overall concept of the app is that it is implemented into an everyday app of the public transport
company. The new safety-related modules can be divided into:
▶▶ Basic functionalities that can already be used without the presence of an event (e. g. rules of conduct
for evacuation from a metro train, Fig. 2),
▶▶ Additional functionalities for the case of an event
(e. g. information on the specific situation, Fig. 3).
The additional functionalities are designed in such
a way that the passenger can not only receive situational information with the app but also send it to
the control centre of the public transport company.
This is done in a pre-structured form so that important aspects are available to the dispatcher at almost
a glance (e. g. the number of injured persons, special
mobility needs).

3.2 Debriefing and Evaluation
User feedback was collected immediately after the end
of the large-scale exercise, i. e. at night on the platform (Fig. 4). Various individual aspects were first
asked individually and then discussed among the
participants.
The provision of situational information was
perceived as useful by the test persons. It was noted
positively that they were able to actively deal with
the situation from the time when the train was in the
tunnel for an untypically long time and an evacuation became a possible scenario. The benefit thus results, on the one hand, from the perspective of the time
ahead and, on the other hand, from the possibility of
reassurance as to what is to be done shortly afterwards –
i. e. an answer to the question: “What do I have to take
into account when evacuating the train?” Specific statements were:
▶▶ “[It is] reassuring to watch the evacuation before the
evacuation, it gives you a procedure to follow.”
▶▶ “Obviously you have to sit down, [it helps] to apprehend what will happen next, I could not have
watched at the same time as the evacuation.”
The communication of relevant information or the use
of the app remained limited to the period in which the
test persons were still inside the train. None of them
covered the distance through the tunnel via the escape
route while constantly looking at their smartphone.
All were aware of the danger involved and were more
focused on the real world than the virtual one. Once
they arrived at their destination, the metro station, the
app did not represent any added value. This means that
the familiarity with the signing and the metro station
environment, the layout of which is known – from the
platform there is somewhere to go up – overweighs the
special constraints such as a smoky environment.
Thienert, Willmann, Chaize and Pauzie:
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Fig. 4: Collection of user feedback directly after the
exercise
Source: STUVA

3.3 Results
It could be shown that passenger apps can also represent
added value under special constraints. In particular, it
was shown that operating one’s smartphone can distract
from the actual stressful situation and thus calm the situation down. In addition, specific rules of conduct (e. g.
for evacuating a train in a running tunnel) can be provided. Preferably, the situational functionalities should
be integrated into an existing everyday app of the public
transport company, which also provides a certain familiarity with the user interface and structures in the event
of an incident. Other key points to consider during implementation are:
▶▶ Possibility of notification via push function and
provision in different languages
▶▶ Area-wide availability of high-performance WLAN
or mobile internet, also in the running tunnel.

4 Large-scale Exercises
in the Lyon Metro
4.1 Objectives and Procedure
During the night of 8 to 9 October 2019, a large-scale
exercise took place in the Lyon metro. The exercise
scenario involved a train carrying passengers breaking
down in the middle of the running tunnel between the
“Jaures” and “Debourg” metro stations in the course of
line B (distance to both stations approximately 450 m
each) and the development of smoke. This was artificially generated in the form of cold smoke using socalled fog machines, which were provided by the Lyon
fire brigade.
In total, the metro train was occupied by 70 passengers, all of whom were volunteers from the transport company or project team members (Fig. 5). Two
of them had been assigned the role of playing injured
passengers who were unable to self-rescue. All persons
were in one coach (the middle one of three), with only
GeoResources Journal 4 | 2021
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statements on a paper questionnaire using a scale of 1
to 5:
▶▶ 1 = do not agree at all
▶▶ 3 = neutral
▶▶ 5 = fully agree.
The main observations are briefly summarised in the following.

4.2.1 Communication of the Driving Personnel

Fig. 5: Instructing 70 volunteers for being passengers in the Lyon metro
large-scale exercise
Source: STUVA

one door to exit the train. For the first time, an exercise
was held in the Lyon metro combining a fire fighting exercise with an evacuation exercise.
The main exercise objectives were the following:
▶▶ to observe passenger behaviour during the evacuation from a running tunnel,
▶▶ to determine parameters related to the flow of passengers,
▶▶ to test the passenger app for the provision of situational information (paragraph 3),
▶▶ to conduct a fire brigade exercise “fire in a tunnel”
under conditions as realistic as possible and
▶▶ to evaluate the communication between different
responsible institutions and actors (e. g. the fire brigade’s chief of operations and the public transport
company’s emergency manager)

4.2 Debriefing and Evaluation
Immediately after the evacuation, i. e. when arriving
at the metro station, passengers were asked to rate 17

Between the time the train stopped in the running tunnel and the start of the evacuation, information given
to passengers was rare. This caused some disquiet and
even unease, despite the knowledge of all persons involved that this was an exercise. The evacuation of the
train then began relatively suddenly, without any additional safety instructions or rules of conduct being communicated in this context. Insufficient for many was the
quality of the loudspeaker announcement instructing
all passengers to leave the train – both in terms of technical quality and the wording and clarity of the driver’s
pronunciation.

4.2.2 Getting off the Train
Getting off the train was not a major problem. Nevertheless, many people stated that the height difference
between the interior of the train and the escape route
parallel to the track was surprisingly high. Following
the preceding passenger was the usual behaviour, which
gave familiarity and security, according to the motto:
“He or she does it, I can do it too”. As a result, mutual
assistance was also observed when getting off the train.
The driver was on the escape route, next to the door
from which the first person got off (Fig. 6). Due to
the relatively small escape route, he thus unconsciously
influenced the direction in which the passengers were
walking in the tunnel – namely the direction to take
without passing the driver. Escape route markings indicating the routes to both adjacent metro stations (which
are located every 50 m on the tunnel walls) were reportedly hardly noticed by passengers.
The injured passengers who remained on the train
received no help or information from anyone and were
on their own throughout the entire situation. They did
not know whether the emergency services had been informed. This may have been caused by the passengers’
lack of acting skills. They had not been specifically instructed on how to behave (e. g. scream or call for help)
before the exercise began.

