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Opportunities in Times of Crisis
A presentation entitled ‘Never waste a good crisis’
and the current and all-consuming coronavirus
outbreak have inspired to look at the opportunities that present themselves in times of crisis. By
making sensible decisions, taking clear actions
and finding new pathways we will be able to take
advantage of future opportunities – for our society, our businesses and our private lives.
A Word on • Opportunity • Crisis • Future

I

recently heard a presentation entitled ‘Never waste a
good crisis’. This made me think: ‘Can a crisis be seen
as something positive?’ But the author was being absolutely serious. Even though the background and the
actual example cited in the presentation were in a totally different context, I believe that the ten ‘messages
for managers’ listed below can provide practical help for
making the most of opportunities in times of crisis –
whether it be for the current coronavirus emergency or
for any other crisis that we have to face:
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶

Slow down the pace of things
Recognise invisible filters
Build an effective and committed action team
Work through the problem
Make adjustments when they are needed
Liquidity is crucial
Be credible and reliable
Visibility and good communication are everything
Identify the underlying implications
Learn to seek out the truth in criticism

Our behaviour in times of crisis determines whether we
learn from events and continue to advance and prosper
or whether we languish in anger and frustration.

Slow down
The corona crisis has placed sudden and unexpected restrictions on our social life. However the message tells
us that we should generally slow things down when a
crisis strikes and should not make any rash or panicky
decisions or statements. Our initial subjective emotion
can deceive us, we need time to weigh things up.

Recognise invisible Filters
Invisible filters can limit our perception of things. We
should consider whether we are in fact filtering reality,
in order for example to preserve our ‘cosy’ world and
protect our comfort zone. Or are we so partisan that
we put our trust in something without recognising that
matters are changing for the worst. Questions raised by
Brummermann:
Opportunities in Times of Crisis
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outside sources can help us to digest all the options and
to see things from a different angle.

Build a suitable Team
Having a well-functioning team with the required professional skills and human competences, one that does
not hide the inconvenient truth, that heeds good advice,
makes changes when necessary and stands together, all
this is an extremely valuable tool for crisis management.
Difficult decisions require courage, but they have to be
taken – even if this means making mistakes along the way.

Work through the Problem
In a crisis you have to get to grips with the problem and
set priorities so that no time is wasted. You have to start
with the most important issue, the main evil, and then
move on to other matters step by step. When a patient
is seriously ill assistance will logically be provided in the
form of immediate artificial respiration before moving
on to the next set of procedures. It is really important
not to get bogged down in details but to split up the
workload, which also means to delegate, to let things
run, to show trust and to allow independent action.

Make Adjustments quickly when needed
In a crisis it is possible to make changes that in normal
times would generally be difficult to introduce fully and
consistently. When the objective is clear action must be
taken promptly, correctly and resolutely to respond to
the emergency. Major U-turns only act like a pendulum
with a large swing, for they harm public acceptance of
the change and detract from the impact of the transition process.
GeoResources Journal 1 | 2020
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Liquidity provides Freedom to operate
At moments of crisis financial reserves provide the time
that is needed for self-paced decision making and the
introduction of changes. For this reason it is important
to act early by placing a high priority on developing sufficient liquidity and building up reserves. In an emergency situation it is also helpful to make targeted cost
savings and to generate new income opportunities so as
to keep open a way out of the crisis.

Stay reliable
A real and present danger exists when a crisis arises and
people lose all trust in others. Trust is a valuable commodity: it cannot be bought or earned but it can easily
be lost. To call things as they are, to tell the whole truth
straight away, in other words to be honest and not to
whitewash events, and at the same time to treat those
affected with respect, such is the key to success. And this
also includes not deliberately making too many shortterm promises, but rather focusing on what is necessary.
Making apologies for previous mistakes now recognised
and accepted, even if not one’s own responsibility, are
very much the order of the day.

Visibility and good Communication are
everything
Maintaining visibility in times of crisis is an absolute
necessity, while hiding away in an ivory tower certainly is not. By dealing honestly and openly with one
another, and avoiding rigid hierarchies, we can maintain and create trust, mutual support and cohesion. Silence leads to misunderstanding. It is therefore helpful
to have regular and concise updates – for example at
weekly intervals – and these can usually be digital and
contact-free.

Identifying hidden Weaknesses
People are often driven by motives that are kept hidden
or not openly expressed. However, to put it in geotechnical terms, this can massively undermine the culture
and strategy that underpins our plans. Personal progression or the fear of being disadvantaged may be the reason why people are keen to communicate success without naming the mistakes that were made along the way.
In fact it is these that will help the company learn for
the future. External consultants can play a useful role
by uncovering hidden agendas and weaknesses in those
who have become professionally blinkered.

Conclusions from the ten-point Message
for Crisis Management
The ten points I have listed above are not intended as
ready-made solutions for guiding you safely through a
crisis. Emergency events of this kind are both exhausting and distressing and they call for some tough individual choices to be made. However, these ten points
could serve as a new way for us to develop in a crisis and
come out of it stronger than before. They are therefore
not just an annoying list of chores to be quickly forgotten as we seek to return to normality, but rather they
could do much to make day-to-day life quite different
and more meaningful in the years ahead. In our present
crisis situation the time has perhaps come to reflect on
various questions, such as:
▶▶ Are all energy-intensive business trips really necessary or could we not use modern technology to reduce these to sensible levels in order to help protect
our climate and environment and, quite simply, to
save time?
▶▶ Do we really want to take short holiday breaks to
distant lands without establishing any real contact
with the place or with the people there?
▶▶ Should we not rethink our supply chains and the
problem of resource security and make the adaptations and amendments that are needed, rather than
just looking at optimising costs all the time? Is our
society not calling out for greater awareness and
knowledge of the relevant interrelationships and of
the way our infrastructure works?
▶▶ Does growth at any price not harbour risks that we
have pushed to the back of our minds for too long?
Is less not sometimes more?
▶▶ Do we really need everything that we now take for
granted, or can we give up on some things – often
at no real cost to ourselves and in some cases with
a gain in the quality of life – in order to help those
living in poorer countries?
▶▶ Am I pursuing goals that I can identify with? And is
the company I work for doing the same?
Now is the time to make the right decisions without fear
or worry and to assume responsibility in leadership. For
as Erich Kästner so aptly put it, ‘living has always
been life threatening’.
with my best regards
Katrin Brummermann

Learn to seek out the Truth in Criticism
We should listen to external critics and reflect on what
they say. There are hard truths to be found in the viewpoints of others and these can be put to good use in our
decision making.
GeoResources Journal 1 | 2020
www.georesources.net
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High Risk Potential of Hose Lines on modern
high-pressure Compressors
Christian Wieczorek, Managing Director of A.S.T. Bochum GmbH, Bochum, Germany
Dipl.-Ing. Roland Herr, International freelance journalist, Wetzlar, Germany/Bangkok, Thailand

Background
Compressed air has been a standard feature at building sites and workplaces (above and below ground) for
many years and operating air-powered plant and equipment has become part of the daily routine. However,
modern compressors operate at much higher working
pressures than they did some years ago, while even today many construction sites still present a confusing
tangle of hoses with lines running everywhere (Fig. 1).
But routine can give a false sense of security and hazardous situations can easily arise and accidents happen.
The past two years have seen an increase in the number
of accidents occurring at European construction sites
when hose lines are being connected to high-pressure
compressors – and some of these have resulted in serious personal injury.
In view of these developments there is now an urgent need to explain the potential hazards that can arise
due in some cases to the extremely careless handling of
hose lines and high-pressure equipment. This paper focuses on solutions and techniques designed to ensure
that hoses are properly and securely connected to modern high-pressure compressors and that hose assemblies
are safely routed around the site (Fig. 2).

Construction Site Practices
Day-to-day Operations

Working with high-pressure equipment on construction sites that operate modern air compressors presents a high risk of serious accidents. The
article raises awareness to this particular hazard and provides advice on
selecting suitable hose line systems and on their correct operation and
handling at the workplace.
Geotechnics • Tunnelling • Mining • HSE • Construction operation

Fig. 1: Hose routing leaves significant room for improvement: there is
inadequate clamping, the hose radii are too small and the hoses
are not restrained
Source: A.S.T. Bochum GmbH

Modern compressors now operate at pressures of up to
40 bar, rather than the 10 to 25 bar that was commonplace some years ago. In recent years hose development
has tended to focus on improving the materials used, i. e.
new designs, cross sections and wall thicknesses, and on
adapting the assemblies to certain applications. However, the greatest challenges still come in the form of routine activities on site, where much has to be improvised
and equipment often has to be repaired (Figs. 3 and 4):
▶▶ Hose lines are extended or badly routed (kinked).
▶▶ Wrong-size clamps are used or clamps are not tightened up properly.
▶▶ In some extreme cases the couplings, hoses and connectors used are completely unsuitable:
▷▷ The hoses and hose fittings and the clamps/bracket clamps are not compatible with one another
and are not matched to the application.
Wieczorek and Herr:
High Risk Potential of Hose Lines on modern high-pressure Compressors

Fig. 2: Near perfect routing of the hose lines at a
construction site
Source: A.S.T. Bochum GmbH
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Fig. 3: Poor routing of hose lines presents a s ignificant risk of a
work-related accident

Fig. 4: Storage outdoors risk damaging the hoses and fittings
Source: A.S.T. Bochum GmbH

Source: A.S.T. Bochum GmbH

▷▷ In order to save money inferior and cheaper materials are sometimes preferred in place of more
trusted items and this poses a threat to persons
and machinery alike.
There is therefore significant potential for improvement
not only with regard to the choice of hose system and all
its components but also in terms of the way the equipment is handled on site.

Handling the high Pressures and
Temperatures associated with
modern Compressors
Problems often arise when connecting 2-inch hoses to
modern compressors that are designed to operate at
pressures of up to 40 bar. In such cases the traditional
band clamps that used to provide troublefree service at
operating pressures of up to 25 bar are no longer suitable (Fig. 5). The high pressures generated by modern
appliances can in some cases cause the temperature at
the compressor outlet to rise to over 100 °C. This combination of factors will result in failure even in the case
of tried-and-tested hose lines, and especially flat hoses,
that can normally cope with these high pressures. The
following section looks in more detail at suitable airline
systems and their respective connectors and fittings. As
well as using generally suitable systems it is also advisable to fit an upstream temperature-compensation line
directly to the compressor. Additional security in the
form of a hose safety cable is also essential in order to
cushion the powerful whiplash effect created when a
hose line fails and pressure is discharged in a violent and
sustained manner (Fig. 6).
Because of the high risk associated with compressed
air at high pressure it is specifically advised not to attempt to repair hose lines on site. Non-demountable
connectors should be used, as is the case in the hydraulics sector, so that in the event of damage to the line the
GeoResources Journal 1 | 2020
www.georesources.net

entire hose assembly can be replaced or a new component pressed back into place. This approach significantly increases workplace safety.

Compressed-air Line System with Hose,
Coupling and Connector
System Composition and Selection
The Lüdecke company in Amberg, Germany, has for
many years been supplying the international building industry with robust and very high-quality claw
couplings, as well as swivel-nut compression fittings
(mainly for hoses greater than one-inch in diameter),
that have been designed specifically for compressed-air
systems. A reliable hose assembly for compressed-air
work consists of:
▶▶ A flexible hose
▶▶ Hose fittings, e. g. couplings
▶▶ Connectors, e. g. clamps, pressed sleeves or clips,
whose purpose is to secure the fitting to the end of
the hose
Compression connectors are ideally suited to special
applications where modern high-pressure compressors
are used, though the fitting must be exactly matched to
the hose in question – especially when a flat hose is being used. Moreover, the contours of the hosetails must
be an exact fit for the hose so that the connection is at
all times able to withstand the high pressures and temperatures involved. Lüdecke now recommends the use
of hydraulically pressed sleeves instead of the clamps
previously used (Fig. 7).
Hose systems designed to meet the special demands
of compressed-air applications at construction sites will
generally feature components from different hose and
fitting suppliers. It is therefore very important to ensure
that the components in question are compatible for the
Wieczorek and Herr:
High Risk Potential of Hose Lines on modern high-pressure Compressors
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Fig. 5: Proper connector for
compressed-air equipment
up to 25 bar, but not for a
40 bar system

9

Fig. 6: Hose safety cable protects against
the whiplash effect (could be
tighter)

Fig. 7: Hydraulically pressed sleeve fittings
(orange, otr) are now recommended in
place of the once standard hose clamps
(yellow, otl)
Source: Lüdecke GmbH

Source: A.S.T. Bochum GmbH

Source: A.S.T. Bochum GmbH

particular demands of the job and that the products
used are of the required quality.
On the one hand there are many hose manufacturers and distributors who because of non-existent standard specifications are able to supply the market with
various hoses for the same system sizes and for identical
purposes. These products display significant differences,
including in their inner and outer diameter and hence
in wall thickness. The structure of the hoses and the material used in them are also subject to variation and this
can greatly limit their resistance to outside influences.
And then there are the fittings manufacturers. They
can supply a range of different fittings and connector
systems for the standard hose sizes produced by the
hose manufacturers. Like the hoses these fittings can
also exhibit wide dimensional tolerances. The hosetails
produced by various manufacturers, for example, can
differ in both shape and size.

Quality and Reliability are difficult
Parameters to predict
A connector is only as strong as its weakest link. Information on the maximum working pressures and operating temperatures of the individual hose components can
usually be obtained from the manufacturer’s own data
sheets. However, given the multitude of influencing
factors involved it is not possible to make general assertions about the resilience of a hose connection based on
its individual components. This applies to the hose as
well as to the fittings. System tests can provide information on the quality of the connection (Fig. 8).

the outset. In some cases this can result in major problems at the secure connection between the hose and the
fitting – particularly in view of the increasing demands
being placed on hose assemblies in terms of resistance
to high pressures, ambient and operating temperatures,
chemical substances and external mechanical loading.

