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Discovering new Opportunities during  
the Corona Lockdown
GeoResources team and a response from friends in geotechnics, tunnelling, mining and raw materials

Crises bring all kinds of problems and negative consequences. 
But they are well known for providing opportunities too. The 
serious restrictions that the corona pandemic has imposed 

around the world in recent months have had a huge impact on our 
plans for this year and indeed on the everyday lives of millions of 
people – the crisis has been felt across borders and across age groups, 
across hierarchies and across sectors, in fact it has cut a path straight 
through most companies and institutions and many of our societies. 
All this has served to highlight some serious differences and dispari-
ties, along with developments to match.  

Your GeoResources Team genuinely hopes that all those affect-
ed by the pandemic are able to access the help that they need and 
that they are able to find a way to resolve their problems. But we are 
also keen to hear about positive experiences and findings that can 
be utilised in the future. We have therefore asked various people to 
provide a short personal statement on the following question: Can 
you think of an important new experience gathered from the 
time of the corona pandemic that you would like to use in future 
for your company or institution? The responses that we received 
have certainly given us some food for thought and a wealth of ideas 
and suggestions. 

What experience have I had  
that I can use for the future?

Alois  Gruber 
jun. and Mag.  
Alois Gruber
Senior Management 
Team, AGRU Kunst
stofftechnik GmbH: 

‘The Austrian economy is very well positioned by international compari-
son. Many companies have performed well thanks to a highly qualified 
workforce delivering excellent products and engineering services. This has 
provided the flexibility needed to react to the huge challenges posed by the 
ongoing corona crisis. And we are convinced that demand will eventually 
return to its original level.’

Prof. Dr.-Ing.  
Elisabeth Clausen, 
Head of the Department of Advanced Mining 
 Technologies, RWTH Aachen, Germany: 

‘Any good and successful digital communica-
tion is based on personal relationship.’

Beate Fischer, 
Director POWTECH, NürnbergMesse, Nuremberg, 
Germany: 

‘The generosity and creativity that the crisis has 
brought to light shows that together we can 
achieve more than expected. This raises hopes of 
achieving further ambitious goals, for example in 
the areas of resource efficiency and environmen-
tal protection. With this energy and the many 
new ideas we now start preparing for the next 

 POWTECH, which will take place in Nuremberg in 2022.’

Crises have negative consequences, but they create op-
portunities too. What kind of experiences gathered during 
the corona crisis are likely to prove valuable for shaping our 
future? 

Tunnelling • Mining • Geotechnics • Crisis • Opportunity
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Dr Maik Hamberger, 
German staff member of the Austrian geohazard 
 mitigation specialists Trumer Schutzbauten: 

‘While the corona pandemic has hit many areas 
of the economy very hard, the impact on the 
structural reinforcement industry has not been 
all negative. At the beginning of the crisis in mid 
March there was a high degree of uncertainty in 
our sector as in many others. No one knew how 
things would develop. There was no work being 

done on Austrian construction sites at this time. In Germany, on the other 
hand, attempts were made to keep operations going while observing strict 
hygiene rules. With the closure of the borders the sites being operated by 
Austrian firms in Germany could at first not be manned. After a hygiene plan 
had been prepared and introduced our manufacturing centre at Obertrum 
near Salzburg was able to continue production at a somewhat slower pace. 
This meant that we could continue to handle enquiries and orders from sites 
that were still working, as was the case in Germany, and so we were able to 
avoid a complete shutdown. Trumer Schutzbauten’s ability to provide flexible 
and prompt deliveries of material produced an extremely positive response 
from German construction companies. Four months and more after the ini-
tial corona measures were introduced, which was something we first had to 
get used to, we are now able to draw positive conclusions about the overall 
economic situation in our specialist branch of engineering, for in spite of the 
problems posed by the new operating conditions our companies, offices and 
public institutions have done a fantastic job – helped very much of course by 
a well adapted policy framework.’

Dipl.-Ing. Roland Herr, 
freelance journalist based in Bangkok/Thailand  
and Wetzlar/Germany: 

‘As an international freelance journalist the 
corona-related restrictions have had a major 
impact on me, particularly with the complete 
elimination of contacts when travelling, such 
as conversations with partners, discussions with 
potential clients and the sharing of knowledge 
with friends at international events like trade 
fairs, conferences and worksites. However, on the plus side it has to be said 
at the same time that a lot of time and money can be saved by way of virtual 
meetings and on-line seminars and discussions. It is also at moments like this 
that we think of friends we have not seen for a long time and so we give them 
a call. This again shows just how important and indeed essential these per-
sonal contacts are in every arena of life, both private and professional.’ 