4.2.3 R
 oute from the Track Tunnel
to the Station
Fig. 6: Instructions from the driver when getting off
Source: Keolis Lyon
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On the one hand, the combination of (artificial) smoke
and lighting in the tunnel with a lamp spacing of approximately 20 m led to shadows created by the pasThienert, Willmann, Chaize and Pauzie:
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sengers ahead. These overall poor visibility conditions
sometimes led to problems in perceiving the walking
area (Fig. 7). On the other hand, many users perceived
punctual LED lighting at the height of the escape
route as disturbing glare. However, both phenomena
are rather to be evaluated as a restriction of comfort,
which should not lead to serious difficulties in the case
of an event. To improve conditions, some test persons
suggested adding high-contrast marking strips on both
sides of the escape route or a railing on the tunnel sidewall. Only a few passengers felt that the total distance to
be covered of about 500 m was too long.
The passengers had all avoided crossing the tracks.
They were unsure whether the train service had stopped
and the power supply had been interrupted (which of
course was the case). However, most stated that under
severe circumstances – i. e. a real event – they would
probably have crossed the tracks and the conductor rail,
which is quite consistent with real cases observed in the
past.
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Fig. 7: Poor visibility conditions along the escape route
Source: Keolis Lyon

4.3 Results
Rescue from and firefighting in a tunnel are long and
difficult processes (Fig. 8). Therefore, the self-rescue
of passengers is known to be of great importance. “You
win the war in the self-rescue phase”, was how the chief
of the Lyon fire brigade formulated it during the debriefing.
Consistent and simple language must be used between rescue services and transport company personnel. The simplest possible wording and comprehensible
communication are also vital to give passengers precise
or audible instructions and thus initiate a rapid and orderly evacuation process. These – as well as hand signals
and gestures of the driving personnel in the tunnel when
passengers get off the metro train – are crucial, as the behaviour of users is essentially characterised by imitating
the behaviour of and following other people.
Leaving the train and walking along the escape route
along the tunnel wall is not a problem. However, especially with longer and more crowded trains, queues at
bottlenecks like the doors are to be expected (this was
not the case in the performed exercise, as all passengers
left the train through the door of only one coach). During the observed orderly getting off the train through a
door width of 1.3 m and a height difference of approximately 1.1 m, a “flow” of 0.23 persons per second (i. e.
everyone needed about 4 seconds for getting off ) was
recorded; the walking speed in the tunnel with artificial
smoke was approximately 1.4 m per second. As already
reported in paragraph 3, the test of the passenger app
was very satisfactory.
From the point of view of all parties involved –
passengers, drivers, dispatchers in the control centre
and rescue services – the large-scale U-THREAT exercise in Lyon was a great success. A video is available on
the U-THREAT website (paragraph 5). In the future,
further exercises will take place on other key topics,
Thienert, Willmann, Chaize and Pauzie:
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Fig. 8: External rescue of passengers
Source: Keolis Lyon

in particular, to further improve cooperation at interfaces.

5 Summary and Outlook
Enhancing the resilience of underground public transport systems is an ongoing task. In this context, safety
concepts have to be reviewed again and again and improved if necessary. This paper has dealt with interesting
approaches on two points:
1) Smartphone apps and social media have now found
their way into all areas of life and are available to
practically everyone and everywhere. Even if their
use in safety-critical situations is still viewed with
considerable doubts, the above-mentioned findings
have shown that they can certainly represent added
value even under special constraints.
GeoResources Journal 4 | 2021
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2) Exercises are, on the one hand, an effective instrument for assessing established approaches and identifying further potentials. On the other hand, they
are essential to be adequately prepared for exceptional events. Similar to the passenger app, the right
communication between the parties involved is one
key to success.
Further information is also available on the project
homepage https://www.u-threat.com and in the German [3] and the French [4] research report.
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The mining-equipment Suppliers of North
Rhine-Westphalia are helping to shape
sustainable Development in many Sectors –
even in China
Peter von Hartlieb, EnergyAgency.NRW, Dusseldorf, Germany

What does Sustainability mean?
Politicians, business leaders and environmental organisations talk about it continuously – sustainability. But
what exactly does sustainability mean? And what is really sustainable? When they hear the word sustainability many people immediately think of environmental
protection. However, the ecological pillar is just one
of three that are included in the term sustainability
(Fig. 1).
Sustainability is usually defined as ‘the integration of
environmental health, social equity and economic vitality
in order to create thriving, healthy, diverse and resilient
communities for this generation and generations to come’.
That at least is the academic interpretation.
Sustainable action – when viewed comprehensively
– requires the three pillars of the sustainability model
(Fig. 1), namely ecology, social commitment and economics, to be applied in combination. This calls for an
integrated approach and respect for the complex issues
involved.

SMEs have the expertise and commitment to innovation that is needed
to tackle the challenges that now face our society. They can contribute
to sustainability in many sectors of industry around the world, even in
China, as highlighted by these examples of the work of SMEs based in
North Rhine-Westphalia (NRW).
Mining • Tunnelling • Geotechnics • Ideas workshop• Sustainability •
SMEs • China • Global • Innovation • Machinery

The Saxon Past
The first reference to the term sustainability – short of
going back to the Old Testament or to the crop rotation
strategies that farmers used in the Middle Ages – can
be traced back to Hans Carl von Carlowitz, a mining
administrator employed by the Elector of Saxony. In his
book Sylvicultura oeconomica [1], published in 1713,
he writes about the wood shortage problem and examines the existing supply bottleneck and the measures
that need to be introduced by the forestry industry. The
ultimate objective was to make available sufficient supplies of the timber that was needed to support the ore
mines and smelting works operating in the Ore Mountains of Saxony, which formed one of the largest mining
and smelting centres in existence at that time. Von Carlowitz combined forestry expertise with first-hand experience and in doing so developed an entirely new theory.
The concept of sustainability is therefore a few hundred
years old and even back in the early 1700s it was making provisions for the three pillars depicted in Fig. 1, i. e.
economics, ecology and social concern – though these
were known by different names at the time.