Substandard Fittings
Compressed-air fittings sold on the commercial market
are frequently poorly cast and badly machined. This
problem applies to claw couplings and compression fittings just as much as to hose clamps. Using substandard
fittings and hose clamps poses significant safety risks.
With inaccurately machined hosetails and deviations
from specified sizes a secure hose connection cannot
be guaranteed. Many of today’s cast fittings also exhibit
a broad range of tolerances and this may prevent the
components from engaging properly and can result in
air leakage.
Fittings of substandard geometric design are only
one side of the story as far as the potential risk is concerned. Even more difficult to detect are the counterfeit

Ready-made Hose Lines
Ready-made hose lines often exhibit significant variations in pressure and temperature behaviour right from
Wieczorek and Herr:
High Risk Potential of Hose Lines on modern high-pressure Compressors

Fig. 8: Test bench with standard hose line specified at
up to 25 bar
Source: Lüdecke GmbH
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in Fig. 9 show. Consequently, components made from
substandard materials can easily fracture when subject
to high stress levels, for example when they are attached
to compressors that are vibrating heavily. Substandard
fittings and hose clamps constitute a significant safety
risk and operators are strongly advised against using
them. Components of this kind do not meet the relevant specifications and, moreover, usually do not have
a manufacturer’s label or specify the conditions of use.
Persons and companies responsible for distributing defective hose lines can generally be held liable to
recourse claims as a result of injury to persons and/or
damage to property as well as loss of production.
Fig. 9: Typical failure test on a counterfeit product
(left), with an original part (right) shown for
comparison purposes
Source: Lüdecke GmbH

products that contain low-quality, non-approved materials such as white cast iron. The high cementite content of white cast iron and other poor-quality materials
makes them very hard and brittle. They are therefore
unsuitable for use as a construction material for highload applications. Malleable cast iron is more time-consuming to produce and is therefore more expensive as
it undergoes an additional annealing procedure. Malleable cast iron has much better mechanical properties
(including considerable toughness) and is suitable for
applications in which components are subjected to intense dynamic loads and high mechanical forces.
Counterfeit versions of standardised compressedair fittings can therefore exhibit quite different types
of failure behaviour, as the comparative fracture tests
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General Conclusions on Using
compressed-air Equipment on
Construction Sites
A clear distinction needs to be drawn between working with air compressors operating at pressures of up to
25 bar and working with modern high-pressure units
capable of delivering much higher operating pressures.
Tried-and-tested systems with hose clamps can still
be used on equipment operating at pressures of up to
25 bar. For equipment generating pressures of up to
40 bar, however, it is advisable to fit the hose with hydraulically pressed sleeves and matching hosetails, while
at the same time respecting the specified operating temperatures. Hoses with a certain plastic content can be
especially prone to significant changes in their material
properties at high working temperatures and may begin
to ‘flow’. This is something that must be avoided at all
costs.
This is a situation that does not require the drafting of new standards or guidelines. What is important
is that users have a basic awareness of what is involved
and that they understand how crucial it is for workplace
safety to select the right system and to ensure that hoses are used carefully and competently when operating
compressed-air equipment. This means that only experienced personnel should be employed on work of this
kind, whether they be engineering staff or equipment
operators. In addition, compressed-air lines should always be fitted with parts from established suppliers who
provide safety data sheets, assembly instructions and
manufacturer’s warranties. By observing these rules it is
possible to prevent serious accidents occurring at construction sites.

Christian Wieczorek
is Managing Director of A.S.T. Bochum GmbH,
Bochum (Germany).
Contact: wieczorek@astbochum.de

Dipl.-Ing. Roland Herr
is an international freelance journalist based in
Wetzlar, Germany, and Bangkok, Thailand.
Contact: herrroland@t-online.de
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Innovative high-performance self-drilling
Micropiles and their possible Applications
Dipl.-Wi.-Ing. Björn Ischebeck and M.Sc. Freddy Lopez, Friedr. Ischebeck GmbH, Ennepetal, Germany

Introduction
Micropiling is one of the most successfully implemented deep foundation technologies. According to [1], a
micropile is a drilled and grouted, non-displacement
pile with a small-diameter (usually less than 300 mm),
and is typically reinforced. Due to the small pile diameter, micropiles can withstand significant axial loads and
moderate lateral loads. The loads are primarily transferred from the steel reinforcement to grout by friction,
and then to the soil in the micropile bond zone. The
end-bearing contribution to the external load bearing
capacity is usually neglected. In Europe, the execution
of micropiles is regulated by the harmonised standard
EN 14199:2015 [2].
Among different micropile typologies, self-drilling
micropiles have proven to be a very versatile solution
and have been increasingly used since their first development in the 1980´s, both for the construction of new
infrastructure and as reinforcement to retrofit existing
structures.
Self-drilling micropiles consist of continuously
threaded hollow bars, made of seamless steel pipes, installed via rotary percussive drilling. During the drilling
process, the micropiles are continuously grouted (dynamic injection), and a rough interlocking at the interface between grout and soil develops, and increases the
skin friction (Fig. 1).
The use of self-drilling micropiles allows a flexible
use of the drilling equipment, enabling the installation
of long micropiles even in confined spaces, obtaining
high drilling performances associated with very low vibrations.
It is due to their flexible installation process that
the use of self-drilling micropiles can be considered as
a cost-effective alternative to other deep foundation
technologies, such as large size piles (bored, driven or
displaced), which require large and heavy equipment
for which there is often too little room in areas with
restricted access and/or limited working space (typical
conditions for intra-urban interventions).
Following the rapid development in the construction industry, supported especially by the development
of more efficient high-performance drilling rigs, larger
hollow bar sizes have been developed to obtain higher
resistances, in order to transfer the acting loads to fewer
single elements. Several self-drilling micropile systems
are available, with a common range of internal load

Self-drilling micropiles allow flexible use of drilling equipment, enable
the installation of long micropiles even in confined spaces and obtain a
high drilling performance with very low vibrations. This article presents
an innovative high-performance self-drilling micropile with an internal
load bearing capacity of approx. 6,500 kN. The further product development and experience gained from installation tests are explained. Furthermore, the efficiency of the use of a bored pile, a group of micropiles
or and a single high-performance micropile is compared.
Geotechnics • Piles • Micropiles • Innovation • Testing • Efficiency

Fig. 1: Self-drilling micropiles: components, installation and
grouted body [3, 4]

bearing capacities between 150 and 3,200 kN, depending on the steel sections and grades.
This article describes the development of the Titan
196-130, which was conceived to provide a self-drilling
solution with a much higher internal load bearing capacity and able to be installed with available drilling rigs.

Development of the high-performance
Micropile Titan 196-130
The Titan 196-130 was developed to evaluate the limits
of current technology as regards both production and installation. The aim was to answer the following questions:
▶▶ Is it possible to produce a hollow bar, whose resistance doubles the current maximum available capacities using existing production units?
▶▶ Is it possible to produce the corresponding accessories (coupling nut, collar nut, drill bit, etc.)?
▶▶ Is it possible to install the self-drilling system using
available drilling equipment?
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Table 1:

Production

Geometrical properties of the
Titan 196-130 hollow bars

Raw material

Steel
pipe
193x32

Steel grade

S460NH

The production trials began in 2015 at the Friedr. Ischebeck GmbH facilities in Ennepetal, Germany. To obtain
the desired load bearing capacity of approx. 6,400 kN,
steel pipes 193 x 32 (S460NH) were chosen. The geometric properties of the produced hollow bars and accessories are presented in the Tables 1, 2 and 3. Table 4
facilitates unit conversions.

Outer diameter (OD) [mm] 196
Inner diameter (ID) [mm] 130
Length

[m] 3.0

Thread height
Thread direction

Righthanded

Cross section

[mm2] 16077

Weight

[kg/m] 127.3

Table 2:

Load-bearing Capacity

[mm] 2.95

Geometrical properties of the coupling nut

Raw material

Steel
pipe
254x36

Steel grade

S460NH

Outer diameter (OD) [mm] 254
Inner diameter (ID) [mm] 198
Length
Thread direction

[mm] 2.95
Righthanded

Cross section

[mm2] 101.5

Weight

[kg/m] 127.3

Table 3:

Installation and Equipment

[m] 0.6

Thread height

Geometrical properties of the collar nut

Raw material

Steel
pipe
254x36

Steel grade

S460NH

Outer diameter (OD) [mm] 254
Inner diameter (ID) [mm] 198
Length

[m] 0.3

Thread height
Thread direction

Table 4:

Length
Force
Pressure
Stresses

[mm] 2.95
Righthanded

Cross section

[mm2] 49

Weight

[kg/m] 127.3

Conversion factors for units

Dimension

When you know

Multiply by

To find

centimetres[cm]

0.394

inches[in]

meters[m]

3.281

feet[ft]

kilonewtons[kN]

224.81

poundforce[lbf ]

meganewtons[MN]

224.81

kilopoundforce[kip]

bars 
kilopascals 
megapascals 

[bar]

0.01

[kPa (kN/m²)]

0.145

[MPa (MN/m²)]

145

GeoResources Journal 1 | 2020
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Tensile tests were carried out at the material testing
institute Materialprüfanstalt für das Bauwesen und
Produktionstechnik (MPA Hannover), Hannover in
Germany to determine the mechanical parameters of
the hollow bars. A 10 MN testing machine (Fig. 2, otl)
was used to perform the tests according to ISO 6892-1
[5]. Fig. 2 (otr) shows an exemplary load-displacement
diagram. The results of the load tests are summarised in
Table 5. The determined (characteristic) load-bearing
capacity of the hollow bars exceeded the aimed value of
6,400 kN.

kilopoundforce
per square inch

[ksi]

poundforce
per square inch

[psi]

Drilling trials were carried out in March 2018 at the
Friedr. Ischebeck GmbH facilities in Ennepetal, Germany by the Co. Neidhardt Grundbau GmbH, Hamburg in Germany. The location of the trials is presented
in Fig. 3. Table 6 and Fig. 4 show the equipment used
for the drilling trials.
During the trials, four drillings with a length up to
24 m were conducted. The ground conditions at the
trial site are schematically presented in Fig. 5. The subsoil in the area consists mainly of a granular infill, underlaid by claystone formations with different weathering
grades. The hardness of the claystone increases with the
depth. Three types of drill bits (Fig. 6) were used during
the trials.
During the drilling trials, a maximum depth of 24 m
was reached, limited mainly by the capacity of the available equipment:
▶▶ The drifter reached its maximum torque capacity of
7,000 Nm.
▶▶ The grouting station reached its maximum handling
capacity for the combination of flow rate and pressure, required to ensure a continuous flushing process for a cement grout with a water/cement ratio
(w/c ratio) of roughly 0.8.
After reaching the maximum depth, the assembled
“drilling rod” was extracted. No signs of damage were
observed on the hollow bars and coupling nuts. The
carbide cross-cut drill bits showed only little abrasion,
while the other drill bits revealed more signs of wear.
The results of the drilling trials are summarised in
Table 7.
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Fig. 2: Load tests (tension) of the Titan 196-130 hollow bars

Scope of Application

Table 5:

Results of the load tests (tension)

As previously described, the motivation was to provide
a high-performance, self-drilling single element as an
alternative to conventional bored piles (also known as
drilled shafts). The main focus is on applications requiring high capacities while the access to the construction
sites or the space for the drilling operations are restricted. Such conditions are typical in urban environments.
To evaluate if the above-mentioned application field
is technically and economically feasible, the use of a Titan 196-130 was compared to a single large cast-in-place
bored pile (diameter D = 0.8 m) and to a group of smaller micropiles (Titan 103/51). The ground conditions at
the trial site were taken into account here.

Test samples

Estimation of the Load Bearing Capacity
according to the German Practice

Average tensile strength Rm 

Titan 196-130

Outer diameter (OD) 

[mm]

196

Inner diameter (ID) 

[mm]

130

[m]

2.5

Sample length 
Average cross section 
Sample weight 

[mm ]
2

16,077

[kg]

315

Average yield load at 0.2 % elongation Fp,0.2 

[kN]

6,872

Characteristic (5%-fractal) load-bearing capacity Fp,0.2k
(according to EN 1990, Annex D [6])

[kN]

Average yield strength at 0.2 % elongation Rp,0.2 
Average maximum load Fm 
Elongation at maximum load Agt 
Ratio Rm / Rp,0.2 

6,465

[MN/m2]

427

[kN]

9,601

[%]

9.5

2

[MN/m ]

597

[-]

1.4

The load bearing capacities of both the bored pile
(D = 0.8 m) and the Titan 196-130 were estimated using an analytical model, in accordance with the German
practice and the current European regulations for geotechnical design, the Eurocode 7 [7], and the Recommendations on Piling (EAP) published by the German
Geotechnical Society [8].
In the case of bored piles the characteristic pile resistance Rc,k can be obtained from the tip or base resistance Rb,k and the shaft resistance Rs,k:
Rc,k = Rb,k + Rs,k ................................................................ (1)
Rb,k = π/4 . D2 . qb,k ........................................................... (2)
Rs,k =π . D . ∑(qs,ki . Ll) ..................................................... (3)
With:
D
Ll
qb,k
qs,ki

pile diameter
length
characteristic base pressure
characteristic skin friction

Fig. 3: Location of the drilling trials

Both the base and the shaft resistance are dependent on
the pile settlements s. According to [8], the base and
shaft resistance can be obtained from the pile geometry,
the characteristic base pressure qb,k of the load bearing
stratum for settlements corresponding to 2 %, 3 % and

Ischebeck and Lopez:
Innovative high-performance super self-drilling Micropiles and their possible Applications

GeoResources Journal 1 | 2020
www.georesources.net

14

Geotechnics

Fig.4:

Equipment used for the drilling trials
Table 6:

Equipment used for the drilling trials

Drill rig

Casagrande C8-2

Weight

[kg]

Mast length

[m]

Drifter

7.0
Klemm KD 1828R

Torque

[Nm]

7,000

Single blow energy

[Nm]

900

Blow frequency

[blow/min]

Piston weight

[kg]

Excavator with hydraulic manipulator
Weight

[kg]

Grouting station (mix-pump-unit)

Fig. 5: Ground conditions at the trial site

21,680

2,100
28
IMB GMA 250
5,000
Scheltzke MPS 100

Flow rate

[liter/min]

Pressure

[bar]

Weight

[kg]

170
up to 20
(for the flow rate
of 170 litre/min)
2,450

10 % of the pile diameter D and the characteristic skin
friction qs,k of the surrounding soils, which increases
linearly with the settlements until a limit value ss,g is
reached:
ss,g = 5 . 10-4 . Rs,k (s ) [kN] + 0.5 cm ≤ 3 cm ................ (4)
s,g

Fig. 6: Drill bits used during the trials
GeoResources Journal 1 | 2020
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For friction elements the characteristic micropile resistance Rc,k is obtained from the shaft resistance Rs,k only
(equations (3) and (4)), usually neglecting the contribution of the base resistance Rb,k = 0.
It is worth mentioning that an extensive, calibrated
database of empirical values is provided for both the base
pressure and skin friction for bored piles and micropiles,
dependent on the average penetrometer (CPT) tip resistance qc for non-cohesive soils, the undrained shear
strength for cohesive soils cu,k, and the unconfined compressive strength qu,k for rocks and cemented soils.
Ischebeck and Lopez:
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Table 8:

Layer

Test No.