Dipl.-Ing. Jens-Peter Lux, 
Managing Director of the DMT GROUP, Essen, Germany: 

‘It is time for a new approach to what is required 
to support national infrastructure in times of cri-
sis. For times of crisis pierce the skin of an invis-
ible world that is home to the structures that we 
rely on every single day. These structures are the 
so called ‘critical infrastructures’ that companies 
like DMT build and maintain. Any new approach 
must address in equal parts the readiness and re-
silience of the critical systems as well as those who are entrusted to maintain 
them. Creating a new set of mandatory criteria offers a useful starting point 
for identifying service providers that have the requisite capability to assure 
continuity and consistency in critical areas. These criteria must draw on the 
best of established and modern approaches, pairing physical proximity with 
advanced digitisation, financial resilience with agility of staffing and long 
lasting business relationship with complete portfolio along the value chains 
of clients to create and mandate a new approach to maintaining and sustain-
ing critical infrastructure.’

Freddy Lopez, 
Bolivian Geotechnical Engineer, based in Germany, Friedr. 
Ischebeck GmbH: 

‘Don’t get me wrong, the pandemic brought 
suffering and tremendous losses to the whole 
world, but as everything in life, it had also a 
bright side. Personally, I witnessed the solidarity 
of the company I work for and it gave me com-
fort to see that my colleagues and I are valued 
people and not only numbers. Not being able 

to travel allowed me to stay permanently at home and to be an active part of 
my family’s daily life, especially during the home schooling period. To me, it 
was a great experience.’

Dr.-Ing. Frank Leschhorn, 
Mining Consultant based in Brisbane/Australia and 
 Munich/Germany: 

‘Covid-19 has clearly shown our dependence on 
Asia, and especially China. The supply or value 
chains for critical minerals are not secure. We 
want to help the EU in procuring the minerals 
it needs for its high-tech industries.
Cheers, Frank’

Peter v. Hartlieb, 
International Relations, NRW Energy Agency,  Düsseldorf, 
Germany: 

‘As I see it, we have learned from the Covid-19 
crisis that it is now possible not only to have 
discussions by digital means but also to actively 
perpetuate on-line based opportunities and to 
extend them in harmony with a physical pres-
ence. And that in this way we are able to com-
municate more frequently and to move closer 
together, for crisis or no crisis: e pluribus unum.’
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Götz Tintelnot, 
Managing Director of TPH Bausysteme GmbH,   
Norderstedt, Germany: 

‘Even in our down-to-earth branch of industry, 
where safety reasons alone dictate that we have to 
be very careful about changes, the crisis has shown 
how important it is to be open to taking a flexible 
and creative approach to things. Something that 
will stay long in my memory, for example, is the 
manner in which our office team was always able to 
switch quickly and professionally to their ‘home office’ workstations and, more 
especially, the positive experience we had with the webinar video conferencing 
system, which we are now planning to use on a more permanent basis for dis-
seminating knowledge for and with our clients.’Klaus Wachter, 

CEO, SCAUT, Saragans, Switzerland: 

‘Exceptional situations such as the ongoing 
Covid-19 crisis serve to illustrate what value-
added digitisation brings to our everyday lives. 
However, we should not make the mistake of 
thinking that this technology can replace per-
sonal interaction.’

Prof. Dr Ralph Watzel, 
President of the Federal Institute for Geosciences and 
Natural Resources (BGR), Hanover, Germany: 

‘The activities of the BGR are guided by the prin-
ciples of ‘sustainability, responsibility and secu-
rity’. The importance of these concepts has been 
confirmed by the ongoing Covid-19 pandemic. 
Securing the supply of raw materials and energy, 
the sustainable use of our key natural resources 
groundwater and soil, and pre-emptive measures 
to forestall geohazards – these actions call for a high standard of accountability 
that we all have to respond to with even greater resolve as we take a global view 
of events.’

Dr Martin Wedig, 
Managing Director of the Association of Raw Materials 
and Mining and of the German Federation of Interna
tional Mining and Mineral Resources, Berlin: 

‘Federations such as ours have had their ac-
tivities restricted by Covid-19, although IT has 
helped us to continue to communicate and in so 
doing to uphold the interests of our members in 
their dealings with policy-makers and the busi-
ness world. However, web-based discussions 

cannot replace live meetings. We miss our face-to-face encounters with like-
minded mining professionals and the regular opportunities that organised 
events provide for direct contact with our elected representatives. For this 
reason we have now begun – albeit in small groups only – to revert slowly 
back to the normal working routine.’

Dr Michael Schulte Strathaus, 
CEO of VDMA Mining: 

‘After initial problems with supply chains at the 
beginning of April, which then gradually subsided 
over the following months, the corona crisis, while 
affecting business planability, also created oppor-
tunities for implementing digitisation projects at 
a faster and more consistent pace, particularly in 
respect of predictive maintenance, machine learn-
ing and process optimisation in the context of big 
data analytics.’