Fig. 1: The 3-pillar model of sustainability
Source: https://www.remondis-nachhaltigkeit.de, language modified

The Chinese Present
The burgeoning Chinese economy, as we know it today,
is endowed with endless resources and technologies and
a workforce with specialist skills and abilities. These resources have to be used efficiently. The true danger for
the future viability and efficiency of China’s economy
lies in the fact that environmental pollution, ecological
catastrophes, rising accident figures and social upheavals
can all cause serious disruption.
The simplest solution that a neoclassical economy
like that of Beijing can adopt is to specify a clearly defined framework in which breaches of the law or failure
to comply with the rules have to be paid for – in whatever form this takes.
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All our Futures
Technological change based on the use of sustainable
operating equipment and materials is now needed everywhere, and this includes China. To achieve this we
have to take a dynamic, evolutionary approach and
ensure that new technologies are introduced without
delay. However, in many cases this means holding on
to the older, time-honoured practices, for these are reliable and relatively cheap and in any case others believe
in them too. Rethinking things is sometimes simply unnecessary.
Science and technology combined with good technological-economic partnerships can support meaningful transition. However, the solutions often have to overcome all manner of barriers to change and before they
are deployed a great deal of work will have to be done
to convince the sceptics. For this reason it is extremely
important that all the different science and technology
sectors, including that which deals with human behaviour, should be able to communicate with each other at
an interdisciplinary level [2].
In the mining industry complex thinking and a
networked way of working have been the reality for
decades. In the 1960s, for example, the German coal
industry began to develop standards for underground
machines. This work included the systematic discussion
and resolution of problems to do with mining hydraulics and was carried out in conjunction with equipment
suppliers both via technical standards committees and
at experimental mining establishments.
A partnership of German, Chinese and other foreign companies operating in the raw materials sector has
the capacity to identify opportunities of mutual longterm benefit. There are treasures there to be found and
they must be unearthed together.
As we near the end of 2021 it is time for us all to
come together with a sense of global responsibility to
help create a world that offers a viable and sustainable
future with better living standards for all – which means
every individual person and every company with its
competences and capabilities. The protection of the environment and man-made climate change are therefore
two of the biggest challenges of our time.
How this can work in practice is illustrated by the
three short examples presented below.

Sustainability Potential exemplified by
North Rhine-Westphalian SMEs
Participation with a sustainable Approach
FairCap is an investment company with a remit to acquire mid-sized undertakings in exceptional business
situations (e. g. carve out or succession) and transform
them comprehensively into sustainable, healthy organisations. Unlike typical private equity funds FairCap is a
long-term investment holding (evergreen fund) that is
therefore not subject to an end date and so can possess
GeoResources Journal 4 | 2021
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holdings on an open-ended basis. Sustainability is a key
aspect of FairCap’s investment philosophy.
This year FairCap also acquired a long-time member of the mining network of Agency.NRW. This acquisition involved business units of the Bartec Group, a
world market leader in explosion protection, with production sites at Menden, NRW (asset deal) and Tychy
in Polish Upper Silesia (share deal) that are globally
involved in the development and production, as well
as in the distribution and servicing, of electrical safety
switchgear and plant engineering and machine technology. The two production plants acquired by FairCap
from the Bartec Group will in future trade under the
names Exprotec GmbH and Exprotec Sp. z o.o.. They
are a good example of how FairCap focuses on the acquisition of units that are not part of a company’s core
business and, being divested by the corporate group,
require operational support as they transform into independent mid-sized undertakings. Exprotec is a sound
company with a first-rate customer base and highly motivated employees.

Expertise for the Energy Transition
Gelsenkirchen-based Energy Engineers have every right
to be proud of their broad-based expertise in all crucial
aspects of energy and energy efficiency and their twenty
years of comprehensive project experience. Preserving
and developing this know-how is the company’s primary strategic objective. The holistic approach adopted
in providing comprehensive advice and support to its
clients is based mainly on a policy of target-oriented cooperation involving experts from areas such as resource
management, renewable energies, mobility, energy
conversion and distribution, and energy efficiency in
buildings. Given the finite nature of fossil fuels an intensified use of renewable energies has become a key element in the practical application of climate protection
and is now crucial for the success of the global energy
transition. Furthermore, the renewable-energy sector is
currently making a significant contribution to the consolidation and growth of a diversified energy industry.
Huge technical advances have been made in the field
of renewable-energy generation in recent years. Energy
Engineers is one of the holding companies of EnergyAgency.NRW and with the Agency being wound up at
the end of 2021 after some 31 years of service Energy
Engineering will be stepping into the breach to ensure
that vital expertise of future relevance is preserved and
put to good use.

Protection of Ecosystems
The Fluid Competence company, which is based in Kamen, is an example of an innovative, open and straightforward SME operating out of North Rhine-Westphalia.
The company, which is currently involved in a Chinese
joint venture project, was taken over following a management buy-out. It supplies customers with sustain-
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able, biodegradable hydraulic fluids, thereby contributing to sustainability in the value-added chain. With
their improved fire and environmental protection levels
these water and polymer-based hydraulic fluids play a
major role in helping to reduce workplace exposure to
hazardous substances. The company’s products are all
tested and certified and some are even food-safety approved. In the case of machinery such as dumpers, tunnel lifters and log splitters, as used in industries ranging from timber and forestry, mining, construction and
agriculture through to maritime shipping, fluids of this
type can save fossil resources, reduce CO2 emissions and
effectively prevent the environmental pollution caused
by leakage and oil loss. Clients and customers of Fluid
Competence are assuming social responsibility by using
mineral oil-free products. The company can look back
on decades of collaboration with RAG in the field of
development, testing and product application. By 2018
RAG had already converted some 600 of its hydraulically-powered underground machines to biodegradable
fluids. With the current group of partner companies,
some with listed status, using hydraulic fluids supplied
by Fluid Competence the sustainability performance
of the company’s product line is able to benefit from
a process of continuous assessment and improvement.
Companies like Fluid Competence are doing their bit
to support and protect functioning ecosystems.

port along the road to greater sustainability, even in
China. But we do not have to keep reinventing the
wheel. Through adaption, substitution and participation in lived experience it is possible to progress rapidly
towards a more sustainable future.
Environmental start-ups are also invited to use these
case studies as an example of how German SMEs can
operate successfully in a global partnership with ecologically aware companies. Good ideas, innovation, knowhow, teamwork and perseverance will unlock the door
to success.
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These three selected examples from North RhineWestphalia indicate how SMEs can help provide sup-
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Mining to extract Gold – Groundwater
Protection with HDPE Geomembranes
Agru Kunststofftechnik m.b.H., Bad Hall, Austria

Dump leaching is used in an opencast mine in Kazakhstan. In order to protect the groundwater, a
large area had to be sealed with geomembranes
against aggressive media.
Mining • Geotechnics • Tailings • Sealing •
Groundwater protection • Geosynthetics