1

2

3

4

Maximum length[m]

24

24

24

24

rotary
(0 to 6 m)

rotary
(0 to 6 m)

rotary
(0 to 12 m)

rotarypercussion
(6 to 24 m)

rotarypercussion
(6 to 24 m)

rotarypercussion
(12 to 24 m)

rotarypercussion
(0 to 24 m)

Total drilling time[hours]

3

3 to 4

3 to 4

3

Average drilling ratio[min/m]

2´10”

3´55”

2´50”

2´20”

Drilling process

Flushing fluid

Description

Base
pressure
qb,k
[kN/m2]

Skin
friction
qs,k
[kN/m2]

Grout consumption[m ]

6 to 10

10

3

700

2a

claystone,
moderately weathered,
moderately hard

3,000

2.5

3

rotary bit

carbide
cutting tool

carbide
cross-cut

Drill bit diameter[mm]

340

311

311

340

Borehole diameter[mm]
(measured at the surface)

390

360

360

360

Drill bit

length from 48 linear meters (3 x 16 m) to 21 m. Considering that the drilling rig required for the installation
of the Titan 196-130 is commonly used to install the
smaller micropiles, the use of a single high-performance
micropile can optimise the drilling operation time considerably.

Foundations and underpinning
ANENT
with pile groups
RM

2b

claystone,
weathered, weak

2,000

200

250

2c

claystone,
moderately
w eathered, hard

3,500

350

450

2d

claystone,
partially weathered,
hard

4,000

400

500

p
t ap
D IB

smar t

Parameters for bored piles according to [8]
Parameters for micropiles according to [8] and [9]

34
r. Z -

.1 4 -

209

i
amento de
Dimension
line
on
li
pa
ro
ic
m

smar t

RM

D IB

70

Designing

400

ANENT
k
n Ischebec
09

sungen vo

digitale Lö

smar t
300

5 to 18

2.5

Skin
friction
qs,k
[kN/m2]

1

5 to 15

carbide
cross-cut

3

Micropiles

granular infill,
loosen-medium
dense

40

cement grout (w/c = 0.7 to 0.8)

Injection pressure[bar]

Adopted parameters for the analysis

Bored piles

Summary of the drilling trials

PE

Based on the information available, the parameters listed in Table 8 were adopted to evaluate the load-bearing
behaviour of the bored pile and the micropiles.
Considering a design compressive load Ed = 5,400 kN
and using the parameters listed in Table 8, the loadbearing capacity of a bored pile (drilled shaft), the Titan
196-130 and a group of micropiles (3) Titan 103-51was
obtained. The results are summarised in Fig. 7 and
Table 9.
For the described ground conditions, the lengths
required to resist the design action of 5,400 kN were
obtained for a single high-performance micropile Titan
196-130, a large bored pile (D = 0.8 m) and a group of
three micropiles Titan 103-51.
Compared to the bored pile, the use of the Titan
196-130 can dramatically reduce the equipment costs
(operation and transport to the construction site),
since a very large rig (i. e. BG 18 or larger) would be required to drill the 0.8 m diameter shaft, possibly requiring a temporary steel casing or a stabilising suspension
(bentonite or polymers), due to the weathering of the
claystone. Even though the constitutive materials of the
bored pile (self-compacting concrete and the reinforcement cage) are definitely less expensive than the steel
for the Titan 196-130, the installation time of the latter
(about 2.5 hours for one 21 m-long micropile) is considerably shorter than the installation time for a bored pile,
which ranges from 5 to 8 hours per pile, if drilling with
polymers or with a temporary steel casing, respectively.
Compared to a group of three Titan 103-51, the
use of the Titan 196-130 reduces the total installation

Table 7:

PE

Comparison with a bored Pile and with a
single Pile and a Group of Titan 103-51

ta

Z-34
p p r.

micropiles

.1 4 -

2

online

• Groups of micropiles in radial arrangement =
more effective than piles with relatively large mass
• Less settlement compared to large diameter bored piles
messen
le online be
• Reduced risk of soil liquefaction
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• Compressive, tensile and cyclic loads
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References

Design summary

Parameter

Group of 3 Titan 103-51

Bored
pile

Titan
196-130

Single

Group

5,400

1,800

5,400

Design action Ed 

[kN]

5,400

Diameter D

[m]

0.8

0.36

0.2

–

–

Cross-cut
/ 340

Tri-wing / 175

–

21

16

48

Drill bit / Diameter d[mm]
Length L 

[m]

13.5

Base resistance Rb,k

[kN]

1,759

0

0

0

Shaft resistance Rs,k

[kN]

6,019

7,645

2,671

8,013

Total resistance Rc,k

[kN]

7,779

7,645

2,671

8,013

Partial safety factor for
resistance (comp) γp[–]
Design resistance Rc,d

[kN]

1.4
5,556

5,461

1,907

5,723

Internal load bearing capacity RM,k[kN]
according to [10]

–

6,465

2,500

–

Partial safety factor for
material resistance γM[–]

–

Design Load bearing capacity RM,d[kN]
Verifications: Rc,d ≥ Ed
RM,d ≥ Ed

OK

1.15

–

5,621

2,173

OK

OK

OK
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Fig. 7: Design summary

Summary and Conclusions
This article describes the motivation for the development of a high-performance self-drilling micropile, the
Titan 196-130, with twice the load bearing capacity of
existing load-bearing micropiles on the basis of [11]. As
the results of the different conducted tests show, the
production and installation of the Titan 196-130 can
be performed using available equipment, expanding the
capabilities of the existing technology.
Depending on the ground conditions, the use of a single Titan 196-130 can be an advantageous alternative to
replace large-diameter bored piles. Even though material
costs show significant differences, making cast-in-place
concrete piles cheaper, the logistic and operative costs can
be clearly reduced using a high-performance self-drilling
micropile, which can be flexibly installed even in areas
with restricted space and which has only a low negative
impact on the surrounding work environment.
GeoResources Journal 1 | 2020
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Long-term Experience in Stabilising Slopes
with high-tensile Wire Mesh
Dipl.-Geol. Eberhard Gröner and Dipl.-Ing. Armin Roduner, Geobrugg AG, Romanshorn, Switzerland

Introduction
Since 2000, mesh made of high-tensile steel wire (tensile strength > 1,770 N/mm²) has been used to stabilise
slopes in areas of loose rock and rock prone to disintegration (Fig. 1). In many cases, this is an economical solution compared to conventional systems such as shotcrete and wire mesh of low tensile strength. A proven
design method is available for mathematical checking.
The safety level and reliability are therefore significantly
higher than with constructional measures.
The sustainability and economic efficiency of such
stabilising systems can be determined by taking their expected service life into account. The longer the systems
are in use, the more reliably their service life can be estimated and a statement on sustainability made.
This paper discusses three case studies of slope stabilisation with high-strength wire mesh dating from the
years 2000 and 2005. After a description of the situation
before or during installation, the overall condition, the
state of the vegetation, the stabilising effect, the deformations and the condition of selected components 11,
13 and 17 years after installation are described. In addition to the visual inspection, the Zn/Al coatings of the
meshes were randomly examined in the laboratory in
order to estimate their expected service life. For a better
understanding of the case studies, a general explanation
of the stabilising system with high-tensile wire mesh and
its design is briefly given.

Slope Stabilisation with high-tensile
Wire Meshes
The System
In 1999, Geobrugg AG, in Romanshorn, Switzerland,
developed meshes made of high-tensile steel wire with a
rhombus-shaped structure. This combined the easy handling of wire mesh and its high tensile strength. During
the development of the system it became clear that the
transmission of loads via the mesh into the nailing is of
paramount importance. Therefore, the anchor plates to
be used, so-called spike plates, were adapted to the new
requirements in terms of size, geometry and bending
resistance.
Thanks to the high tensile strength of > 1,770 N/mm²
of the high-tensile wire used, Geobrugg’s standard Tecco G65/3 mesh, for example, enables punching loads of
180 or 90 kN to be transmitted from slipping soil or
Gröner and Roduner:
Long-term Experience in Stabilising Slopes with high-tensile Wire Mesh

This article deals with the long-term behaviour of
slope stabilisation projects using high-tensile wire
mesh. Experience from three case studies from
2000 and 2005, which were visually inspected 11,
13 and 17 years after installation, and investigations of the corrosion-protective coating of the
wires are used to estimate the service life.
Geotechnics • Slope stabilisation • Mesh •
Monitoring • Long-term behaviour

Fig. 1: Steep slope with a protection made of highstrength steel wire mesh – System Tecco

rock bodies into the nailing. In this way, the slope stabilisation system can be actively pre-tensioned against the
subsoil (Fig. 2). The cross-section of the predominately
unstable mass lies between the pressure cones shown.

Design for near-surface Instabilities
and Slips
The design of the system, consisting of high-tensile wire
mesh combined with system spike plates and nailing,
was carried out according to the Ruvolum design concept for the application cases presented. This is generally valid and can be used for the design for near-surface
instabilities in soil as well as in severely loosened rock
slopes. The design is based on the bearing resistances
of the individual components, which were determined
in realistic, repeatable tests. The design concept was
described in detail by Rüegger [1, 2]. It includes the
GeoResources Journal 1 | 2020
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investigation of near-surface, slope-parallel instabilities (Fig. 3) as well as the investigation of local instabilities between the individual nails (Fig. 4). Influences
of seepage pressure and earthquake forces can also be
taken into account. The design concept was tested in a
research project with 31 large field tests (Fig. 5) from
2012 to 2015 and its suitability for practical application
was proven [3].

Fig. 2: Pre-tensioning of mesh in the area of the
pressure cones of the nail head plates

Case Studies – Execution, Inspections
and Sampling
General
For a long-term study, three slopes were selected which
had been stabilised about 13 and 18 years ago (Table 1)
and on which inspections could later be carried out.
Embankments along roads were preferred because of
their better accessibility. The inspections were carried
out with random samples at the upper and lower edges
of the stabilised area and at intermediate points. The following main points were considered for the assessment:

Fig. 3: Near-surface instabilities parallel to the slope

▶▶
▶▶
▶▶
▶▶
▶▶
▶▶

Overall condition of the stabilised area
State of the vegetation
Erosion, and visible movements
Changes behind the mesh
Visual assessment of the components
Condition of the corrosion protection

The findings of the inspections are described individually for each of the three case studies and discussed together below. Samples of the meshes for testing the Zn/
Al coating were taken after subjective selection in areas
with expected high removal rates in the splash-water areas or in areas of alternating humidity, as well as in areas
with somewhat lower removal rates.

Case Study Mülheim an der Ruhr, Germany

Fig. 4: Local instabilities between the individual nails

Fig. 5: Large-scale field trial for verification of the
design concept
GeoResources Journal 1 | 2020
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The stabilised embankment extends along the river
Ruhr over a length of approx. 350 m with heights of
around 8 to 15 m and a south-facing orientation. The
lower area consists of rock inclined at between 50 and
80 °, and the upper area is soil with inclinations of about
30 to 50 °.
Prior to the installation of the stabilising system, in
addition to isolated rockfall, around 1 m of the nearsurface layer had slipped onto the road in several areas
because of weathering. Fig. 6 shows how the embankment was cleared of loose material and vegetation in
2000. Some trees were left standing to be integrated
into the stabilised area.
After the nails and the mesh were installed, humus
was laid on the embankment in the soil area and wet
seeded. The success of the vegetation is shown in Fig. 7.
The assessment after 17 years in September 2017 shows
lush vegetation (Fig. 8). It can be seen that the area
near the road has been regularly trimmed. Further up
Gröner and Roduner:
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the slope are smaller bushes and undergrowth, and then
larger trees and bushes. Comparison of Figs. 6 and 8
shows the development of the vegetation.
On close inspection, trees were found which had
grown completely into the mesh. The tree trunks had
diameters of up to about 70 cm. The mesh is still in
close contact with the slope and has not been pushed
up (Fig. 9).
No significant changes were found in the mesh, edge
ropes, spike plates and fasteners. In the area of some nail
heads, a reddish discolouration due to removal of the
protective coating was observed, but this is not a problem (Fig. 10).
The meshes exhibited only a slight amount of bulging. In some areas the grass had dried out due to seasonal influences. Small branches, leaves and stones were
retained by the remains of vegetation (Fig. 10).
Samples for testing the Zn/Al coating were taken at
three sheltered points on the upper slope and at three
points in the splash-water area along the road.
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Table 1:

Case study

Mülheim an der
Ruhr, Germany

Vaduz, Principality
of Liechtenstein

2000

2005

2005

Slope length

approx. 350 m

approx. 150 m

approx. 40 m

Slope height

approx. 8 to 15 m

approx. 6 to 10 m

approx. 8 to 10 m

Slope inclination

bottom 50 to 80 °,
top 30 to 50 °

about 50 °,
in the rock approx. 80 °

30 to 45°

Orientation

South-west

West

East

Foundation soil

bottom rock,
top loose rock

on the surface mostly
weathered rock with
a high proportion of
fines,
small area of rock

cohesive soils with
a high proportion of
fines

Previous situation

isolated rockfall,
in several areas nearsurface layer slipped
onto the road

replacement for
wooden shoring
in the slope cutting

landslip in the road
area

Stabilisation

nails,
Tecco G65/3 mesh,
in upper area topsoil
and wet seeding

nails,
Tecco G65/3 mesh,
edge ropes at top of
embankment,
tree trunks as collision
protection at bottom,
no active vegetation
and no erosion
protection

Tecco G65/3 mesh,
in the lower area
erosion-protection
mat made of coconut/
jute fibres

Inspection

September 2017

March 2018

July 2016

Fig. 6: Mülheim an der Ruhr, 2000 – clearing of the
slope and removal of unstable areas

Fig. 7: Mülheim an der Ruhr, 2000 – stabilised slope
after active vegetating with wet seeding

Fig. 8: Mülheim an der Ruhr, 2017 – embankment
after 17 years with lush vegetation

Fig. 9: Mülheim an der Ruhr, 2017 – tree growing into
the mesh without deformation and lifting of
the mesh

Gröner and Roduner:
Long-term Experience in Stabilising Slopes with high-tensile Wire Mesh

Grabenstetter
Steige, Germany

Year of installation

Case Study Vaduz, Principality of
Liechtenstein
The installation is located on a forest road in Vaduz
in the Principality of Liechtenstein. The length of the
embankment is about 150 m with a height of about

Boundary conditions of the three selected case studies
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Fig. 10: Mülheim an der Ruhr, 2017 – mesh, lower
edge rope, spike plate and nailing

Fig. 11: Vaduz, Liechtenstein, 2005 – stabilisation
measures completed

Fig. 12: Vaduz, Liechtenstein, 2018 – slope after 13
years with lush vegetation

Fig. 13: Vaduz, Liechtenstein, 2018 – taut mesh in the
lower and local defects in the upper part of
the slope

6 to 10 m. Its surface consists mainly of slope debris
with a high proportion of fine particles and is inclined
at around 50 °. A smaller section lies in the rock area
with an inclination of up to 80 ° (Fig. 11). The embankment was stabilised in 2005 with high-strength mesh in
combination with nailing. At the crest of the slope, edge
ropes were used to finish the installation. At the lower
edge, the mesh was laid under the path and protected
by tree trunks against collision damage (Fig. 11). No
attempt at vegetating was made, nor was an erosionprotection mat installed.
The inspection, 13 years later in March 2018,
showed that seasonal vegetation had established itself
quite well (Fig. 12). As result of the leaching out of fine
particles, there was less vegetation in areas with a higher
proportion of gravel. In the lower area, slippage had led
to a tautening of the mesh. This meant that the slip areas
were ideally stabilised. In the upper part of the slope several cavities were visible behind the mesh. This had led
to a gap of up to 30 cm between the mesh and the subsoil. The defects were limited to a small area and did not
continue to the top (Fig. 13). The tree trunks installed
as collision protection showed clear signs of disintegration due to the changing humidity conditions.
The individual system components showed only minor changes. The only traces of corrosion were on the

interfaces of the nails, but this is not seen as a problem.
Samples for checking the Zn/Al coating could only be
taken from the upper area due to the way in which the
mesh had been installed. An exposed area with a clearance of 1 to 3 cm from the subsoil was selected, as well
as an area over which the mesh is in contact with the
subsoil, where it was assumed that humidity conditions
would have been changeable.