Dipl.-Ing. Catrin Tarnowski, 
Senior Technical Manager, GSE Lining Technology GmbH, 
Hamburg, Germany, a Solmax company with headaquarters 
in Varennes, Canada: 

‘Corona has shown us that a collaborative re-
lationship is possible using virtual technology, 
and in some cases these exchanges can take place 
on a more regular basis than before. Another 
positive observation is that many people have 
been made more aware of their immediate en-

vironment and the natural world and have realised that life does not need to 
be so fast paced.’ 

Prof. Dr.-Ing. Jürgen Schmitt, 
Faculty of Geotechnics and Tunnelling, Darmstadt Univer
sity of Applied Sciences, Germany: 

‘Digital lecturing is set to become a regular fea-
ture of my future teaching career. If someone 
had told me at the beginning of 2020, when I 
was standing in front of my students in the lec-
ture theatre, that I would one day only need a 
PC monitor and a headset to communicate with 
students and colleagues from research and prac-

tice then I would probably just have given a weary smile. Now I know that 
even professors can be wrong about things.’ 

Editor’s Office GeoResources
Contact: 
kb@georesources.net
mk@georesources.net
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Redpath Deilmann made corporate history in April 2020 when the com-
pany set a new record for two shaft sinkings at the new Nezhinsky potash 
mine in Belarus.

Mining • Shaft sinking • Record • Belarus • Potash

Company marks a new Milestone with another 
Shaft Sinking Record in Belarus
Felix Dicks, M.Sc. and Dipl.-Ing. Thomas Ahlbrecht, Redpath Deilmann GmbH, Dortmund, Germany

Thomas Ahlbrecht, Dipl.-Ing. Mining,
is divisional head of operations at REDPATH DEILMANN GmbH in Dortmund, 
Germany.
Contact: thomas.ahlbrecht@redpathmining.com

In 2018 Redpath Deilmann (formerly Deilmann-
Haniel) commenced work on a contract from Slavka-
liy IOOO to construct two surface shafts for the new 
Nezhinsky potash mine in the Republic of Belarus. The 
project remit is to sink two 8.0-m diameter freeze shafts 
to a depth of some 700 m, this to be a fully-mechanised 
operation based around shaft boring roadheaders, rath-
er than the conventional drilling and firing.

After completion of the foreshafts needed to set up 
the shaft boring machines the real sinking work with the 
two SBRs (shaft boring roadheaders) was able to com-
mence in shaft number 2 in December 2018 followed 
by shaft number 1 in January 2019. The SBR machines 
were designed and built by Herrenknecht AG in Schwa-
nau in close cooperation with Redpath Deilmann, also 
based in Germany. With some fine-tuning occasionally 

Fig. 1: Hoisting the last kibble on the construction site in Belarus
Photo: Redpath Deilmann GmbH

Felix Dicks, M.Sc. Mining,
is project engineer at REDPATH DEILMANN GmbH in Dortmund, Germany.
Contact: thomas.ahlbrecht@redpathmining.com

applied by the site crew to both the machines and the 
operating procedures the high-performing technology 
was soon interacting with an efficient workflow routine 
to the effect that by May 2019, and in spite of difficult 
geological conditions, the project set a new Belarusian 
shaft sinking record for metres sunk per month. The ac-
tual figures were 88 m and 83 m of bored shaft respec-
tively.

Sinking work was then temporarily halted in the 
summer and autumn of 2019 so that 215 tubbing rings 
could be installed in both shafts, the rock wall behind 
being sealed by injection. 

The sinking work was then resumed and in March 
2020 the first salt formations were reached at a depth 
of nearly 500  m. The improved geological conditions, 
combined with a great team effort on the part of the 
construction crew, saw the Belarusian sinking record 
broken for a second time in April 2020. And on top 
of this, the 144.4 m of completed shaft easily exceeded 
the existing Redpath Deilmann record that had stood 
for nearly 100 years – thereby marking another famous 
milestone in the company’s history. Both shafts have 
now reached the first planned inset levels (at a depth of 
about 670 m) and the next stage of the operation will 
involve the excavation and support of the landings.

The entire project is scheduled for delivery by mid-
2022. On July 17th 2020 Redpath Deilmann hoisted the 
last kibble on the construction site in Belarus (Fig. 1). 
After the shaft operations have been completed, which 
will include the construction and installation of the vari-
ous insets, skip pockets, bunkers and guide fittings, there 
will still be several kilometres of underground roadway 
to be excavated in line with the contractual agreement. 
Finally, the surface installations can then be dismantled 
and the site handed back to Slavkaliy.

It is still too early to tell how the current SARS-
CoV-2 epidemic will affect the work at the shaft site. As 
well as a large number of Belarusian and Russian staff 
the project also includes some 50 engineers and super-
visors from the German parent company. The measures 
to be taken in order to prevent the spread of this new 
coronavirus are being clearly communicated and every-
one knows what has to be done to protect themselves. 
The German personnel on site have shown great com-
mitment with their continued support for the ongoing 
operations, notwithstanding the restricted opportuni-
ties available at present for returning home. In spite of 
the corona situation the project team therefore remains 
fully manned and all involved are as healthy and moti-
vated as they were on day one. 