Fig. 1: Water reservoir In the Kazakh steppe lined with agru geomembranes

Dump or heap leaching is often used in mining to extract low-grade ores, in particular gold – as was the case
in an opencast mine in Kazakhstan.
Dump or heap leaching has been used since about
the mid-1980s and consists of the following steps:
▶▶ The ore extracted in the open pit is piled on geomembranes and sprayed with acyanide solution.
▶▶ The gold, which is finely distributed in the rock, dissolves as a cyanide complex.
▶▶ The gold-enriched solution is collected in tanks and
the gold is precipitated.
To protect the groundwater from contamination highquality HDPE geomembranes joined by welding are
suitable. This thermoplastic sealing guarantees a longterm groundwater protection. For the storage of mining
by-products of mining after the separation of the ore,
mining basins and embankments are often required.
These place particular demands on the durability of the
geomambranes, since they are in constant contact with
the aggressive, concentrated media.
For such a gold-processing plant like this in Kazakhstan, which also includes a grinding cleaning plant
and a water reservoir, Agru supplied over one million
square metres of HDPE geomembranes. This very large
quantity of geomembranes was professionally installed
by the customer using hot-gas and hot-wedge welding
equipment (Figs. 1 and 2).

Project Data

Fig. 2: Installation of geomembranes for heap leaching

▶▶ Installation: 2019-2020
▶▶ Location: Central Kazakhstan
▶▶ Products: Supply and installation of AGRU
MikroSpike liner with two different thicknesses:
▷▷ Material HDPE, geomembrane dimensions1 mm
thick , 7 m wide and 200 m long, smooth/smooth,
925,400 m2
▷▷ Material HDPE, geomembrane dimensions
2 mm thick, 7 m wide and 100 m long, smooth /
smooth, 198,100 m2

agru Kunststofftechnik m.b.H.
headquartered in Bad Hall, Austria via its Lining Systems product group
supplies geomembranes made of high-grade HDPE, FPP and FPO in qualitycontrolled high quality.
More information: www.agru.at/en/
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Sustainable Power Solutions
from Rolls-Royce for Mining

Rolf Behrens and Silke Rockenstein, Rolls-Royce Power Systems, Friedrichshafen, Germany

With its mtu brand, Rolls-Royce’s Power Systems business is a leading provider of advanced integrated and
sustainable power solutions for a wide range of applications, including mining equipment. mtu diesel engines
have been setting the benchmark for performance and
fuel efficiency in mining around the globe for decades.
They reliably power vehicles for underground and surface mining, including loaders such as excavators and
wheel loaders, transport vehicles such as dump trucks
or blast hole drilling rigs, and other mining equipment
– diesel-mechanical, diesel-electric or diesel-hydraulic.
Rolls-Royce has a plan of sequential steps for the
mining industry: from existing Tier 4 technology which
already reduces CO2 emissions by up to 6 per cent compared to Tier 2 engines to the use of sustainable fuels,
to new technologies such as fuel cells, hybrid solutions
and internal combustion engines that can run on sustainable fuels, as well as microgrid solutions for powering mines that can help reduce emissions and operating
costs (Fig. 1).
Scott Woodruff, head of Rolls-Royce’s global mining business, said, “Our environment is an important
issue for the mining industry. Mining companies are
leading the change and holding themselves accountable
with ambitious, responsible emissions reduction targets.
We will support the industry to meet these targets and
ultimately achieve carbon neutrality.”

Rolls-Royce Power Systems is a provider of sustainable power solutions
for, among others the mining industry. The company helps customers to
reduce emissions and to achieve climate neutrality. Rolls-Royce Power
Systems is on a development path from engine manufacturer to system
provider. This article describes the application of sustainable fuels and
carbon-free technologies in mining.
Mining • Sustainability • Innovation • Operation • Energy supply

Fig. 1: Sustainable components to reduce emissions and operating costs at
mines

Cooperation for the Development of a
hybrid Retrofit Solution for Mining Trucks
Rolls-Royce and Flanders Electric have agreed to develop a retrofit solution for hybridizing mining trucks
with mtu engines, batteries and hybrid control systems
(Fig. 2), and Flanders drive train solutions. The two
companies have signed a Memorandum of Understanding enabling them to offer a scalable retrofit kit
for hybridizing mining trucks in a wide range of mining applications. Flanders is an industry leader in the
development and sale of electric motors and generator
systems, as well as automation and control systems for
heavy industrial applications. The companies plan to
leverage their extensive experience to offer customers
hybrid solutions that aim to save fuel and reduce the
CO2 footprint of mining trucks as well as optimizing
vehicle power performance and efficiency, enabling
more climate-friendly and safer mining operations.
John Oliver, CEO and Chairman of the Board of
Flanders, said: “Improving our customers’ operations,
lowering their costs while enhancing their energy footprint, is a win for the mining industry and for the environment as a whole. We are excited to partner with
Behrens and Rockenstein:
Sustainable Solutions from Rolls-Royce for Mining

Fig. 2: Hybrid retrofit solution for mining trucks

Rolls-Royce Power Systems to deliver an industry leading hybrid power solution that will help our customers
achieve their energy or carbon reduction goals.”
Scott Woodruff said: “We are excited to shape the
mining industry’s sustainable future together with Flanders and further leverage our advanced hybrid technologies, which are already proven in the rail industry.
Together we will offer our customers integrated, futureoriented, hybrid solutions.”
The mining truck hybrid concept recovers braking
energy, using the mtu EnergyPack battery system. This
GeoResources Journal 4 | 2021
www.georesources.net
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mtu engines are expected to be compatible with these
fuels. Hydrogen-fuelled engines and fuel cells will also
soon be part of the company’s portfolio – initially in
stationary applications (for power generation), and later
possibly also in mining.

Microgrid Solutions for Mines

Fig. 3: Pioneering hybrid sustainable fuels for mining
trucks

Fig. 4:

Microgrid solutions for mines in remote regions

energy is then fed back to power the wheel motors, allowing the diesel engine to be downsized. The smaller
engine reduces fuel consumption and CO2 emissions by
up to 30 %, helping mining customers to achieve their
emissions reduction targets, while optimizing their operations. The hybrid concept also includes the DC/DC
converters which interface the battery system with the
DC link of the truck. The system is highly modular and
scalable for trucks of any size, working anywhere in the
world.
Hybrid solutions are already part of the mtu portfolio. The mtu Hybrid PowerPack is set to enter rail service
in the UK and helps customers cut fuel consumption
and CO2 emissions by up to 25 %. The drive solution
and its mtu batteries – which can also be used on hybrid
mining trucks – offer high performance, reliability and
maintenance friendliness while conforming to the highest safety standards.