GeoResources Journal 1 | 2020
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Case Study Grabenstetter Steige, Germany
The installation is located on a footpath in the Swabian
Alb hills, and is about 40 m long with heights of around
8 to 10 m. It is sloped at between 30 and 45 °. It is an
embankment with cohesive soils and a high proportion
of fines. The stabilisation with the high-tensile mesh was
carried out in 2005. An erosion-protection mat made
of coconut or jute fibres was used in the area which had
slipped or been eroded (lower area). Due to heavy rainfall after its installation, the erosion-control mat had
shifted slightly, and this had led to partial washing out
of the soil (Fig. 14). When the inspection was carried
out after 11 years in July 2016, a large part of the stabilised slope was overgrown with shrubs and bushes, and
about a quarter of the slope remained open as a meadow
(Fig. 15). The vegetation was luxuriant and covered the
Gröner and Roduner:
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Fig. 14: Grabenstetter Steige, Germany, April 2006 –
embankment one year after installation

Fig. 15: Grabenstetter Steige, Germany, in July 2016 –
embankment with lush vegetation, largely of
trees and shrubs

Fig. 16: Grabenstetter Steige, Germany, July 2016 –
emergence of trees with trunk diameters
of 5 to 15 cm

Fig. 17: Grabenstetter Steige, Germany, July 2016 –
small-scale mowing damage in the meadow
area

whole area of the meadow. Regular cutting back was evident near the roadway. Closer inspection of the bushcovered area showed the emergence of smallish trees
with trunk diameters of about 5 to 15 cm (Fig. 16).
Due to initial soil movement, the mesh in the meadow
area is in close contact with the subsoil. Where there are
trees, the mesh has a clearance of up to 5 cm. The construction items and components showed no noticeable
changes and appeared to be in good condition. In the
area of the meadow a fairly large damaged spot in the
mesh was found. This appears to be due to contact with
or snagging by the mower (Fig. 17).
No mesh samples were taken on this slope.

coating were determined (Table 2). The determination
was made using the gas-volumetric method according to
DIN EN 10244-2 [4]. This involves dissolving the coating with hydrochloric acid and determining the gas volume, which is then converted to a coating mass in g/m²
over the surface area of the wire. The mesh is protected
against corrosion with a metallic Zn/Al coating according to DIN EN 10244-2 [4]. The Tecco G65/3 mesh
usually has a coating mass > 150 g/m² (or equivalent).
Based on experience from quality control, coating masses of +20 % can be assumed, which equates to 180 g/m².
Table 2:

Testing of the Zn/Al Coatings and
Estimation of the Service Life
In total, samples of Tecco G65/3 mesh were taken at
eight places on the stabilisation measures in Mülheim
an der Ruhr and Vaduz to test the Zn/Al coating as described. Samples from sampling points with anticipated
higher removal rates in splash-water areas or in areas of
alternating humidity were marked with (w), and from
more protected areas, where lower removal rates are to
be expected, with (g). Of these samples, 45 individual
wires were examined and the masses of the remaining
Gröner and Roduner:
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Masses of Zn/Al coating of samples taken
in Vaduz and Mülheim an der Ruhr

Project

Vaduz
Mülheim

Average mass of coating
[g/m²] / [%]*
protected (g)

alternating
humid (w)

149/82

108/60

103/57

83/46

130/72

79/44

130/72

115/64

* % in relation to the initial value of approx. 180 g/m²
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ing measures at the beginning. The use of erosion-control mats promotes vegetation and can reduce potential
deformation and soil displacement.

Care and Trimming of the Vegetation

Fig. 18: Anticipated extrapolated sevice lives for Tecco mesh in years (y-axis)
based on [7] (circles) and the samples from Mülheim an der Ruhr and
Vaduz (diamonds)

The expected service life with regard to corrosion depends not only on the corrosion protection but also on the
environmental conditions and the corresponding chemical wear. DIN EN ISO 12944-2 [5] divides the environmental conditions into six corrosiveness categories C
for the atmosphere and assigns removal rates to these.
Experience associated with these was presented in 2013
based on the valid standards and technical literature [6].
In this context, Nünninghoff referred to long-term
experience with Zn/Al coatings (Galfan) [7]. His empirical values after 10, 20 and 22 years are shown with
circles in Fig. 18 and extrapolated. According to Nünninghoff, a slower rate of removal can be assumed
over time [8, 9]. The values determined on the samples
from Vaduz and Mülheim an der Ruhr are shown as diamonds in Fig. 18 and were extrapolated on the basis of
the specialist literature [7, 9]. These values exhibit a pronounced scatter. This means that on one and the same
project, different removal rates can be assumed depending on the situation. In extreme cases, different corrosiveness categories can occur on one installation.
On this basis, an expected service life of more than
50 years for a single sample, and more than 70 years
for all others, is estimated for the values determined
(Fig. 18). A representation of values for more than 70
years was dispensed with.

Summary of Conclusions
Condition of the Vegetation
The three case studies show the importance of vegetation in the stabilisation of the soil slopes, and for the
control of erosion. 11, 13 and 17 years respectively after
the installation, all the slopes exhibited a very good vegetation over their whole area, despite different vegetatGeoResources Journal 1 | 2020
www.georesources.net

Various concepts were identified in the different vegetation measures. The choice of concept seems to depend
to a large extent on considerations of the requirement
to safeguard traffic. No damage to the meshes caused
by the vegetation could be detected, even when large
bushes and trees had penetrated. The only damage in
one place was probably caused by the mower. In order
to prevent this re-occurring on similar projects, visual
warnings were provided for the operators of relevant
equipment. The damage does not currently represent
a stability problem. Replacement can be carried out by
simply cutting out and inserting a piece of mesh. The
extent to which nature conservation played a role in the
measures is not known.

Erosion and visible Movements
Erosion cannot be completely excluded or prevented
by the open system. In the projects assessed, humus and
small stones were found at the bottom of the stabilised
areas. However, due to the now dense vegetation, these
movements appear minimal. The humus could also be a
result of decomposition of the vegetation.

Changes behind the Mesh
Before the vegetation had gained a foothold, changes
behind the mesh were visible in the works at Vaduz and
Grabenstetten. In some cases fines were washed out. In
the case of Grabenstetten, the erosion-control mat took
on a supporting function. The nettings are now well tensioned and the stabilisation measures are playing a structural role. At Vaduz this process has taken longer. On
account of the topography, slightly larger deformations
occurred. The system is now very well pre-tensioned and
fulfilling its structural function. In the upper area of the
Vaduz project, smallish localised defects can be seen.
They currently do not appear to be critical, and further
vegetation ingrowth in these areas can be expected. If
defects continue to get larger in size, the mesh can be
laid closer to the slope and its pre-tension increased by
tightening the nuts.

Visual Assessment of the Components
The components of the safety system showed only minor changes or abnormalities. With the exception of the
nail interfaces, no traces of corrosion were found.

Corrosion Protection
An estimate of the expected service life is difficult and
depends on many factors. These typically exhibit a wide
Gröner and Roduner:
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scatter, so that estimates are correspondingly inaccurate.
In addition to the masses of the Zn/Al coating determined by random sampling, test standards and technical literature must be consulted to estimate the progress
of removal. For the ambient conditions of the assessed
installations, a service life of more than 50 and more
than 70 years can be assumed on the basis of the values
determined. Depending on the location, the selected
corrosion protection and the corrosiveness category,
the service life may also be shorter. If this is the case,
then for example systems utilising stainless steel with
a significantly longer service life should be chosen. In
comparison, according to Krauter, pure zinc coatings
on square-mesh netting have a service life of 20 to 25
years [10].

Outlook
It is a fact of life that protective structures of wire mesh
will approach the end of their service life as time passes. Regular checks must therefore be carried out [12].
Initial indications may become visible on components
with a lower coating mass.
Since regular laboratory checks of the residual zinc
coating are very time-consuming and expensive, in most
cases a visual assessment is carried out. Reddish discolourations can indicate that little corrosion protection is
still available. These must be appropriately documented
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Fig. 19: Model of attrition reserve [11, reproduced and extended]

in order to track the extent and development of the discolourations.
Alcalde Rasch presents a model of the remaining protection reserves [11]. The so-called attrition
reserve is reduced in the course of the usage phase
(Fig. 19). The model shown here represents the development of attrition in a simplified manner using a
curve. The attrition reserve (y-axis) is 100 % when the
component is first put into use. Over time, this reserve
will be reduced by usage and external influences. When
the damage threshold is exceeded, the attrition reserve
is so low that damage to the component occurs. Final
failure occurs at an attrition reserve of 0 %, and this is
the latest point at which the attrition reserve must be
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restored by maintenance measures. Thanks to technical
improvements, it is possible to increase the attrition reserve to above the 100 % limit.
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Professional Sealing of Storage Pond
in the Alps
Agru Kunststofftechnik GmbH, Bad Hall, Austria

Fig. 1: The Tulfein Alm reservoir sealed by geomembranes
Photos: Agru Kunststofftechnik GmbH

In the panoramic ski area around Glungezer, visitors
are welcomed not only by the perfectly prepared ski
slopes but also by the longest ski run in Tyrol, with a
length of 15 km. Only 12 km from the Tyrolean capital
Innsbruck, visitors can expect powder snow and lots of
sunshine. In addition to a recently completed 10-seater
gondola lift that takes skiers right onto the slopes, a
state-of-the-art summit lift up to an altitude of 2,055 m
is also planned. A central part of all this is the new snowmaking system, the heart of which is a reservoir sealed
with Agru geomembranes (Fig. 1). After all, 25 hectares
of ski slopes must be covered with up to 40 cm of snow
before skiing can start. The new pond above the Tulfein
Alp at approx. 2,080 m above sea level blends harmoniously into the landscape. With a capacity of 18 Olympic
swimming pools – around 45,000 m³ – the water supply for snow-making in the Glungezer ski area is thus
guaranteed.

The traditional ski resort of Glungezer is located
near the Tyrolean capital Innsbruck in Austria, and
artificial snowmaking is scheduled to be used for
the first time here. The heart of the scheme is a
storage pond sealed with geomembranes produced by AGRU Kunststofftechnik GmbH.
Geotechnics • Sealing technology •
Geosynthetics • Water management

tion with protective or drainage geotextiles. A spikefree welding area facilitates the installation. As a final
step, the geosynthetic barrier is covered with a 50 cmthick gravel bed and is thus permanently protected from
UV radiation and mechanical damage (Fig. 3).

Year-round Use of the Storage Pond

Maximum Grip on steep Terrain

The new reservoir is filled each spring by the snow melt
and refilled with spring water before the ski season. This

After several months of excavation work, Geo-Alpinbau
GmbH sealed the reservoir, which is 12 m deep and covers an area of 9,500 m². The geometry of the pond is characterised by steep slopes, and here approx. 12,000 m² of
Microspike HighGrip geomembranes with a thickness
of 2.5 mm and a width of 7 m were used. (Fig. 2). The
installation was carried out on a 1,200 g/m² nonwoven
geotextile which serves as a combined protection and
drainage layer. The structured Mikrospike HighGrip
geomembrane made of PEHD (high-density polyethylene) was produced by Agru Kunststofftechnik GmbH
and features over 20,000 spikes/m². Thanks to these
micro spikes, the geomembrane clings tightly to the
nonwoven geotextile even on steep alpine terrain. This
makes it the ideal solution for steep slopes in conjunc-

Fig. 2: Installation of the structured geomembrane on a 1200 g/m² nonwoven geotextile which serves as a combined protection and drainage
layer

Agru Kunststofftechnik GmbH:
Professional Sealing of Storage Pond in the Alps
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requires two pumping stations, for which Agru Kunststofftechnik GmbH also supplied sheets, pipes and fittings made of polyethylene (Fig. 4). During the summer
months, trails and rest areas around the pond, which
blends harmoniously into the landscape (Figs. 1 and 3),
will provide hikers with a recreation area.

Fig. 3: Covering the geomembrane with a 50 cmthick gravel layer for permanent protection
from UV radiation and mechanical damages

LINING
SYSTEMS
GEOMEMBRANES FOR
ENVIRONMENTAL
PROTECTION
Fig. 4: Two pumping stations equipped with plates,
pipes and fittings made of polyethylene

• Soil & groundwater
protection
• High chemical resistance
• One stop shopping
• Proven quality products
• High supply capability

Outlook
Glungezerbahnen managing director Walter Höllwarth
says: “The municipality of Tulfes and the Hall-Wattens
Tourism Association are investing a total of 16.5 million euros in modernising this family-friendly ski area.
With the new snowmaking pond we are on the safe side
and can guarantee fun on the slopes even in winters
with little snow. Thanks to the new gondola lift and the
snowmaking system, our ski resort is state of the art and,
thanks to favourable ski-pass prices, we are confident
that we will be an extremely attractive option for families and locals alike”.

agru Kunststofftechnik Gesellschaft m.b.H.