So with this in mind: Glückauf, good luck and stay 
healthy and За здоровье!
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Many existing structures and their deep founda-
tions have to be reinforced or retrofitted – e. g. 
due to a changed use requiring higher load bear-
ing capacities. Practicable and economical solu-
tions are needed. This paper describes the analy-
sis of interaction between existing bored piles and 
reinforcing micropiles. 

Geotechnics • Study • Foundation •  
Retrofitting • Micropiles • Reinforcement

Reinforcement of existing Deep Foundations 
with Micropiles
Freddy Lopez, MSc., Friedr. Ischebeck GmbH, Ennepetal, Germany
Jann-Eike Saathoff, MSc., and Prof. Dr.-Ing. Martin Achmus, Institut für Geotechnik (IGtH), Leibniz University Hannover, Germany

1 Introduction

Several structures (bridges, industrial facilities, etc.) are 
built on piled foundations. In many cases, the existing 
structures and their foundations have to be reinforced 
or retrofitted, because:

 ▶ The original use of these structures has been sub-
jected to changes that require increased load bearing 
capacities (e. g. former industrial facilities are reused 
for housing) 

 ▶ The serviceability needs to be enhanced, even though 
the original use remains the same. The latter is a com-
mon case when national building codes are updated 
or when the structures behave differently than origi-
nally planned (i. e. unacceptable settlements).

It is certainly common to undertake the retrofitting 
works from the existing foundation levels, with the cor-
responding space restrictions (limited working heights). 
Under these conditions, the use of micropiles has ena-
bled designers to come up with technically feasible solu-
tions to retrofit existing deep foundations, making the 
structural reinforcement a real option, even under con-
siderable changes in the loading conditions.

This article describes a proposed reinforcement of 
existing cast-in-place bored piles with a group of self-
drilling micropiles, to increase the load-bearing capacity 
of the original deep foundation. The focus is mainly on 
the analysis of the interaction between the existing piles 
and the reinforcing micropiles. A parametric study with 
a variation of the geotechnical parameters of the subsoil 
to obtain the optimal reinforcement configuration will 
be carried out.

2 About the Study in general

The feasibility study of an intervention project in the city 
of Cologne, Germany, proposed the reinforcement of an 
existing deep foundation – consisting of cast-in-place 
bored or drilled piles – with self-drilling micropiles. 

Self-drilling micropiles consist of continuously 
threaded hollow bars, made of seamless steel pipes and 
installed via rotary percussive drilling. During the drill-
ing process, the micropiles are continuously grouted 
(dynamic injection), which leads to a rough at the in-
terface grout-soil and increases the skin friction [1, 2] . 
The use of self-drilling micropiles has been proven to be 
a very versatile and cost-effective solution and is increas-
ingly implemented in different intervention projects, 
both for the construction of new infrastructure and as 
reinforcement to retrofit existing structures. These piles 
can be installed using very flexible drilling equipment, 
enabling the assembly of long micropiles even in con-
fined spaces and obtaining high drilling performances 
associated with very low vibrations [3, 4].

For the analysis of the reinforced foundation, a nu-
merical model was developed at the Institute for Geo-

Fig. 1: Intervention project and proposed  reinforcement [3]
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3.1  The EAP-analytical Model

According to the ‘Recommendations on Piling (EAP)’ 
[9], the characteristic pile resistance Rc,k of bored piles 
(drilled shafts) can be obtained from the tip or base re-
sistance 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 . Li)  ....................................................  (3)
 
Here D is the pile diameter and Li is the thickness of 
the i-th soil layer around the pile. Both the character-
istic base pressure qb,k and the skin friction qs,k are tabu-
lated in the EAP dependent on soil type (non-cohesive 
or cohesive), soil strength (described by the CPT cone 
resistance qc for non-cohesive or by the undrained shear 
strength cu,k for cohesive soils) and pile settlement s. For 
the base pressure qb,k, values are given for settlements 
corresponding to 2 %, 3 % and 10 % of the pile diam-
eter D. For the skin friction qs,ki, a linear increase with 
settlement is assumed until the maximum skin friction 
is reached at a limit settlement value ss,g:

ss,g = 5 . 10–4 . Rs,k (ss,g) [kN] + 0.5 cm ≤ 3 cm  ..............  (4)

It is worth mentioning that the EAP-values are based on 
extensive, calibrated databases for different pile systems. 
Empirical values not only for bored piles, but also for 
micropiles are available in the EAP. 

3.2  The numerical Model  
(Single Pile Simulation)

Although the single pile system is axisymmetric, a 3D 
model was established in order to enable the analy-
sis of the reinforcement by micropiles in a subsequent 
step. However, due to the symmetry conditions of the 
loading and the pile-soil system, only one quarter of the 
system had to be modeled in order to reduce computa-
tional effort. 