Key Role of sustainable Fuels in
Decarbonising the Mining Industry
Rolls-Royce is also pioneering other technologies that
can help mining operators become more environmentally friendly and carbon neutral (Fig. 3): mtu engines
are currently being adapted to run on sustainable fuels produced from hydrogen using renewable energy.
These fuels play a key role in reducing greenhouse gas
emissions in applications that are difficult to electrify.
By 2023, the latest generations of 2000 and 4000 series
GeoResources Journal 4 | 2021
www.georesources.net

Microgrids are sustainable energy supply systems that
can be operated in remote regions independently of
public power grids (Fig. 4). For mine operators, energy
costs, which account on average for 15 % of the overall
operating costs of mine, are a key factor. And with a high
demand for electric power of potentially 50 to 100 MW
per mine, sustainability, efficiency and the reliability of
the energy supply are now becoming increasingly important in the industry. Microgrid solutions combine
renewable energy sources with conventional generation
such as gas or diesel and energy storage systems which
are then optimised through a central controller. Thus
they are able to ensure that the mine’s entire demand
for electricity is made available in a reliable and efficient
manner, and one that is eco-friendly, taking advantage
of the best locally available generation for the specific
application.
Besides diesel and gas generator sets, the solutions
offered by Rolls-Royce also include battery containers
combined with photovoltaic and wind power plants in
autonomous power grids. All the components are connected to each other via a smart energy management
system, which optimises the way in which the energy
is used both technically and commercially. Any excess
renewable energy can be stored in the batteries and then
made available whenever it is needed. At the same time,
fluctuations in power generated from renewable energy
sources due to weather conditions and the time of day
are compensated for with reliable diesel and gas generator sets, in addition to battery storage systems. The system is thus designed to provide a stable power supply at
all times – even when the demand for electric power is
high and when systems are required to operate around
the clock.

Conclusions
As part of its PS 2030 strategy, Rolls-Royce Power Systems is transforming itself from an engine manufacturer
to a provider of integrated sustainable solutions for a
climate-neutral future. The company has committed to
reducing greenhouse gas emissions from its new products by 35 % by 2030 compared to 2019. This goal will
be achieved through the use of sustainable fuels and
new CO2-free technologies.

Scott Woodruff
Vice President Mining, Rolls-Royce Power Systems
Contact:
scott.woodruff@ps.rolls-royce.com
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Possible Effects of Dust and harmful Gases on
Underground Fans
Dipl.-Ing. (FH) Jens Kegenhoff, Korfmann Lufttechnik GmbH, Witten, Germany

1 Introduction
Fans provide artificial air movement in mines. They are
assigned to different applications. Main fans provide
the total fresh air requirement for the mine workings
(Fig. 1). Auxiliary fans provide pressure boosting or relief and support the overall ventilation system. Special
fans are found around the primary haulage operation to
bring fresh air to the workplaces and the working face.
In doing so, they convey fresh and clean air. However,
their use is often not so simple and the demands are
much more than just a ‘clean’ and ‘fresh’ environment.
Fans working in a negative-pressure operation ingest air
that is already polluted. Special fans are located in places
to dilute or transport emissions. Other fans are located
in headings with blasting or mechanical excavation and
are subjected to heavy mechanical loads. These operating conditions require suitably designed equipment.
A mining fan may look similar to an industrial fan,
but the individual components of the mining fan have
to withstand quite different conditions. Like an underground miner himself, it needs to be ‘fit for mining’.
This suitability for mining applications is achieved if the
unit meets all the requirements for mechanical, electrical and chemical resistance. These requirements are not
the same in every mine, so the equipment often needs to
be adapted to suit.
This article uses examples taken from actual practice
to present cases where mine fans were fit for purpose
and where they were not.

Ventilating fans intended for use below ground
have to be deemed ‘fit for purpose’ and they must
be designed in a way that takes account of the
proposed operating conditions. Practical experience with fan systems has pointed to the negative
impact created by dust and gases, a factor that is
often overlooked at the equipment planning and
assessment stage.
Mining • Tunnelling • Ventilation • Mine fans •
Sustainability • Efficiency

Fig. 1: Main fan
Source of the figures: Korfmann Lufttechnik GmbH

2 Mechanical Load
There are many different mechanical loadings that a fan
is subjected to. Of course, the internal mechanical forces
acting on the impeller, shaft, bearings, motor and housing must be taken into account in the internal design.
Some of the loads that are not always considered are
those that occur due to other external parameters such
as transport (Fig. 2) or assembly and which do not fall
under the usual design criteria. These include sea and
land transport in areas with an inadequate infrastructure. Due to the topographic conditions, considerably
higher forces than with a load of only 1g (1g = acceleration due to gravity, this also being used as a measure
for other rates of acceleration) can act on the overall
structure. If these forces are not taken into account,
parts can be pre-damaged and considerably shorten the
service life in operation. Underground transport and
Kegenhoff:
Possible Effects of Dust and harmful Gases on Underground Fans

Fig. 2: Transport damage

the underground use itself often require partial dismantling of the components and non-standard placement
of the slinging points in order to bring the equipment
safely to its place of use with the tools available. Often,
the handling and operation of special ventilation fans
GeoResources Journal 4 | 2021
www.georesources.net
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Fig. 3: Handling below ground

Fig. 5: Impeller damage

underground does not come close to the specifications
in the operating instructions (Figs. 3 and 4). Mechanical forces that commonly occur in mining and act on
the housing should not immediately lead to damage
that makes operation impossible. Accordingly, a mining
fan requires a stable housing and mechanical integrity.
This also includes protection for the electrical connections and the motor as well as an engineering design that
adequately considers the mechanical influences on the
bearings, shaft, motor and impeller.
Larger particles of debris or loosened nuts from attachments that reach the rotating impeller can cause the
instantaneous destruction of the entire impeller (Fig. 5).
In some cases, however, the blades are only damaged but
continue to be operated - whether through ignorance or
intent. Sooner or later, this predamage leads to complete
failure of the impeller and thus a write-off. To prevent
this, maintenance is essential. Even simple visual inspections at an early stage can prevent far greater damage.
Even small particles can cause preliminary damage to
the impeller. The damage only becomes apparent after
an indefinite period of alternating loads. Therefore, for
large fans, regular inspections of the blade surfaces are
recommended. Depending on the blade material and
accessibility, this can also be done in-situ. An example
of this is the so-called red-white test (dye penetration
method) shown in Fig. 6. This is one way of testing for
surface cracks. By applying a fine penetrant dye and then
a developer medium hairline cracks can be detected and
GeoResources Journal 4 | 2021
www.georesources.net