AGRU MICROSPIKE
GEOMEMBRANE
LINER

agru
Kunststofftechnik
Gesellschaft
GeoResources
Journal
1 | 2020 m.b.H.
Ing.-Pesendorfer-Strasse
31
www.georesources.net
4540 Bad Hall, Österreich

based in Bad Hall, Austria is a single-source supplier
for piping systems, semi-finished products, concrete
protection slabs and lining systems made from
engineering plastics.
Contact:
office@agru.at
https://www.agru.at/en/

T. +43 7258 7900
F. +43 7258 790 - 2850
sales@agru.at
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Technology Trends for mechanised Tunnelling
in loose Rock
Prof. Dr.-Ing. Jürgen Schmitt, Bayar Bayrakci, B. Eng. and Prof. Dr.-Ing. Ulrich Burbaum,
all: Faculty of Civil Engineering, Darmstadt University of Applied Sciences, Germany

1 Introduction
The idea of building a tunnelling shield was first proposed by Sir Marc Isambard Brunel in 1806. The structure in question was rectangular in section and comprised twelve supporting frames that were divided up
in such a way as to create three separate working chambers [1]. Each chamber had sufficient room for a miner
whose job it was to excavate the soil from the working
face. This particular arrangement was capable of achieving a rate of advance of 3 to 4 m of tunnel a week [2].
Some 200 years have now elapsed since the tunnelling shield was first introduced and the intervening years
have seen huge advances made in the mechanised tunnelling industry. The material that comprises the heading face is now excavated in a single pass by means of a
circular cutting wheel. The working face itself may be
secured in various ways, which may involve using slurry,
liquid or compressed air, while steel-concrete tubbing
elements are installed to provide support along the line
of the tunnel. Projects of this kind can achieve impressive rates of advance, with 360 m being completed in
a single week, for example, during the construction of
new Barcelona metro line 9 [3].
By investigating as many as 274 projects involving
the use of tunnelling shield systems from various manufacturers it has been possible to analyse the way in which
machinery and equipment has developed within the
mechanised tunnelling sector. This study was based on
an examination of the following parameters:
▶▶
▶▶
▶▶
▶▶

Shield diameter
Drive power
Torque
Rate of advance

The various data were plotted as a function of their development over time. The evaluation first considered
the projects regardless of the type of shield machine
being employed. Individual aspects of the projects were
then analysed separately so that the overall data could
differentiated into two groups: one comprising slurry
shield tunnelling systems/’mixshields’ and the other
earth pressure balance shield systems.

Since the 1970s in particular mechanised tunnelling technology has been
increasing its share of the market at the expense of conventional tunnel
engineering, a trend that has seen the development of ever larger tunnelling shields. The paper analyses some 274 individual projects in order
to assess the impact of key machine parameters such as shield diameter,
drive power, torque and rate of advance. It also traces the way in which
these various parameters have developed over time.
Tunnelling • Mechanised tunnelling • Loose rock • Development

Fig. 1: Developments in the shield diameter
(271 projects)

Fig. 2: Developments in the shield diameter of earth
pressure balance tunnelling machines
(166 projects)

2 Shield Diameter
Fig. 1 presents an overall view of how the shield diameters of various types of tunnelling shield system developed over the years from 1869 to 2019. This representaSchmitt, Bayrakci and Burbaum:
Technology Trends for mechanised Tunnelling in soft Ground

Fig. 3: Developments in the shield diameter of slurry
shield tunnelling machines/mixshields
(75 projects)
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tion is based on some 271 individual projects. It clearly
shows that shield diameters have increased continuously since the 1990s. Here it is worth highlighting two of
the most significant projects in this respect, namely the
Tuen Mun-Chek Lap Kok link tunnel in Hong Kong,
which was constructed using a 17.63 metre-diameter
shield, and the Orlovski Tunnel in St. Petersburg, where
the tunnelling shield had a diameter of 19.25 m. Fig. 2
traces the development of tunnelling shield diameters
over the period 1974 to 2019, with the focus here on
earth pressure balance shield systems, and Fig. 3 records
how slurry shields and mixshields developed between
1970 and 2019. The increase in shield diameter can be
attributed to the demand e. g. for multi-lane road tunnels and/or multi-deck traffic levels. As the following
analysis confirms, the increase in shield diameter led to
higher drive outputs and torque ratings at the cutting
wheel.

Tunnel between Bologna and Florence, where the installed drive power was 12,000 kW.

3 Drive Output

5 Rate of Advance

The drive output of a shield tunnelling machine is defined as the total power generated by the cutting wheel
drive in excavation mode. An examination of the way
that drive performance evolved during the period 1986
to 2019 (Figs. 4 and 5) shows a fairly consistent picture, with most projects of this kind using equipment
with a drive output of no more than about 4,000 kW.
There are, however, individual projects, such as the M30
southern bypass north tunnel in Madrid and the Sparvo

Obtaining information on the tunnelling performance,
or the rate of advance in terms of metres driven per day,
is a very complex process because of all the different factors that have to be included. For example, it is necessary
to consider whether the tunnelling operation has been
based on an 8-hour working shift or has been designed
to run continuously around the clock. Geology will also
play a key role. The cutting tools will have to be changed
over, depending on the amount of wear they have suf-

Fig. 4: Developments in the drive power of earth
pressure balance shield machines
(147 projects)

Fig. 5: Developments in the drive power of slurry
shield tunnelling machines/mixshields
(51 projects)

Fig. 6: Developments in the torque rating of earth
pressure balance shield machines
(139 projects)

Fig. 7: Developments in the torque rating of slurry
shield tunnelling machines/mixshields (49
projects)
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4 Torque
The cutting wheel has to have sufficient torque to be
able to detach the soil material from the tunnel face.
Here the design of the cutting wheel and its cutting
tools have a decisive influence on the level of torque required. An analysis of the way that torque ratings have
developed over the years shows a trend similar to that
of the drive output levels. Here too the majority of tunnelling schemes involved torque levels of up to about
40,000 kNm (Figs. 6 and 7). However, there were also
two notable projects, namely the M30 southern bypass
north tunnel in Madrid and the Santa Lucia road tunnel
near Florence, where the torque rating was 95,923 kNm
and 101,296 kNm respectively.

Schmitt, Bayrakci and Burbaum:
Technology Trends for mechanised Tunnelling in soft Ground
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fered, and this operation will require scheduled periods
of machine downtime. Malfunctions of various kinds
can also occur, leading to unanticipated stoppages.
Figs. 8 to 10 show both the average values and the
extremes. The average rates of advance were determined
on the basis of sections of tunnel completed without
disruptions or incidents, that is to say with no unforeseeable stoppages. The extreme values relate to short
sections of tunnel drivage where peak results have been
obtained. The figures do not make any allowance for, or
factor-in, whether the daily performance was achieved
within an 8-hour shift or as part of a continuous cycle
of operations. The values shown should not be used as a
basis for a construction-time costing exercise but rather
are intended to reflect the range of possible results.
It is clear that in the pioneering years of mechanised
tunnelling performance rates were at a fairly low level
(Fig. 8). From the 1950s on tunnelling performance
figures began to increase steadily and by 1995 it was obvious that very high peak rates of advance were being
obtained in the tunnel construction industry. A comparison between the earth pressure balance shields and
the slurry shield/mixshield boring machines shows that
higher peak performance rates can be achieved with the
earth pressure balance shield machines (Figs. 9 and 10).

6 Interdependencies
As explained in section 2, the progressive increase in
shield diameter over the years has meant that higher
drive outputs and torque levels have been required
at the cutting wheel. Figs. 11 and 12 show how the
drive output required for both earth pressure balance
machines and slurry shield machines/mixshields is
related to the diameter of the shield in question. The
relationship between the torque applied at the cutting
wheel and the diameter of the tunnelling shield is also
illustrated in Figs. 13 and 14, here too with reference
to both earth pressure tunnelling machines and slurry
shield machines/mixshields. The clear link between the
size of the shield and the drive power and torque applied at the cutting wheel is illustrated in Figs. 11 to 14.
The relationships involved can be described by using various regression functions, these being presented

Fig. 11: Drive output of earth pressure balance machines in relation to the shield diameter
(147 projects)
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Fig. 8: Developments in tunnelling performance
(115 projects)

Fig. 9: Developments in the tunnelling performance
of earth pressure balance shield machines
(55 projects)

Fig. 10: Developments in the tunnelling performance
of slurry shield machines/mixshields
(34 projects)

Fig. 12: Drive output of slurry shield machines/
mixshields in relation to the shield diameter
(50 projects)
GeoResources Journal 1 | 2020
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Fig. 13: Torque rating of earth pressure balance shield
machines as a function of the shield diameter
(139 projects)

Fig. 14: Torque rating of slurry shield machines/
mixshields in relation to the shield diameter
(48 projects)

in Figs. 11 to 14. The coefficient of determination R2,
which is a quality factor for the regression function, is
also given in Figs. 11 to 14.

[3] Herrenknecht AG: Barcelona Metro Line 9, https://
www.herrenknecht.com/en/references/referencesdetail/barcelona-metro-line-9/ (access on 26th March
2020).

7 Summary
The last 25 years have seen enormous advances made
in the technical performance of shield tunnelling machines. Analyses indicate that this development is not
yet nearing its peak and there are still no signs that we
are reaching the technical limits of this technology. The
scientific community can therefore look forward in anticipation to further exciting developments taking place
in this sector in the years ahead.
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Underground down under
The Sydney Metro Extension is currently Australia’s
largest P
 ublic Transportation Project
Dr.-Ing. Eckart Pasche, Willich, Germany

Sustainable Expansion of the
Public Transport Network
Sydney is the state capital of New South Wales (NSW)
and with a population of some five million it is the largest city on the Australian continent. It is Australia’s centre of industry, commerce and finance and is considered
as one of the top cities in the world for quality of life. In
order to maintain this position Sydney is now extending
its public passenger network to create a sustainable system for the future. The project comprises three new sections: Sydney Metro North West, Sydney Metro City &
South West and the Sydney Metro West (Fig. 1).
Extensive planning work was carried out for the
new underground lines back in 2001 and 2008 (Fig. 1).
In 2012 the Cabinet of New South Wales approved
the NSW Transport Masterplan, which provided for
the new North West Rail Link together with a second
crossing of Sydney Harbour. Construction work began
at the end of 2013 with the project being officially rebranded in June 2015 as the ‘Sydney Metro’.

The sustainable expansion of the Sydney Metro rail system is aimed at
maintaining the quality of life in Australia’s biggest city and currently
ranks as the country’s largest public transportation project. This article
presents an overview of the scheme.
Tunnelling • Australia • Public transport • Metro • Sustainability •
Transport planning

In 2014 the Government of New South Wales announced that the metro network would operate as Metro Trains Sydney Pty Ltd. by a joint venture between
MTR Corporation (60 %), John Holland Group, which
is owned by the China Communications Construction
Company (20 %), and UGL Rail (20 %).

First Section: Sydney Metro North West
The first new section, Sydney Metro North West,
opened on 26th May 2019 [1] and connects the city’s
north-west suburbs with Chatswood (Fig. 1). Eight
new stations were built along a 23 km line running from

Overview of the Sydney
Metro Project
Sydney Metro North West (in service)
▶▶ Length
23 km
▶▶ Cost
8.3 bn Australian dollars
▶▶ Opened 26.05.2019
Sydney Metro City & South West
(under construction)
▶▶ Length
15.5 km
▶▶ Cost
> 10 bn Australian dollars
▶▶ Opening 2024 (planned)
Sydney Metro West (planning stage)

Fig. 1: Planned layout of Sydney’s new metro system
Source of the figures: Sydney Metro
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Fig. 2: Mechanical tunnel driving

Cudgegong Road in the Rouse Hill district to Epping.
This effectively relieves the pressure on the existing suburban rail network operated by Sydney Trains. The construction costs totalled around 8.3 bn Australian dollars
(about 5.2 bn euros) and are to be financed from the
sale of electricity infrastructure.

Second section: Sydney Metro City &
South West
Work on the second section, the Sydney Metro City &
South West line, commenced in 2017. This section
is due to open in 2024. The line runs for more than
15.5 km through a completely new twin-pipe tunnel
beneath Sydney Harbour and the Central Business District (CBD) of the inner city, with stops at Martin Place
and Sydney Central Station to Sydenham. As is the
case in the North West section, the suburban line from
Sydenham to Bankstown is being converted to metro
railway standards. It is estimated that this line will then
have the capacity to carry an additional 100,000 commuter passengers. The cost of the new section has been
put at between 10 and 11 bn Australian dollars.
The tunnel pipes, totalling 31 km in length, are being excavated by full-face tunnelling machines. The contractors have opted for tunnel boring machines (TBMs)
supplied by Herrenknecht AG of Schwanau (Germany)
(Fig. 2). Four twin-shield TBMs are driving the tunnels
to the north and south of the harbour while a specialised mix-shield slurry machine is digging its way beneath Sydney Harbour itself. The depth of overburden
to the bottom of the harbour is a maximum of 35 m,
with a further 34 m of water above this.
Each TBM has been purpose-built to cope with
the local ground conditions. The cutterheads fitted to
the double-shield TBMs feature special wear protection and are laced with high-performance, resilient tools
specifically designed to cope with the extremely abrasive
Hawkesbury Sandstone. The double-shield TBM combines the operating principles of the gripper and the
single-shield TBM in one and the same machine. The
combination of these two technologies means that when
working through stable ground concrete lining segments
can be set in parallel with the excavation process, thereby
creating the conditions for very high rates of advance.
The mix-shield TBM is optimally suited for the under-harbour section of tunnel and this technology can
GeoResources Journal 1 | 2019
www.georesources.net

safely cope with the heterogeneous geologies of the Sydney area and the high water pressures arising during the
project. The supporting pressure is managed precisely
using an automatically controlled cushion of air. Two
independent man locks, each with two lock chambers,
are installed for safe cutting-tool changes.
In addition to the twin tunnel pipes this part of the
metro system includes six new underground rail stations.
The formwork engineering services for these new zones is
being supplied by Doka Australia [2]. Martin Place Station, for example, comprises nine individual tunnel cross
sections and Doka Global Expertise Centre for Tunnel Infrastructure, based at Amstetten in Austria, has developed
tailor-made formwork solutions for each of these zones.