By means of preliminary analyses sufficient mesh 
fineness with regard to solution accuracy was found 
and the model dimensions were chosen to avoid any 
influence of the boundary conditions. The final model 
is discretised with roughly 220,000 elements and has a 
width and breadth of 15-times the pile diameter D and 
a depth of 2-times the pile length L. The mesh of the 
finite element model and its geometry are presented in 
Fig. 2. 

The pile with diameter D is modelled by volume 
elements with the material properties of concrete. An 
elasto-plastic contact was implemented between pile 
and the adjacent soil. The maximum shear stresses in 
the contact surface τmax result from the product of the 
horizontal stresses σH and the contact friction angle δ, 
which was assumed in the range of 70 to 85 % of the 
friction angle φ’.

technical Engineering (IGtH) of the Leibniz University  
Hannover, Germany. The analysis performed and the 
results obtained were described in a technical paper, 
presented at the 43rd DFI Annual Conference in Ana-
heim, USA [5]. 

After receiving updated information regarding the 
actual pile geometry and loading conditions, a second 
analysis of the existing and reinforced foundations was 
conducted. Based on the results obtained, additional 
analyses were carried out to evaluate the response of the 
retrofitted foundation under different ground condi-
tions. The following document presents the results of 
the parametric study, including the updated analysis of 
the original study case, for the intervention project ‘Ag-
gripabad’ in Cologne, Germany.

The scope of the intervention involved the reuse 
of a two-storey parking deck (with one underground 
level) to house an extension of the attached five-storey 
building, a public indoor swimming pool. According 
to the updated information provided by the structural 
engineer, the existing parking decks are founded on 
9.0-m-long cast-in-place bored piles (D = 0.8 m), which 
were designed in 1999 for a compressive service load of 
Nserv,0 = 1,000 kN according to the German Standards 
DIN 1054 [6] and DIN 4014 [7], valid at that time. 
Due to the extension of the facilities, it is expected that 
the existing piles will be loaded with a new service (char-
acteristic) load of Nserv,1 = 2,500 kN, resulting in a load 
increment of ΔNserv = 1,500 kN. Due to the consider-
able load increase, it was expected that the existing piles 
could not fulfill the new load requirements without 
additional reinforcement. Therefore, retrofitting meas-
ures using self-drilling micropiles were presented to the 
structural engineers in the scope of a feasibility study. 
An overview of the planned intervention and the pro-
posed reinforcement is presented in Fig. 1. The optimal 
angle of the piles was derived in a preliminary analysis 
to be 15°.

3   Analysis of the reinforced  Foundation

There is no analytical model to evaluate the interaction 
between the existing piles and the proposed reinforce-
ment, therefore the evaluation was carried out with a 
three-dimensional numerical model of the reinforced 
pile foundation system, using the finite element pro-
gram Plaxis 3D [8]. Preliminary analyses focused on 
evaluating the load bearing behaviour of the single piles, 
comparing the results of the numerical simulation with 
the results of an analytical model described in the ‘Rec-
ommendations on Piling (EAP)’ [9], which in combina-
tion with the Eurocode 7 [10] depict the current Ger-
man practice for the design of piled foundations.

After calibrating the numerical models to simulate 
the behaviour of the single piles, the interaction be-
tween the elements of the reinforced foundation (pile 
and micropiles) was evaluated. In the following sec-
tions, both the analytical model of the EAP and the nu-
merical model will be briefly described.
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The simulation is done in several steps. In the first 
step, the initial stress state is generated by considera-
tion of soil elements only: the horizontal stresses σH are 
defined by a coefficient of horizontal earth pressure at 
rest k0. Subsequently, the predefined elements defining 
the pile geometry are replaced by concrete elements 
with a linear-elastic material law (wished-in-place pro-
cedure). In the same step, the contact between the pile 
and the surrounding soil is activated. In a third step, 
the vertical load of N = Nserv,0 is applied to the center 
of the pile and finally, the center of the pile is loaded 
until a settlement, equal to 10 % of the pile diameter, 
is reached.

To model the soil’s material behaviour, the  
HSsmall model according to Benz [11] was used. This 
soil model is an upgrade of the sophisticated Hardening 
Soil Model according to Schanz [12] which enables 
for instance the consideration of the stress-dependency 
of soil stiffness. The HSsmall model is additionally able 
to account for the strain dependency of soil stiffness, 
being crucial for the response to small loads. The for-
mulation of the material law and the meaning of the 
required parameters is explained in detail in the user 
manual of Plaxis 3D [8] and is not further explained 
in this article. 