Fig. 4: Collapsed air screen

Fig. 6: The ‘red-white’ test

the component replaced at an early stage. Another nondestructive surface method is magnetic particle testing.
For both methods, the material compatibility of the
component with the test method/material is prerequisite.
Blade damage can not only be caused by objects,
but also by extreme alternations of the blade loads during operation for which the impeller is not designed
(Figs. 7, 8 and 9). In particular, this includes pressure
peaks that counteract the pressure increase of the fan.
Rapid pressure changes can be generated by fast-closing
ventilation structures without pressure relief near main
or auxiliary fans, dampers, doors or gates that are located directly in the air stream and are closed for whatever reason. There are many possible causes for this, e. g.,
automated but mis-programmed gates, unintentional
operating errors by individuals, etc. Rapid pressure increases can cause fans to become unstable. In this unstable range, the fan is subjected to high aerodynamic loads
and may even be run in an erratic ‘pumping’ mode. This
mode of operation can completely destroy the fan in a
very short time, as the forces that occur exceed the design parameters many times over.
Special fans used in blasting operations are often
subjected to such loads by the shock waves from the
blast, greatly reducing the life expectancy of such an impeller. Only rarely are any measures applied to protect
the fan interior or cover the fan against shock waves.
Particular reference should be made here to potential
Kegenhoff:
Possible Effects of Dust and harmful Gases on Underground Fans
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Fig. 7: 2D depiction of fan-blade deformation
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Fig. 8: 3D depiction of fan-blade deformation

preliminary damage to the impeller by small pieces of
blasted rock.

3 Dust
3.1 Influences on the Mechanics
Heavily contaminated dirty air creates additional mechanical stress for a fan. This contributes to increased
wear of the components (Fig. 10). This applies especially to the impeller. The air speed increases through
the fan thereby turning the smallest particles into projectiles that attack the surface of the blade profile. In
particular, the blade tips become the focus of attention,
as they are fully engaged with the linear airflow on the
suction side (Fig. 11). The consequence of a blade that
is permanently loaded with particulates is that the tips
no longer conform to the flow and the resulting poor
flow paths. The internal forces increase, the efficiency
decreases, the power increases and the operating values for volume flow and pressure increase are no longer
achieved. The service life of the unit is considerably
shortened and the replacement of wear components has
to be carried out much earlier.
If the particulates in the air stream are solids such as
dust, the wear rate of the blade tips increases immensely
depending on the dust content. Especially dust con-

Fig. 9: Blade forces

Fig. 10: Fan affected by airborne salt particles

Fig. 11: Severe abrasion at the blade tips

Kegenhoff:
Possible Effects of Dust and harmful Gases on Underground Fans

taining quartz eats away at the blades, which are mostly
made of aluminium alloys, within a very short time
(Fig. 12).
But even fine, soft or moist dust can also cause more
damage than just material wear. Soft dust, e. g., tends to
settle between the cooling fins of the motors and clogs
them. The particles tend to adhere in corners and edges,
on screw heads and in places contaminated with lubri-

GeoResources Journal 4 | 2021
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Fig. 12: Dust deposits

Fig. 13: Anhydrite mine – fan position

the even distribution of the particles over the cross-section mean that they are also deposited uniformly. Initially, the balance of the rotation is not disturbed. However, as soon as the particles settle unevenly or a piece
of accumulated particle cake detaches, the imbalance
of the impeller suddenly increases. Increased vibrations
are the result, which lead to damage when critical values are reached. If this is to be prevented, the intake air
should not be contaminated with dust particles in the
first place. This can be achieved by using pre-separators
and de-dusting units. In any event, in most countries,
there is no alternative to the use of such units because,
apart from the advantages for the fans, they are especially important to ensure compliance with the applicable dust exposure limits and thus to protect the miners’
health. Where partial contamination of the air flow is
unavoidable, the fan must be checked by regular visual
inspections appropriate to its operation and cleaned if
necessary.
With the help of modern sensors, fans can also be
monitored automatically. An imbalance can be detected
by means of vibration monitoring. Unstable operation
in terms of fluid dynamics can be detected by means of
stall point monitoring, e. g., by means of a Petermann
probe. However, even these sensors can show errors depending on the environmental conditions and require
further technology and fine-tuning. Each operator must
decide for himself which type of monitoring is bestsuited to his operation.

3.2 I nfluences on the Electrics and other
Components

Fig. 14: Anhydrite mine – fan controller

cants or moisture. For a uniformly designed rotating
body such as the impeller, this is not critical in the first
instance because the movement of the component and
GeoResources Journal 4 | 2021
www.georesources.net

Often dusts and other solid particulates are not only a
mechanical problem. While some highly crystalline fine
particles put considerable strain on seals and lubricants,
some chemical compositions are more problematic for
other components. In particular, electrical components
can become contaminated and exhibit various fault patterns. Some dusts are so fine that they cannot be completely excluded from electrical enclosures, even with
higher protection classes and intensive maintenance
efforts. The fan control panel from an anhydrite mine
shows such case (Figs. 13 and 14). Here, the fan was
placed directly next to the main haulage road. The variable frequency fan drive was located in a niche next to
it that was not directly ventilated. This control panel
failed several times due to electrical faults in the circuit
boards (Fig. 15). More detailed examinations revealed
deposits of soot dust on coated circuit boards. The protection provided by the lacquered conductor tracks
was not sufficient. Even with a thin deposit, the dust
was so conductive that a short circuit occurred in adjacent components. This could be proven by a test with
a filter mat that was only a few days old. The cause was
quickly found: Next to the fan, the main heading was
sealed by an air door. However, this was passed several
times an hour by a vehicle, which had to stay in front of
the door for a few minutes each time. The vehicle was
Kegenhoff:
Possible Effects of Dust and harmful Gases on Underground Fans
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Fig. 15: Anhydrite mine – circuit board for fan
controller

an old traction unit without a particulate filter system
(Fig. 16). After passing through the door, the exhaust
fumes dispersed and were trapped in the niche, where
they gradually settled. If the door had been moved just
a little, the control niche had been slightly ventilated or
the cabinet had been sealed appropriately, there would
have been no damage and thus no failure. These operating conditions had not been taken into account during the planning phase and the customer had not made
any special demands on the control system beforehand.
Technical solutions to prevent such damage are certainly available. These include suitable filters and pressurised systems. However, most operators, at least in the
case of non-system-relevant plants, would prefer not to
make such investments. A cost analysis was not carried
out for the example described. Only the capital investment was considered. Nobody noticed that the electrician’s shift had already cleaned and bridged the control
cabinet three times. The investment in an expanded
system would not only have reduced the total financial
expenditure, but would also have made a contribution
to sustainability by reducing the carbon footprint.