Third Section: Sydney Metro West
The third part of the new network, Sydney Metro West,
has been in planning since 2016. With a view to relieving
pressure on the T1 line (Sydney Trains) the Sydney Metro
West section will connect the Paramatta CBD (Central
Business District) with the Sydney CBD and will include rail stations in Westmead, Paramatta CBD, Sydney
Olympic Park, Bays Precinct and Sydney CBD. In June
2018 the Government of New South Wales approved
financing of some 3 bn dollars for this section. Investigations are currently under way to optimise the track layout.

Additional Proposals
As well as these scheduled line extensions there are also
proposals for converting two of the four tracks of the Illawara suburban commuter line between Sydenham and
Hurstville to operate as an underground service. The remaining section of the Bankstown Line to Lidcombe and
Liverpool, which will still be operated using traditional
suburban trains after the City & South West section enters service, could also be upgraded to metro standards.

Summary
The new Sydney Metro will have the capacity to carry
up to 40,000 passengers an hour and is set to be Australia’s first fully automated public transport system.

References
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[2] Doka GmbH: Formwork Solutions for Tunnel Concrete
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Formwork Solutions for Tunnel Concrete
Linings at the Sydney Metro Project
Doka GmbH, Amstetten, Austria

The Task
Doka Australia received the largest order in tunnelling
to date for formwork technology at the Sydney Metro
City & Southwest segment of the major project ‘Sydney
Metro’ in Australia [1]. Doka is supplying formwork
engineering services, material and equipment for the
mined tunnels underneath the harbour and the central
business district.
The contract includes design work on 30 tunnel intersections for the underground stations and the delivery of formwork material and equipment. One half of
the contract still has to be constructed. Twenty tunnelling formwork travellers are needed and six have already
been used. Two special tunnelling formwork travellers
have to be designed and manufactured for elevator
shafts with an alignment of 30 °. Both systems will be
used in 2020.

Doka supplies formwork engineering services,
material and equipment for the mined tunnel
concrete linings at the Sydney Metro project. It is
the company’s largest-ever involvement in major
tunnel engineering works.
Tunnelling • Australia • Formwork technology •
Metro • Mined tunnelling • HSE

Standard System for different
Cross Sections
The Sydney Metro project has become a showcase for
Doka’s heavy-duty supporting system SL-1 (Fig. 1). The
modular system provides complete formwork solutions
for widely differing tunnel cross sections, regardless of
shape and load [2]. The Doka heavy-duty supporting
system SL-1 is extremely adaptable. SL-1 beams, walings
and struts can be arranged in a variety of configurations,
thereby enabling optimum use to be made of each item
of equipment. Short set-up times are possible thanks to
pre-assembled formwork and heavy-duty support unit
components. Built-in safety systems, which include integrated work platforms and ladderways, make for high
workplace safety standards.

Fig. 1: Martin Place Station with 9 different tunnel cross sections
Photos: Sydney Metro

Unique Formwork Solutions
for Tunnel Intersections
Doka’s standard range of specialised SL-1 components
and modules have been employed for most requirements, though Doka Australia has also drawn on its
parent company’s expertise to design and manufacture
custom accessories that are specific to the Sydney Metro
project.
Doka Global Expertise Centre (GEC) for tunnel
infrastructure, based at the headquarters in Austria, has
been heavily involved in the project. GEC has spent
more than 20,000 engineering hours on designing formwork sub-structures for the concrete that will be needed
Doka GmbH:
Formwork Solutions for Tunnel Concrete Linings at the Sydney Metro Project

Fig. 2: Formwork for a special cross section
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Fig. 3: Special formwork solution for an intersection

to line and support the massive underground station
caverns and tunnel intersections.
Some of the greatest challenges have involved the
one-off formwork solutions required for the intersections in the mined tunnel segments at the Martin Place
(Figs. 1 to 3), Pitt Street and Victoria Cross stations,
along with the pedestrian and service galleries. Each individual mined tunnel profile and intersection requires
a unique design for off-site pre-assembly and on-site
installation for the in-situ concrete pour. Martin Place
station, for example, has nine individual cross sections
with tailor-made formwork solutions.

Communication and Cooperation
Doka’s team has been in constant communication both
with the John Holland CPB Ghella ( JHCPBG) site engineering teams responsible for part-project 2 ‘Sydney
Metro City & Southwest’ and with the various subcontractors. Regular joint meetings and workshops have
been held in order to tackle the complex and unique
challenges that the project presents. This approach
means that all parameters and requirements are taken
into account and ensures that the best solution can be
found to increase the efficiency and safety of the work
and to meet the scheduled dates.

Overview of Project Data
Project:
Place:
Project type:
Client:
Building contractor:

Sydney Metro City & Southwest
Sydney, Australia
Underground stations
Transport for New South Wales (TfNSW)
John Holland, CPB Contractors, Ghella Pty
Ltd (JHCPBG)
Period of formwork use: 07/2018 – 09/2020
Start of construction:
Q1 2018
Construction completion: Q1 2024 (scheduled)
Applied systems:
Doka heavy-duty supporting system SL-1
Services:
Engineering
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Mining Vehicle Supplier goes electric –
in Hamm it’s Watts that count
Nikolaus Fecht, specialised journalist, Gelsenkirchen (Germany)

Fig. 1: Conversion work beneath the bonnet
Photos 1, 3 and 4: Kai Rüsberg

The last German colliery has closed and orders
from the German hard coal industry are now a
thing of the past: but rather than complaining the
mining supplier SMT Scharf is looking to the future – and is converting its diesel vehicles to electric for the global deep mining industry.
Mining • Tunnelling • Supplier • e-Mobility

‘Let’s go round again!’ The team of reporters will not be
stopped. We are at the SMT Scharf factory in Hamm
and they are taking us on a test drive in the new ECruiser, which is a Toyota Land Cruiser that has been
converted to electric power (Figs. 1 and 2). The growl
of the big diesel engine has been replaced by the quiet
hum of a powerful electric motor – and it’s almost inaudible. This only serves to amplify all the other sound
effects, especially when the two-tonne pickup is travelling over a bumpy surface. And we could go round
many more times – the battery has a capacity for
about120 km.
‘The demand for battery-powered vehicles is growing enormously because of the increasingly stringent
requirements being introduced to protect those working in the mining sector’, explains our guide as we bump
along. SMT Scharf has a global workforce of some 440
Fecht:
Mining Vehicle Supplier goes electric

employees and is mainly involved in producing railbound monorails and floor-mounted track systems for
the underground mining industry (Fig. 3).
As a lot of energy is expended in supplying fresh air
to the underground workings it really pays off for mine
operators to convert to emission-free drives. This motivated SMT Scharf to develop an ‘E-Cruiser’ based on
the Toyota Land Cruiser and to put a lot of effort into

Fig. 2: bauma 2019: Toyota Land Cruiser converted to electric power
Photo: Manfred König
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Fig. 3: Overhead monorails on the production line

adapting it to comply with the strict explosion protection
requirements applying below ground. This all-terrain vehicle with its classic diesel drive train, several thousand of
which are currently operating in the mining sector, has
proved its worth as a robust transport solution. The company mainly has Markus Wilting, head of its development
and design department, to thank for coming up with the
new E-Cruiser. His office is all about mining, as can be
seen from the wall poster of the old Zollverein colliery in
Essen, Germany. ‘For me this is just a little piece of home’,
says the Essen-born mechanical engineer as he prepares
for another customer visit. ‘This development of ours is
not just designed for the hard coal mining industry but is
also suitable for other underground applications – such
as iron ore mines for example’. And he goes on: ‘However
there is still a lot of spadework to be done with international authorising and licensing authorities because there
are as yet no technical standards for the approval of this
technology. All this costs a lot of time and money, for the
licences vary from one country to the next.’ And products
from the company’s core business segment can serve as a
template for the kind of procedures involved.
We leave Wilting’s office and pay a flying visit to
the final assembly line right next door which is bustling
with activity. Things are being bolted up, hammered out,
brazed, welded and fitted together. With its white walls
and typically blue industrial flooring this cavernous production shop mainly turns out overhead monorail equipment for the mining and tunnelling industries (Fig. 3). A
series of steel beams runs right across the shop. These are
used for carrying the monorail traction units (known as
trolleys) awaiting their final stage of production. Wilting
confers with his technician Gregor Steiniger and consults
a checklist to assess how the work is progressing.
These monorail trolleys are the result of SMT
Scharf ’s expertise in building electromobility equipment: more than 20 years ago the company produced
a ‘battery trolley’ for Ibbenbüren colliery. ‘The lithium
iron phosphate battery that we use in the trolleys is not
the one with the highest energy density, but in return it
GeoResources Journal 1 | 2020
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does have the safest and most durable technology’, emphasises Wilting. ‘That is why they are used as energy
storage systems for buildings. One important point in
their favour is that in the unlikely event of a fire this can
be extinguished with water.’
A change of scene: we cross the yard to an elongated
building that contains a stockroom and a testing shed.
‘This is where we only recently used to repair components for Prosper-Haniel colliery, the last German hard
coal mine to close’, says site manager Jörg Ahmann in
reference to Germany’s long mining history. Now it is
a test hall where diesel vehicles become electric cars for
the underground mining industry.
On this particular Monday morning two technicians, Jannis Brösel and Patrick Wündisch, are busy converting two diesel vehicles to electric. The pair in their
matching overalls have just come down from working
overhead on the hydraulic ramp and are now bent over
the bonnet of the second vehicle (Fig. 1). Their scheduled break gives me the chance to have a quick chat.
‘We took a course at TÜV Süd and then got product
training at the vehicle company’, explains industrial mechanic Brösel. ‘The biggest challenge was dealing with
the electrical components. That is why it was like a second apprenticeship.’ This is further highlighted by his
colleague Patrick Wündisch: ‘We have to pay special
attention to safety because we were constantly working
with high voltages of 400 V’. A team of eight technicians were trained to work on the E-Cruiser project.
The most important aspect of the work is the battery conversion procedure. For these particular pickups
the Westphalian factory opted for standard lithium ion
batteries, even though this involved some fairly elaborate preparations. Each individual cell is immersed in a
special chemical fluid that does not conduct electrical
current and does not burn. Beneath the bonnet of the
vehicle there is a small, see-through plastic tank of clear
fluid and this contains the special chemical mixture that
is pumped into the battery cells and electronics to keep
everything cool.
The company carefully documents the sequence
of assembly operations so that this can be used for the
process management concept that will underpin the
larger-scale production to follow. An adjacent wing of
the building, which is still being used as a storage area,
is destined to be converted into an assembly bay with
separate workstations where vehicles can be converted
to individual customer specifications. SMT Scharf AG
has decided against series production as the company
wants to build its electric vehicles to order and on a
small scale.
Product development manager Markus Bäcker joins
in the discussion: ‘I’m basically a troubleshooter and my
job is to ensure that everything works smoothly – from
the declaration of conformity and the sales planning
process through to liaising with the system supplier.’ For
the moment all kinds of boxes and crates are awaiting the
attention of the former business management graduate.
And standing behind is the unmistakable shape of an
Fecht:
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electric LHD vehicle from Canadian subsidiary RDH
Scharf. Designed for iron ore mining operations this machine is equipped with a shovel that can pick up as much
as three tonnes of blasted ore or rock salt (Fig. 4). This
jack-of-all-trades can transport blasted material to the tipping point or can load a dumper truck. Its lithium iron
phosphate battery is contained in a flameproof housing
and is fit for use in hard coal mining environments. One
of these batteries sits alongside the loader. Electrical engineer Daniel Schweins opens a thick sheet steel plate:
‘This flameproof enclosure prevents any sparks from getting out when methane concentrations are high.’
So what’s next for the Hamm factory? SMT Scharfproduced electric vehicles have now been making an
impression outside the mining industry. At the bauma trade fair for construction machinery in Munich
(Fig. 2) interest in the E-Cruiser extended beyond the
mining sector to include municipal utilities, steelmakers and power plant operators. Yet even without the
newcomers the market for these Westphalian products
is set to be a promising one, simply because the underground mining industry is not going to disappear any
time soon. For in the end practically all the raw materi-

Fig. 4: LHD vehicle retrofitted for the coal mining industry

als that are needed to produce solar cells, wind turbines,
batteries, electric motors, entire electric vehicles and
even mobile phones come in one way or another from
mining or from recycling.

Klaus Stöckmann

Nikolaus Fecht

Contact: klaus.stoeckmann@vdma.org

Contact: nfecht@presseagentur-fecht.de
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Selected Shaft Renovation Projects
Dipl.-Ing. Thomas Ahlbrecht, Redpath-Deilmann GmbH, Dortmund, Germany

The paper describes three German-based shaft renovation projects that are ongoing or have recently been
completed by contractors Redpath-Deilmann GmbH,
Dortmund (formerly Deilmann-Haniel GmbH). The
shafts in question have a widely differing age range of 15
years to 110 years. The three projects comprise:
▶▶ Renovation of the Konradsberg shaft in Heilbronn:
the shaft is about 15 years old
▶▶ Renovation of the Zielitz 1 shaft in Zielitz:
the shaft is about 50 years old
▶▶ Renovation of the Neurode shaft in Heringen:
the shaft is about 110 years old.