3.3 Interaction Pile-Micropiles

As previously explained, an extended numerical model 
was used to evaluate the load bearing behaviour of the 
reinforced foundation. The reinforcement consists of 
a group of four self-drilling micropiles, symmetrically 
arranged around each cast-in-place bored pile, with an 
inclination of 15° (referred to the vertical axis). A con-
crete pile cap (2.4 m x 2.4 m x 0.8 m) was modelled to 
generate a rigid connection between the bored pile and 
the micropiles. 

The calculation is done in five steps, as schematically 
presented in Fig.  3. In the numerical simulation, the 
first three steps are similar to the single-pile model. In 
a fourth step, the predefined elements representing the 
micropile and the rigid pile cap are activated. In the last 
step, an incremental vertical load Ninc is applied to the 
center of the pile cap until a settlement, equal to 10 % of 
the pile diameter D is reached (Fig. 3).

4 Parametric Study

For the present study, three different ground conditions 
with different geotechnical properties were assigned 
to the load bearing stratum (Layer 2, Fig. 4): medium 
dense to dense gravels for Case 1, medium dense sands 
for Case 2 and firm to stiff clays for Cases 3 and 4, re-
spectively.

For each case, the pile geometry (D = 0.8  m and 
L = 9.0  m) and the parameters of the granular infill 
(Layer 1) were kept constant, varying only the geotech-
nical parameters of the load bearing stratum (Layer 2) 
and the (initial) loading magnitudes Nserv,0. 

Fig. 2: Finite element mesh used in the simulations 
(single pile, D = 0.8 m, L = 9 m)

Fig. 3: Schematic presentation of the calculation steps for the system  
reinforced by micropiles

Fig. 4: Adopted configuration for the parametric study
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4.1  Definition of the initial Loading Nserv,0

The initial pile loadings Nserv,0 were obtained from the 
evaluation of the load bearing behaviour of the single 
piles according to the analytical model of the EAP [9], 
in a way that their values do not exceed the admissible 
load Rallow, calculated considering a typical safety factor 
FS = 2.0. For the analytical evaluation, the parameters 
listed in Table 1 were adopted.

The results of the analysis are presented as load-set-
tlement curves for the four cases in Figs. 5 to 7, with a 
close-up of the highlighted area, corresponding to set-
tlements up to s = 2.0 cm.

Based on the load-settlement curves calcu-
lated with the analytical EAP approach, an initial 
loading Nserv,0  =  1,000  kN was adopted for Case 1, 
Nserv,0 = 850 kN for Case 2, and Nserv,0 = 550 kN for Cas-
es 3 and 4. The corresponding settlements are s ≈ 0.8 cm 

Table 1: Adopted parameters for the existing piles  according to [8]

Case Layer
Descrip-

tion

CPT - 
tip 

 resistance
qc  

[MN/m2]

Un drained 
shear 

 resis tance 
cuk  

[kN/m2]

Base pressure  
qb,k [kN/m2] Skin 

friction  
qs,k  

[kN/m2]
s/D = 
0.02

s/D = 
0.03

s/D = 
0.10

1 - 4 1 granular 
infill, loose 2 - - - - 15

1 2

gravels,
medium-
dense to 
dense

14 - 983 1263 2813 98

2 2
sands, 
medium 
dense

11 - 717 917 2067 72

3 - 4 2 clays, 
firm-stiff - 150 600 700 1200 50

Fig. 6: Load-settlement curves from the analytical model for Case 2

Fig. 5: Load-settlement curves from the analytical model for Case 1
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for Case 1, s ≈ 0.8 cm for Case 2 and s ≈ 0.6 cm for Cas-
es 3 and 4.

4.2 Numerical Simulations

With the initial pile loading Nserv,0 obtained for all the 
analysis cases, the numerical simulations were conduct-
ed, as described in sections 3.2 and 3.3. 

The soil properties were chosen on basis of the Plax-
is recommendations and the Recommendations of the 
Committee of Soil Dynamics [13] with slight modi-
fications in order to fit the FEM results to the load-
displacement curves of the analytical approach, as de-
scribed previously in sections 3.1 and 4.1 (Figs. 5 to 7). 

Plaxis 3D allows the execution of an undrained 
analysis with the use of effective stiffness parameters by 
considering the high stiffness of the water in the pores 
Kw in the assembly of the stiffness matrices (Undrained 
A-Method). Herein, the following relationship between 
the increments of pore water pressure Δpw and volume 
strain Δεv is assumed [8]:

∆pw = Kw/n . ∆εv  .............................................................  (5)

Here n is the soil porosity. Using the Undrained A meth-
od in Plaxis, the effective shear strength parameters φ’ 
and c’ listed in Table 2 (Cases 3 and 4) were adopted to 
simulate the undrained shear resistance cu,k defined in 
Table 1 for the firm-stiff clays (Layer 2). Tables 2 to 4 
present the parameters adopted for the simulations. The 
only difference between Case 3 and Case 4 is the length 
of the reinforcing micropiles considered (Table 4).