4 Chemical Exposure
Equipment is exposed to chemical attack, which of
course varies greatly depending on use, operation and
local conditions. Fans used on ships, e. g., must always
be adapted to corresponding offshore conditions. Resistance to salty and humid air is essential. Similar requirements exist for main fans in salt mines when installed close to the shaft. Depending on the conditions
of the supply air, penetrating moisture together with the
salty air can cause corrosion as a consequence (Fig. 17).
In this case, it is not sufficient to just paint the steel components as normal. Other plastic components, such as
vibration dampers and compensator components, must
meet certain material requirements and must not age
prematurely. The materials in the construction of the
units must be selected carefully. Not all stainless steels
can be used in salt, nor in return air systems containing
enriched sulphur gases. If the composition is not clariKegenhoff:
Possible Effects of Dust and harmful Gases on Underground Fans
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Fig. 16: Anhydrite mine – mine vehicle with sooty
exhaust

Fig. 17: Surface corrosion caused by moisture and saltladen air

fied in advance, there is a risk of very rapid corrosion of
various materials. System components that are not operated permanently, such as shut-off and inspection flaps
or brakes, become pre-damaged and no longer function
properly.
In a few cases, a chemical reaction of different substances and materials used is possible. No plant or lubricant manufacturer can test all chemical compositions.
Reactions of new separating agents or lubricants with
certain local air contents are unpredictable. Especially
in mining, each deposit provides for a different chemical composition of the air without violating limits of
certain pollutants. Nevertheless, it is unavoidable that
components can be chemically damaged. The number
of chemical particles is particularly high inside the fan
due to the volume of air moved (Fig. 18). As a result,
the components are subjected to a far greater concentration than might be assumed at first glance. In principle,
the chemical resistance may be the same as for other
components, but the time factor exponentiates the risk
of damage.
A fan moves air that contains one of the essential
factors for corrosion: oxygen. Thus, only a few more
components are needed to achieve a real potential for
corrosion.
GeoResources Journal 4 | 2021
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an equally large risk potential that the operator must
consider in his overall risk analysis.

6 Conclusion

Fig. 18: Chemical corrosion inside a mine fan

5 Explosive Gases
There are many sets of rules for handling explosive mixtures in the conveying stream. The exact design requirements for electrical and non-electrical equipment are
specified in standards and directives, so they will not be
discussed further here. The machinery manufacturer is
required to have the explosion-proof design confirmed
by a certified third party body and thus guarantees the
mitigation of the risk. These requirements are in addition to those already described, so that the tests relating to material pairings and material properties are
even more extensive. Explosion protection, namely the
prevention of an open ignitable spark, must be guaranteed in accordance with the applicable regulations. In
particular, the focus is on the necessary equipotential
bonding, which may not only affect the individual machine. Elements with a large surface area and incorrect
painting or components that are not earthed represent

GeoResources Journal 4 | 2021
www.georesources.net

Practical examples show that the operator must always
consider the entire system from different perspectives.
In some cases, this gives rise to new types of faults that
neither the machinery manufacturers nor the machine
operators can recognise in advance in the normal framework of ‘state-of-the-art’ engineering.
However, being ‘fit for mining’ generally applies
to both the men and the machines that have to work
underground – and here ventilation plays a special role
in the context of their operating conditions and environment. And the experience that has been acquired in
this area can of course prove useful when installing fan
systems for the excavation and subsequent operation of
tunnels.
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Innovative Planning Method for
curved Overland Conveyors
BEUMER Group, Beckum, Germany

Since the late 1960s, Beumer Group has been developing and producing curved overland conveyors, making
the company one of the pioneers in this industry. Nothing has fundamentally changed in the functional principles of this technology since then - except for the feasible limits: With highly developed core components,
precise calculation methods and own planning tools,
the system provider continues to push the limits of
what is technically feasible - while drastically reducing
the time and costs involved both in the planning phase
and in the handling of projects.
“Our belt conveyors are able to solve complex problems with regard to the transport of any bulk material
whether in the mining or cement industry,” says Christoph Dorra, regional sales manager South America,
Conveying and Loading Systems, at Beumer Group.
“While the basic task to transport bulk material from
the material feed up to the final discharge point seems
to be comparable, on closer inspection no system is similar to the other. The spectrum of potential conveyed
materials alone requires individual consideration of the
components to be used with regard to wear resistance or
the maximum permissible gradients of a conveyor.” In
addition, the mass flow to be conveyed and the height
to be overcome are the main factors determining the dimensioning of the drive unit of an overland conveyor.
“A further challenge is posed by systems at high altitudes,” says Dorra. At altitudes exceeding 4,000 metres,
as it is often the case in the South American Andes, for
example, it must be considered that the air pressure and

Innovative components, precise calculation methods, many years of experience and digital planning tools optimise belt conveyor systems for
bulk materials and expand their areas of application in the mining and
other industries.
Mining • Industry • Bulk material • Design • Belt conveyor systems •
Sustainability • International

thus the density of the air decreases with increasing altitude. This reduces both the cooling effect and the insulating capacity of the air. As a consequence, the drive
units like frequency converters and electric motors do
not achieve the specified rated power that applies for
installation heights up to max. 1,000 m above mean sea
level. This is the so-called derating factor.
In addition to the pure material specification and
the mass to be conveyed over a certain height, the topography along the conveying route is of particular importance in the project planning.