Fig. 1: Vertical section through Konradsberg shaft,
depth 170 to 240 m

Fig. 2: Pattern of damage to the shotcrete lining caused by condensate
formation and corroded reinforcement
GeoResources Journal 1 | 2020
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The paper describes three ongoing and/or recently completed shaft renovation projects undertaken in Germany by the specialist mining contractor
Redpath Deilmann GmbH, Dortmund: the Konradsberg shaft in Heilbronn, the Zielitz 1 shaft in
Magdeburg and the Neurode shaft in Heringen,
Hessen.
Mining • Shaft construction • Renovation •
Hoisting equipment • Anchor bolting • Sealing

Konradsberg Shaft
Heilbronn mine, which is owned by Südwestdeutsche
Salzwerke AG (SWS), is a high-output rock salt mine in
Baden-Württemberg. The Konradsberg shaft is the newest of the three shafts presented here and was sunk in
the years 2003 and 2004. The structure is therefore only
about 15 years old.
The shaft is 6.0 m in diameter and 240 m in depth,
including the sump section. It has two connections to
the mine workings: one via the ventilation road at the
217 m level and another a short distance below via the
haulage road at the 230 m level (Fig. 1).
The shaft serves as a downcast logistics route and
has no fixtures or permanent winding system. A truckmounted crane is used for in-shaft transport operations.
When not being used for transport duties the shaft is
covered by an air-permeable transportable enclosure.
The shaft was originally constructed using the cementation process with drilling and firing. A rockboltshotcrete shell was used to create the outer lining. When
the sinking reached dry ground it was temporarily halted at the 171 m level and the shaft was then provided
with a watertight lining that was installed working from
the bottom upwards. The watertight lining, which extends up to ground level, comprises a compound system
with an outer asphalt joint, a watertight steel casing and
an inner reinforced-concrete ring. During the ongoing
sinking process the shaft reached a dry zone in the anhydrite with a 2 m-thick layer of intermediate dolomite.
This layer was to play an important role some years later.
The shaft was then sunk to its final depth and supported
with a rockbolt-shotcrete lining.
During the early years of its operating life the shaft
column did not encounter any problems and appeared
to remain dry. Only in the summer months was there
a tendency for the humidity of the incoming air to
condense and fall as water droplets into the mine. The
amount of water involved was fairly significant and this
eventually led to corrosion of the shotcrete reinforcement, condensate erosion of the salt rock behind the
Ahlbrecht:
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shotcrete lining and some detachment of the shaft support system itself (Fig. 2).
The zone most seriously affected by this development was the 6 m-thick pillar located between the ventilation road and the haulage road and by 2011 this section was clearly in need of repair. The shotcrete in this
area was therefore removed and an FRP cylinder (fibrereinforced plastic) installed and backfilled with grout.
Other versions made from concrete, steel and stainless
steel were rejected at the design stage. The FRP cylinder
represents a new departure for the shaft construction
sector and has so far proved to be resistant to corrosion. The shaft diameter was not reduced and therefore
remained at 6.0 m. Normality seemed to have been restored to this part of the shaft.
The aforementioned damage was compounded by
freeze-and-thaw cycles and the corroded reinforcement
began to exert a destructive impact. In 2015 the pattern
of damage below the 170 m level became ever more extensive and overhead protection for those working at pit
bottom could no longer be guaranteed during transport
duties.
The intermediate dolomite, which was completely
dry when the shaft was initially sunk in 2003, had now
started to feed water into the shaft and this layer also
had to be taken into account when planning the restoration works. Owners SWS subsequently decided to
repair a 43 m section of shaft and issued a call for tenders to shaft construction firms with a view to receiving their design proposals. Various options were again
considered, it being specified that the new lining should
reduce the shaft cross section minimal in extent and
would have to be installed within short time slots. It also
had to be borne in mind that the shaft did not have a
winding system and there were no foundations in place
for winches and the like. After examining the various
proposals submitted the owners finally opted for the
following arrangements:
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Fig. 3: Renovation work on foundation-free surface installations
at Konradsberg shaft

Fig. 4: Overview of CSR sealing elements (chemical seal ring)

▶▶ Erection of a hoisting and platform system without
the need for any foundation work (Fig. 3)
▶▶ Detachment of the shotcrete lining by blasting, after
removal of the in-shaft cabling
▶▶ Sealing of the defective area of shaft wall with a thin
layer of shotcrete in order to install a geomembrane
(sealing liner) of the type commonly used in tunnel
construction
▶▶ Installation of the sealing system, with plastic liner
and chemical seal ring (CSR), to cover the area
above and below the previously dry dolomite zone
(Fig. 4)
▶▶ Installation of a reinforced concrete cylinder, working upwards using a sliding formwork system, over a
43 m section; the shaft was now 5.8 m in diameter,
i. e. it was 0.2 m smaller in size (Figs. 5 and 6).
The work was carried out in 2016 and resulted in a permanent improvement to the situation in the Konradsberg shaft.
Ahlbrecht:
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Fig. 5: Starting platform for the sliding formwork at the 230 m level
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Fig. 6: Layout of the sliding formwork platform

Zielitz 1 Shaft
Zielitz 1 shaft serves as the winding shaft for the Zielitz
potash mine at Magdeburg, which is owned by K+S AG
(Fig. 7). The shaft transports around 40,000 t of raw salt
a day on a 24/7 operating cycle.
The shaft was originally constructed between 1967
and 1969 using the freeze-sinking method. It is 7.5 m in
diameter and has a depth of 803 m. The upper section is
lined with German tubbing to a depth of 462 m while
the bottom section is in brickwork. The shaft convey-

Fig. 7: Zielitz 1 shaft – surface installations
The travelling scaffold with a bucket hoist had to be built
around the multitude of winding ropes and rope guides
installed in the shaft.
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ances are rope guided and the shaft does not have any
permanent fixtures. The structure is now about 50 years
old and is therefore in many respects a ‘senior citizen’.
In 2015 some spalling and peeling of the brickwork
occurred between the 540 and 565 m levels. This area
was provided with emergency backup to ensure overhead protection for personnel working at shaft bottom
and production remained unaffected. Increased levels
of convergence were by now starting to jeopardise the
300 mm safety clearance required to the corners of the
skip conveyances and the decision was taken to effect
permanent repairs.
The damaged area was subsequently inspected and
exploratory drilling and core drilling operations were
carried out in order to obtain a more accurate picture of
the damage. On the basis of these exploratory findings
a renovation plan was drawn up by Schachtbau Nordhausen GmbH and DMT GmbH & Co. KG, Leipzig.
The proposal involved removing the brickwork and installing an anchorbolted shotcrete shell. The production
cycle at the mine only leaves very short time windows
available for shaft repair work, which has to be undertaken during the three-week production shutdowns in
the summer. Operations in the shaft can also be carried
out during the Easter and and Pentecost long weekends.
However, any shaft work has to take second place to
the production routine. This means that all operations
connected directly with maintaining production, such
as rope changing, conveyance replacement and the repair of the winding equipment, will always have priority.
All such activities have to be planned two or three years
ahead. Against this backdrop any shaft renovation work
required therefore also had to be scheduled on a long
term basis.
The repair situation was exacerbated by the fact that
a travelling scaffold with a bucket hoist had to be set up
and dismantled again each time there was an operating
pause. This system had to be built around the multitude
of winding ropes and rope guides installed in the shaft
(Fig. 8). This installation was designed by Schachtbau
Nordhausen and constructed in 2017. After being approved for use by a team of specialists it went into trial
operation in 2018.
The shaft renovation work entrusted to the joint
venture partnership of Deilmann-Haniel and Thyssen
Schachtbau was split into six annual tranches to run
from 2018 to 2023. The area to be repaired was 25 m
in length. In the course of the preparatory phase it was
decided to apply a different course of action and the
changes involved were subsequently agreed in a series
of meetings held with the client K+S AG, Kassel, and
with the engineering team at DMT GmbH & Co. KG,
Leipzig.
In 1992 shaft renovation work had also been carried out on number 2 shaft at the Zielitz potash mine
where the local geology and working depth were similar
to that at Zielitz 1. All loose spalling at the 500 m level
was removed and the damaged areas filled with shotcrete. Fully-grouted injection bolts 3 and 5 m in length
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were then installed using a bolting density of 1 and 1.3
bolts per m2. The longer bolts were used in the worst
damaged areas and compacted with injection grout.
This technique was employed with a view to effecting a
permanent repair.
This 25 year-old repair work was now examined
again in some detail and the renovated area of the shaft
column was subjected to close scrutiny. However, the
shotcrete shell that had been applied in 1992 does not
form a closed ring. The rockbolts in shaft 2 were installed in an all-round pattern in such a way as to create a ground-arch effect. From these findings it was
concluded that a complete ring of bolts would ensure
the rapid stabilisation of the shaft that was required. In
fact the effect produced by the shotcrete was negligible
when compared with that of the bolts. For shaft 1 the
priority was therefore to ensure that in the first phase of
the operation bolts were installed over the entire length
of the repair section with the ring closure of the bolts
taking precedence over all other factors. The operation
that was carried out in 2018 and 2019 followed these
specifications (Fig. 9).
As was the case in shaft 2 back in 1992 the rockbolts used were either 3 or 5 m in length, though this
time they were manufactured from FRP to prevent corrosion. The longer 5 m bolts were used in the more severely damaged areas in the south east and north west of
the column while the 3 m bolts were installed in the less
damaged zones. The bolts were bonded into position at
the mouth of the hole and then grouted into place. A total of around 9,500 l of grout was injected in both years
of the operation (Fig. 10). The injection agent, which
has thixotropic properties, was supplied by BASF. The
grout injections were carried out to pressures of up to
30 bar.
The success of the injection programme was monitored by core drilling and the drill cores showed that the
material had penetrated well into the brickwork and salt
rock (Fig. 11). By successfully filling the existing cavities and bonding any loose surfaces the injection material proved to be a very effective reinforcement and consolidation agent. Moreover, weekly in-shaft checks and
regular surveys have established that movements within
the column have now declined to almost zero. There are
no signs of any new damage occurring.
Because of other operations being carried out on the
shaft winding system the renovation work was temporarily halted in 2020. Detailed discussions on the future
course of the renovation work, which has not yet been
concluded, are now being held with all parties involved.
The current information indicates that the repair process will be resumed in 2021.
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Fig. 8: Looking down the shaft

Fig. 9: Renovation scheme for the rockbolt-shotcrete ring

Fig. 10: Internal view of the renovation area before
(left) and after the repairs (right)

The Neurode Shaft
The Neurode shaft is part of the K+S Kali-owned Werra
facility, which is a combined mine with three productions sites in Hesse and Thuringia. The mine operates
nine production shafts. It is also worth noting that a
Ahlbrecht:
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Fig. 11: Core drilling to confirm the effect of the
injection programme
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Fig. 12: Upper section of the working platform at the
bottom landing

Fig. 13: Steel liner top section (top) and bottom section (bottom)
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further 14 shafts in the Merkers area have been placed
in ‘safe storage’.
Neurode shaft is more than 100 years old and was
originally sunk during the period 1911 to 1913. It is
732 m in depth and has a diameter of 4.5 m. The column comprises four tubbing sections with wall thicknesses ranging from 25 to 80 mm; the zones in between
are lined with brickwork or concrete. The salt beds are
reached at a depth of about 515 m. The shaft connects
to mine level 1 at a depth of 658 m and to mine level 2 at
706.5 m, the latter serving as the main haulage horizon.
The Neurode shaft dates back some 110 years and
is the oldest of the three renovation projects being described in this paper. It is destined to remain in service
for several decades to come, which means that engineers
will at some point have to deal with a 150 year-old structure.
Neurode serves as an upcast ventilation shaft and is
also used as a materials shaft for transporting large and
heavy items. It is equipped with a non-guided heavyduty winding system with a payload of about 20 t that is
only used when the mine fan has been shut down. The
shaft column is dry. Manwinding in the shaft is provided
by a working platform that is operated by a heavy-duty
winch (Fig. 12).
At the instigation of the mining authorities the shaft
column underwent a detailed inspection some years
ago. This work focused on measuring the wall thickness
of the tubbing segments. It was found that the present
material thicknesses were insufficient to meet current
structural stability requirements.
The shaft column was therefore in need of renovation and the repairs required were investigated as
part of a study undertaken by Redpath-Deilmann (or
Deilmann-Haniel as it was then known). A number
of different solutions were investigated and these were
assessed in terms of cost and time requirement. In specific terms the repair work was required over a 28.2 m
section of shaft, extending from the 446 m level to the
474.2 m level. This was the deepest section of tubbing
that had to be completely renovated.
It rapidly became apparent that the shaft supports in
this area required reinforcing. It was also specified that
as the shaft diameter was already fairly small any further
reduction caused by the renovation work should minimal in extent. This effectively ruled out systems with a
large wall thickness. In the shaft construction industry
retrofits of this kind are known as ‘liners’ as they involve
installing an additional ‘skin’ in front of the existing
shaft support.
The study came to the conclusion that a seamlessly
welded sheet-steel column with a wall thickness of
75 mm and 80 mm of grout backfill would provide the
best solution (Fig. 13). As it is planned to keep shaft
in operation for several decades to come it has to be
assumed that the tubbing segments will start to leak.
The steel liner was therefore designed to resist the water pressure and was provided top and bottom with a
chemical seal. This material, which the shaft construcAhlbrecht:
Selected Shaft Renovation Projects

Mining
tion industry has been using for decades when effecting renovation work of this kind, exhibits the required
properties in that it expands on contact with water and
is resistant to alkaline solutions.
Redpath-Deilmann (formerly Deilmann-Haniel)
teamed up with Thyssen Schachtbau to form a joint
venture and in the summer of 2018 this partnership was
awarded the contract to build the shaft liner.
Steel liners of this kind require a solid foundation
to be constructed in a stable position in the shaft as the
system has to carry significant loads both during the
construction phase and in the end state. Two options
were considered for the construction of the foundation:
▶▶ Excavation of a supporting plinth in the brickwork
beneath the tubbing column
▶▶ Attachment of a steel entry structure to the existing
tubbing, the former to be backfilled with concrete.
The second option was selected for the Neurode renovation project (Fig. 13).
The steel construction companies contracted to
carry out the in-shaft work were highly experienced in
the fabrication, assembly and welding of thick sheet
metal of this kind. The steelwork firm in question set
the height of the steel rings at 2.49 m, which meant 11
rings in total. Once the ring height had been established
it was possible to set the distance between the decks of
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Fig. 14: Steel plate segments with 90° split

the working platform (Fig. 14).
The workplace has to be made accessible from a
multideck platform and arrangements also have to put
in place for transporting the metal sheets (Fig. 15).
Other measures include the setting-up of a power supply system and the provision of compressed air and
welding gases. Installations also have to be provided for
transporting personnel, supplying concrete and handling the chemical seal material and rope pulleys and
drum winches had to be designed and installed for these
various systems (Fig. 16). And finally, another essential
requirement involved the provision of an emergency
winding installation.

The SCHACHTBAU Group offers its customers an extensive range of
services and products in the following business fields:
• Mining works
• Plant engineering
• Mechanical engineering
• Structural steel engineering
• Construction works
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fairly restricted. Transporting items over the old pit
bank can only be done by muscle power or by using
chain hoists, a fact that slows down the assembly work
considerably. When the mine fan is in operation there is
no possibility of preliminary assembly work being undertaken, which means that all work of this kind has to
be carried out during the short production stoppages.
Two production breaks of 16 and 22 days have been
contractually agreed for 2019 and 2020. Working within this stringent timeline will require the utmost efforts
on behalf of all the parties involved and overall success
will ultimately depend on everyone, i. e. K+S, mining
authorities, project specialists, steel erectors and shaft
construction team, working effectively together.