4.3  Evaluation of the numerical Simulation 
Results for the single bored Piles

The results of the numerical analysis of the single piles 
are presented in Fig. 8 in terms of load-settlement 
curves. The results for the analytical approach are de-
picted for comparison. 

Fig. 7: Load-settlement curves from the analytical model for Cases 3 and 4

Table 2: Soil parameters used in the simulations – material law HSsmall

Case 1 - 4 1 2 3 – 4

Layer 1a 1b 1c 2 2 2

Upper level  [m] 0.0 2.0 4.0 6.5 6.5 6.5

Description Granular infill, loose Gravels, 
dense 

Sands, 
medium 

dense

Clay, firm
stiff

Unit weight (effective) γ’ [kN/m3] 8.8 8.8 8.8 11.5 10.3 8.5

Initial void ratio einit  [-] 0.85 0.85 0.85 0.60 0.6 0.5

Secant triaxial loading stiffness E50
ref  [kN/m2] 1,452 3,497 5,471 57,360 32,580 10,000

Tangent oedometer loading stiffness Eoed
ref  [kN/m2] 1,177 2,835 4,436 57,360 32,580 10,000

Triaxial unloading/reloading stiffness Eur
ref  [kN/m2] 4,356 10,490 16,414 22,5434 102,467 30,000

Exponent m  [-] 0.8 0.8 0.8 0.5

Cohesion c’  [kN/m2] 0.1 0.1 0.1 0.1 0.1 70

Friction angle φ’  [°] 28 28 28 40 38 20

Dilatancy ψ  [°] 0 0 0 2 3 0

Reference shear strain γ0.7  [-] 1 . 104 1 . 104 1 . 104 1 . 104

Dynamic shear modulus G0
ref  [kN/m2] 19,652 34,035 45,023 107,545 80,000 28,000

Poisson’s ratio μ  [-] 0.3 0.2 0.25 0.3

Reference stress pref  [kN/m2] 6.05 18.14 31.74 73.27 71.91 89.92

At-rest earth pressure coefficient k0  [-] 0.531 0.531 0.531 0.357 0.384 0.658

Reduction factor for interfaces Rinter  [-] 0.75 0.85 0.85 0.7

Table 3: Bored pile parameters used in the 
 simulations – material law linear-elastic

Structural element Bored pile

Case 1 to 4

Upper level  [m] 0.0

Length  [m] 9.0

Diameter D  [m] 0.8

Unit weight γ  [kN/m3] 25

Young’s modulus E  [kN/m2] 30 . 106

Poisson’s ratio ν  [-] 0.2
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4.4.1 Case 1

In Case 1, embedment of the piles in a very stiff gravel 
layer is considered. The calculated load-displacement 
curve for the foundation is presented in Fig.  9. With 
regard to the factor of safety, the reinforced founda-
tion (bored pile and micropiles) has an admissible load 
of Rallow = 3,400 kN. However, here the settlement cri-
terion is decisive and leads to a foundation resistance 
RFoundation = Rs=2.0 = 3,200 kN.

The resistance-settlement diagram shows that there 
is a slight change in the curvature of the diagram at a 
load level of approx. 5,200 kN (Fig. 9, left), which sug-
gests that the foundation stiffness begins to decrease, 
most likely because the mobilised skin friction of the re-
inforcing micropiles is reaching its maximum capacity. 

A close-up of the resistance-settlement diagram 
(Fig.  9, right) shows that the reinforced foundation 
is able to resist approx. 3.2-times the initial loading 
Nserv,0 = 1,000  kN, making the contribution of the mi-
cropiles evident.

Due to the rigid connection between the different 
elements, the settlements of the reinforced founda-
tion are also induced to the bored pile. For the above 
mentioned limit settlement of s = 2.0 cm, the bored pile 
would mobilise a resistance of Rpile = 1,250 kN, and the 
micropiles Rmicropiles = 1,950 kN, respectively.

4.4.2 Case 2

The analysis results for Case 2 (pile embedment in a 
sand layer) are presented in Fig. 10. Based on a safety 
factor of 2.0, the reinforced foundation (bored pile and 
micropiles) has a resistance RFoundation = 2,850  kN. The 
settlement criterion here yields a greater admissible load 
(Rs=2.0 = 3,000 kN). 

Similar to Case 1, the resistance-settlement curve 
generates the maximum skin friction of the micropiles 
at approx. 4,200 kN (Fig. 10, left).