The biggest Challenge: the Topography
“In 2009, we implemented an overland conveyor in
China that is able to curve on 85 % of the 12.5 km long
conveyor line between the quarry and the cement plant
(Fig. 1). The system literally winds its way to the destination, without any transfer point,” reports Dorra.
Potential obstacles appeared in the form of residential areas, roads and rivers that had to be crossed,
larger bodies of water or mountains that could not be

Fig. 1: Overland conveyor in China that is able to curve on 85 % of the 12.5 km long conveyor line.
Source of the figures: BEUMER Group GmbH & Co. KG

Beumer Group:
Innovative Planning Method for curved Overland Conveyors
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Pipe Conveyor for the environmentally
friendly Transport of Fly Ash in Belgium

Fig. 2: A 6.5 km long overland conveyor for coal as an alternative to four
straight conveyors with transfer towers.

crossed. “Not everyone would automatically think of an
overland conveyor as the optimal solution when faced
with these challenges,” says Dorra. “But for us, these
projects are a special attraction. Our target is to have as
few transfer points as possible along the entire conveyor
line”. This reduces both wear and tear and the environmental impact of dust, for example, but also increases
the availability of the overall system and significantly
improves ease of maintenance.

One Overland Conveyor as an Alternative
to four straight Conveyors
A good example for such challenges is represented by
the project of an American coal mine. Here, a overland
conveyor with a length of approx. 6.5 km conveys coal
from a new underground mine portal to its main coal
prepration plant (Fig. 2). In the original request for
quotation, the client requested four straight conveyors
where three transfer towers would have been needed.
For Beumer Group, there was clear potential for optimisation here, of which the system provider was able to
convince the customer.

The Beumer team was also faced with exciting challenges in a Belgian project. Since the 1970s, the residues
of a coal-fired power plant were landfilled on a fly ash
stockpile. It was intended to transform the terrain into
a nature park. In order to make this possible, the fly ash
had to be conveyed to the Mass river, about two kilometres away, where it is loaded onto ships for further transport. These bring the fly ash downstream to an adjacent
cement plant, where it is recycled as an aggregate.
A Pipe Conveyor is used, whose enclosed design
prevents the volatile material with the environment
and enables a low-noise transport. This was of particular significance in this project as the conveyor runs over
roads, rails and residential areas. In the residential areas,
a particularly noise-reduced idler design developed by
Beumer is used, which meets the high noise protection
requirements in this area. The prescribed limit of 35 dB
at a distance of ten metres from the conveyor roughly
corresponds to a very quiet room fan at low speed. Here,
the system also achieves a slope of 23 °, which can be easily implemented with a Pipe Conveyor. Because of the
rough terrain, special cranes and even helicopters were
used during the installation.

The individually Fitting System
How does the system provider manage to provide the
appropriate solution for each of these applications?
“We can draw on our comprehensive experience,” says
Martin Rewer, team lead overland conveyor at Beumer
Group. Beumer Group installed the first conveyor of
this type with horizontal curves already in 1969 and the
first downhill conveyor with regenerative drive in 1980.
Since the 1990s, Beumer Group has also developed into
one of the leading suppliers of Pipe Conveyors. In 2019,
two systems were commissioned in China that, with

Fig. 3: 3D model of terrain and conveyor: Earthworks (cut & fill) or steelwork structures can be quickly
and precisely balanced against each other in terms of drawings and calculations.
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5,500 tonnes of iron ore per hour, defined the current
performance peak of the globally installed systems of
this technology.
Since the first overland conveyor with horizontal
curves was constructed in 1969, components such as
idlers, belts and drives have continued to develop. In addition, the systems are becoming larger and longer and
the routes more complex. This resulted in the necessity
to also constantly improve the calculation and the planning tools in order to not only withstand the requirements, but to even be one step ahead.
In the first step of project planning, the systems must
be dimensioned for the respective task. Using companyowned calculation programmes, a team of experts calculates the existing motion resistances and the related
static and dynamic tractive forces of the belt of the system. These on the other hand determine both the drive
power to be installed and the belt strength, and are also
considered in the dimensioning of the horizontal curves.
“The energy consumption of long, horizontal belt
conveyors is determined by the main resistance in the
upper and return strand in stationary operating conditions,” describes Rewer. The energy consumption consists of the running resistance of the idlers, the indentation rolling resistance and the flexing resistance of both
the conveyed material and the belt when running over
the idlers. The forces required for overcoming these resistances depend on various operational and design parameters. They can be determined with the so-called single resistance method. If components with low running
resistances are considered, such as belts with reduced
indentation rolling resistance or running-optimised
idlers, the calculations of the systems nowadays show
considerably lower tractive forces of the belt than a few
years ago. This not only results in lower energy costs.
Since the tractive forces of the belt are at a lower level,
also the radii of the horizontal curves can be selected
to be correspondingly smaller, because these forces are
decisive for the design of these curves. Accordingly, the
routing of overland conveyors can now be realised in a
more flexible way and with smaller radii.

From the virtual Toolbox
“In order to plan the conveyor for the individual application, we reach into our virtual tool box,” Rewer
explains. “This way we can arrange the whole routing of
the system and then discuss it with the customer as a
3D plan”. BOLT, the Beumer Overland Layouting Tool
developed specifically for this purpose, generates almost
automatically a digital 3D model of the conveyor in
the virtual landscape during the project planning. The
required topography data are available in the public
domain or are provided by the customer. Often drones
are used. The aerial photographs include topographical
information, which is then processed into digital terrain
models.
In the simulation environment, the experts can adapt
the conveyor to the route. The almost real illustration of
Beumer Group:
Innovative Planning Method for curved Overland Conveyors
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Fig. 4: Project of a highway crossing – abov 3D model during the project
planning phase and belowreal image after commissioning

the conveyor in the landscape also serves to recognise
possible obstacles and to consider them accordingly in
the project planning. Furthermore, the technicians are
able to add the earthworks (cut & fill) and the steelwork
structures in simple and precise way and evaluate them
(Fig. 3). BOLT not only ensures a very fast first project
planning of the route. Especially modifications or adaptations during the project can be taken into account
within short time (Fig. 4). Project-critical data can be
supplied at short term by BOLT. It includes the definition of the entire equipments on the route as well as the
coordinates for foundation and earthworks. Since these
data are generated automatically and updated by BOLT
in case of modifications, possible required adaptations
of the route are not further time-critical. All necessary
data can be generated immediately after rescheduling.
“With this procedure we are able to considerably
accelerate the project planning,” promises Christoph
Dorra. “We have the possibility to provide the customer
in advance with a concrete 3D project planning, which
can be easily modified during the project life. This procedure allows us to tighten the time frame for the project”.

BEUMER Group
Contact: b
 eumer@beumergroup.com
www.beumergroup.com
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