Summary
Fig. 15: Steel plate segments under escort - on the
guide carriage (left) and at the shaft top (right)

Fig. 16: Rope deflection gear (for steel transport) and platform winches

Once the designs have been laid down in detail each
item of equipment has to be fitted inside the existing
housing or head frame. The operating equipment will
therefore comprise the following:
▶▶ Two platform winches
▶▶ One sheet transport winch
▶▶ Conversion of the K+S heavy-duty winch for various transport duties (personnel, concrete and chemical seal material)
▶▶ Shaft signalling system for communication and signalling
▶▶ Inclusion of the client’s mobile crane winch for use
as an emergency winding system
▶▶ Shaft cover to serve as a sliding hatchway
All these items of equipment, and the various tasks to
be undertaken, have to be adapted to suit the circumstances prevailing at the Neurode shaft. The shaft house
dates back some 100 years and so the paperwork associated with it is far from complete. The building itself
contains the fan diffuser and so the space available is
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The paper describes the shaft renovation work being
undertaken at three mine shafts in quite different age
categories. The shafts in question were originally constructed 15, 50 and nearly 110 years ago respectively.
The structural renovation work has to be carried out under a special set of circumstances and constraints, these
being imposed not only by the status of the shaft itself
but also by the current conditions of use. The shaft construction engineers have to adapt continuously to these
factors when planning and executing the works and this
means drawing on all their experience and making the
most of the opportunities that present themselves. For
them battling against water ingress and rock pressure
has become part and parcel of everyday life.
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The lignite mining areas of Central Europe are increasingly encountering extraction zones that were previously worked by both opencast and underground mining
methods. The underground mining industry of the 19th
and 20th century, which was particularly prone to loss,
has left behind areas of deposits that have now again
become the focus of attention for the opencast mining
industry because of the growing demand for natural resources [1–7].
A deposit model is the basis for optimised mine
planning. Digital 3D modelling of underground mining-impacted areas of loose rock has never been satisfactorily attempted. The various characteristics associated
with old mine workings, such as new seam structures,
the irregular distribution of residual deposits and infills
of dead rock, present huge challenges for such an operation. Based on the example of Amsdorf opencast mine
this paper seeks to examine the potential of this kind of
modelling for technological applications [4, 5, 7].

1 Remit
Room-and-pillar caving working and panel working
with caving were the two most frequently used methods
for the underground mining of lignite. Both techniques
are characterised by the extraction of stopes or rooms
and their subsequent caving. The unconsolidated rock
above collapses into the chambers and settles into place,
while the coal also becomes intermixed with the caved
material (Figs. 1 and 2) [1, 3, 7–10].
For Amsdorf opencast mine, which stands as an excellent example for other deposits because of the massive influence exerted by deep mining activities of years
gone by, the following factors have to be considered, and
any attendant problems resolved, when attempting to
undertake a modelling exercise of this kind [4, 7]:

The lignite mining areas of Central Europe are
increasingly encountering extraction zones that
were previously worked by both opencast and
underground mining methods, in some cases
with significant mining losses. The paper uses the
example of Amsdorf opencast mine to present the
potential offered by 3D modelling of these areas,
which are now attracting interest due to the high
demand for natural resources.
Mining • Old mining workings • Lignite •
3D deposits model • Digitisation

2 Data Bases and Surveys
As well as incorporating the general primary data associated with modelling exercises of this type (drilling
data, mapping, etc.) it is also necessary to include any
available information relating specifically to abandoned
mines and old workings. This comprises historical records of mine entrances, underground cavities and
working areas, e. g. mine maps and plans [7, 11–14].
Traditional borehole surveying with additional geophysical logging has proved to be an effective way of collecting refined data on disturbed lignite deposits. Here
the wireline coring method has the advantage of also being able to recover rock samples for analysis [4, 7].

▶▶
▶▶
▶▶
▶▶

Caved areas (gob) 1890–1959
Multi-seam working
Floor displacements and vertical ribsides
Remnant coal in the form of horizontal pillars, residual pillars and residual slices
▶▶ Accessible sections of roadway
▶▶ Roof settlement
▶▶ Old opencast workings and spoil banks
Hertrampf and Drebenstedt:
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Fig. 1: Caving zone (gob) at Amsdorf opencast mine
Photo: Romonta, 30.05.2016
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Fig. 2: Breakdown of lignite and dirt bands in deposits previously targeted by mining operations

The following problems can be anticipated when
drilling into mine roadways or into gob areas: [4–7]:

survey is only to be recommended in exceptional cases
[7].

▶▶ Drilling into cavities (mud loss, cave-ins)
▶▶ Drill breakage due to man-made hindrances (timber, metal)
▶▶ Drill core losses
▶▶ Hydrostatic resistance due to water impoundment

3 Modelling

The following indicators can be used to identify the
presence of gob material in the drill cores [4, 5, 7]:
▶▶
▶▶
▶▶
▶▶

Unconsolidated drill core material
Mixture of coal and spoil/overburden
Timber remnants from the supports
Masonry (bricks)

In order to protect the drilling process from sinkholes
and subsidence the drill site has to be provided with
suitably sized crane mats [4, 5, 7].
Borehole geophysics should be used to log the
drilling data in detail. Clay-sand interbedding can be
identified by means of gamma ray techniques and gamma-gamma density measurement can be used for the
subsequent interpretation of the lithological recordings, particularly in areas prone to core loss, and for the
correction of layer depth data. The neutron-neutron
curve indicates increased water flows, such as in the gob
area for example [4, 5, 7, 15]. In view of the high cost involved and the low resolution ratio an areal geophysical
GeoResources Journal 1 | 2020
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Taking the Amsdorf opencast mine in the Central German district as an example an interpolated model of the
deposit, with their history of room-and-pillar caving,
has been created using MineScape software.

3.1 Data Preparation
The historic map data and the mine plans first have to
be meaningfully digitised and processed for mine surveying purposes. Referencing can for example be carried
out using a six-point transformation process. As well as
defining the geological and deposit-related conditions
this also has to characterise the type, geometry and
depth position of the various chambers and cavities [4,
7, 13].
Old drilling data must also be consulted. For the
case in question a total of 750 boreholes from the period 1856 to 2017 were recorded, digitised and uniformly collated along stratigraphic lines. As well as incorporating surface boreholes this operation also included
holes in the roof and floor beds that had previously
been drilled from the in-seam roadways. The drilling
data verification process also included a standardised
borehole designation along with height corrections [7,
16].
Hertrampf and Drebenstedt:
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Fig. 3: Data bases for the different deposit models

As well as being differentiated into surface drillings
and roof-and-floor drillings the historical data were also
generally categorised as follows (Fig. 3) [4, 5, 7]:
▶▶ before
drilling in undisturbed ground before the mining
activities of our forefathers
▶▶ after
drilling after the mining activities of our forefathers
▶▶ none
drilling in deposit as yet undisturbed (marginal
zones)

Fig. 4: Section through the undisturbed model

Penetration files also have to be created so that drill
‘data rods’ can logically be affiliated to the model. These
rods relate to each borehole and show which layer is
located directly above and below the axis in question
[4, 7].

the undisturbed model. Stratum points from the ‘after’
boreholes, which are located below the old extraction
zones in the undisturbed part of the deposit, can also
be used as survey data (Fig. 3). This provides additional
information for the model [4, 7].

3.2 Structural Models

Model disturbed by former Mine Workings

Undisturbed Model

Using the undisturbed model as a basis it is then possible to build up a ‘disturbed model’ that depicts the
current situation after exposure to underground mining operations. This model has the most significance for
current technological application [4, 7].
In view of the complex structures involved, e. g.
vertical ribsides and settlement zones, it is advisable to
separate the application into two sub-models, namely
‘coal’ and ‘overburden’ [4, 7].

The first step is to create an undisturbed model that reflects the geological conditions existing before any mining activity (Fig. 4). The modelling is therefore based on
the ‘regular’ (undisturbed) deposits [4, 7]. The underlying bed, which is not affected by mining operations, can
be created using all available borehole findings [4, 7].
The drilling categories ‘before’ and ‘none’ are used for
Hertrampf and Drebenstedt:
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▶▶ Upper edges of the residual slices
▶▶ Lower edges of old opencast workings/spoil banks

Fig. 5: Upper edge of the residual slice

Fig. 6: Section through disturbed coal model

The coal model uses the drilling categories ‘after’ and
‘none’. Stratum points from the ‘undisturbed model’ can
also be used below the impact zone of the old workings
(Fig. 3). The gob is to be modelled as a compact layer.
The individual coal and gob beds are to be amalgamated
accordingly in the boreholes. Only the coal below the
gob is to be left as a single layer (residual slice) [4, 7].
The basic model is subsequently to be matched
with strata conditions. The assignations used (surface
expressions) then establish a comparison, for each layer
boundary, stratum top edge and bottom edge, between
the projected basic model and the mining conditions
(boundary planes) within the given grid (Fig. 5). This
methodology can be used to create exact representations of the working areas and may, for example, help
prevent any pinching-out of the seam or gob at the ribsides (Fig. 6). With the aforementioned assignations the
layer boundaries are merely rearranged in terms of thickness according to the mining operations as carried out.
The actual adjustment process then requires the boundary planes to be constructed previously manually [4, 7]:

The upper edge of the residual slice describes the
boundary surface between the as yet undisturbed seam
(residual slice) and the gob (Fig. 5). This represents the
bottom edge of the former underground mine workings. The opencast spoil banks are constructed from the
mine plan and upper edges of the spoil layer using the
coal extraction boundaries [4, 7].
The remaining roadway openings are constructed as
a 3D triangulation on the basis of data from the mine
plan, while empirical values are used for the roadway
cross sections. The triangulation thus created can then
be subtracted from the model either at the calculation
or at the depiction stage [4, 7].
The overburden model is based on the generated
coal model. This involves using the drilling categories
‘after’ and ‘none’. The upper edge of the coal seam/gob
as taken from the coal model is used as the lowest concordant stratum boundary. On this basis the model can
be generated up to the ground surface. Because of the
concordance any subsidence at the roof beds, which has
been caused by the underground mining activities, can
be depicted very clearly. Like the coal model, the basic
model created in this way has to be compared with the
strata conditions, in particular to represent the impact
of the old spoil banks [4, 7].
The coal model and the overburden model can then
be amalgamated (Fig. 7) [4, 7].

3.3 Quality Model
The individual quality distributions can then be interpolated on the basis of the disturbed structural model.
The first step here is to input the available quality data.
The composite results for each seam are then determined on the basis of a thickness weighting [7].
Slight variations between the structural model and
the borehole response will occur because of the strata
conditions, as the software blends the quality values for
depth in the borehole with the model data. It was observed, for example, that the high ash values of a thin
dirt band were now being assigned to a coal seam. In order to resolve this problem an individual interval minimum thickness should be used for each parameter when
carrying out the amalgamation process [7].
The interpolation of the quality values is undertaken
in the normal way by the software using the grid method
[7]. A refined quality modelling process would be possible by dividing the seam into individual beds (or ‘peels’).
This method is actively used by MIBRAG (the Central
German Lignite Mining Company), for example, for
modelling areas of undisturbed deposits [17, 18].

3.4 Model Testing
Fig. 7: Section through overburden spoil model (coal model also depicted)
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The calculated structural and quality model was compared with the production rates and product qualities
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recorded at Amsdorf opencast mine during the period
2016 to 2018. It was found that the quantities correlated rather well (error rate < 10 %). The model data
also exhibited a high degree of positional accuracy in
the active mining areas in terms of the boundary plane
between the gob and the residual slice. The quality calculations could also be verified by taking samples from
the free working face [7].
The possibility also exists of establishing analogies
with other types of deposits, for example panel working
with caving, cutting and filling or open-chamber mining (as used in the extraction of potash and salt) [7].

4 Parameters
4.1 Mining Loss in Underground Mining
The relevant literature contains quite differing information with regard to product wastage (mining loss) in
the lignite underground mining industry. In some cases
the figures in question vary significantly, due primarily
to the individual geological conditions. The Amsdorf
models were used to investigate areas with no floor displacement. The findings reflect the literature-based values. The statistical analysis indicates an average mining
loss of between 35 and 40 % [7]. These figures show that
the deep mining period left considerable quantities of
lignite behind in the deposits. To the mining losses in
the gob areas can be added the as yet undisturbed seams
and other areas. This aspect underlines the importance
of these areas for resource production and reserves when
it comes to planning and organising current opencast
mining operations [7].

4.2 Output from Gob Areas
Considerable quantities of remnant lignite are obtained
from the gob area during active mining operations. In
the years 2016 to 2018 the coal recovered from the gob
represented 42 % of total production from Amsdorf
opencast mine [7].
When planning reserve capacity it is essential to
have information on the volume of recoverable and saleable coal VSK in relation to the total gob VAM, which is
the effective output as defined here (Fig. 2). By means
of modelled data and quarterly production figures the
effective output from underground-mined areas during
the period of the 1910s to the 1930s can be determined
and statistically analysed. It is evident that in the upper
gob zones there is more roof spoil than lignite available,
and consequently the output is lower. The deeper-lying
zones, on the other hand, contain a higher proportion
of lignite due to the fact that the remnant coal from the
upper levels has also collapsed into the deeper working
levels (downwards extraction). The output from the
opencast operations is higher in this case. A output value of 63.2±6.7 % (including dilution), in relation to the
entire gob area, has been established for medium and
long-term planning purposes [7].
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5 Summary
It has to be accepted that areas of deposits previously
targeted by former mining activities pose huge challenges for the opencast mining sector in terms of planning,
organisation and safety. The ‘disturbed deposit model’
that has been developed for the Amsdorf opencast mine
means that a three-dimensional digital reserve estimation and visualisation can be carried out for the first
time, along with quality calculations. The model also
serves as a basis for geotechnical and hydrological investigations. By thoroughly processing and preparing the
primary data it is possible to create an undisturbed, and
following that a disturbed, structural model of the target area. Here the decisive factor lies in the construction
of boundary planes and their alignment with the basic
model, using strata conditions to present a clear depiction of earlier mining zones (gob). For the Amsdorf lignite deposit, and using the new (disturbed) model as a
basis, it is therefore possible to determine values for the
effective output from the gob along with mining losses
associated with room-and-pillar caving.
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