In Case 2, the reinforced system is able to withstand 
approx. 3.35-times the initial loading Nserv,0 = 850 kN 
based on the contribution of the micropiles. To mobi-

Table 4: Micropiles parameters used in the simulations – material law 
linear-elastic

Structural element Embedded pile (skin friction only)

Case 1  3 4 1 2 3 4

Total length Ltot [m] – 12 12 12 15

Layer 1 2 2 2

Upper level [m] 0.0 6.5 6.5 6.5

Unit weight (effective) γ [kN/m3] 25

Young’s modulus E [kN/m2] 30 . 106

Length in layer Li [m] 6.7 5.3 5.3 5.3 8.3

Shaft diameter d [cm] 15 17 15 15 17

Skin friction τmax [kN/m] 33 37 120 90 53

Fig. 8: Comparison of the analytical and numerical results for the single bored piles

Based on the resistance behaviour simulated by the 
numerical models, a settlement s ≈ 1.2 cm was obtained 
for the initial loading Nserv,0 of Case 1, s ≈ 1.0 cm for 
Case 2 and s ≈ 0.4 cm for Case 3, respectively.

There is a congruency in the mobilised pile resist-
ances for settlements up to 3.0  cm, corresponding to 
3.75 % of the pile diameter D. As expected, the nu-
merical model presents a stiffer response for small settle-
ments (< 0.8 cm), consistent with the stiff soil behaviour 
to be expected for small strains. 

Due to the observed good agreement, the resistance 
behaviour of the piled foundation, simulated by the nu-
merical model, can be considered suitable for the subse-
quent analysis of the reinforcement and its interaction 
with the existing piles.

4.4  Evaluation of the Results for the 
 reinforced Foundations

The resistance of the foundation RFoundation is taken here 
– for design purposes – as the lesser of the following 
values:

 ▶ The admissible load Rallow, considering a typical safe-
ty factor FS = 2.0 

 ▶ The load corresponding to a maximal settlement 
smax = 2.0 cm (Rs = 2.0)
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lise the above mentioned allowable resistance Rallow, a 
settlement of s = 1.9 cm is necessary, at which the bored 
pile mobilises a resistance of Rpile = 1,150  kN and the 
micropiles Rmicropiles = 1,700 kN.

4.4.3 Case 3

In Case 3, the embedment of the piles in a firm to stiff 
clay layer and a micropile length of 12  m are consid-
ered. The analysis results are presented in Fig. 11. The 
reinforced foundation (bored pile and micropiles) has 
a resistance RFoundation = 1,900 kN, corresponding to the 
admissible resistance with respect to the factor of safety 
Rallow. 

Compared with the previous cases, the resistance-
settlement diagram shows that there is a more evident 
change in the curvature of the diagram at a load level 
of approx. 2,900 kN (Fig. 11, left), which suggests that 
the foundation stiffness decays considerably, most likely 
because the mobilised skin friction of the reinforcing 
micropiles is close to its ultimate capacity. 

According to the resistance-settlement dia-
gram (Fig.  11, right), the reinforced foundation is 
able to resist approx. 3.45-times the initial loading 
Nserv,0 = 550 kN. For the joint bearing mechanism of the 
bored pile and micropile in order to mobilise the above 
mentioned allowable resistance Rallow, a settlement of 
s = 0.9 cm is needed. Hence, the bored pile generates 

Fig. 10: Results of the numerical analysis for Case 2

Rpile = 700 kN, and the micropiles Rmicropiles = 1,200 kN, 
respectively.

4.4.4 Case 4

Case 4 is identical to Case 3, but a length of the micro-
piles of 15 m is considered. The analysis results are pre-
sented in Fig. 12. The reinforced foundation (bored pile 
and micropiles) has a resistance RFoundation = 2,200  kN, 
corresponding as for Case 3 to the admissible resistance 
Rallow with respect to factor of safety. 

The change in the curvature in the resistance-set-
tlement diagram takes place at a load level of approx. 
3,500 kN (Fig. 12, left). 

The diagram (Fig.  12, right) shows an increase 
in resistance of approx. 4.0-times the initial loading 
Nserv,0 = 550 kN. The settlement of the reinforced foun-
dation needs to be s = 1.0 cm in order to mobilise the 
above mentioned allowable resistance Rallow. The bored 
pile mobilises a resistance of Rpile = 750 kN, and the mi-
cropiles Rmicropiles = 1,450 kN.

For both calculations in clay, no additional consoli-
dation phase after (undrained) loading was considered. 
Taking this into account would lead to slightly greater 
settlements of both the single bored pile and the rein-
forced system. For instance, a consolidation of the sin-
gle bored pile prior to the installation of the micropiles 
roughly leads to 0.3 cm additional settlement. 

Fig. 9: Results of the numerical analysis for Case 1
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For each case, an initial loading was applied to the single 
pile. The magnitude of the initial loading was chosen to 
be as close to the admissible resistance as possible, ob-
tained by applying a safety factor FS = 2.0 to the ultimate 
pile resistance, determined analytically according to the 
conventional design practice for piled foundations.

A reinforced foundation was then investigated, 
consisting of a group of four micropiles inclined at 15° 
to the vertical axis, symmetrically arranged around the 
original pile. An (almost rigid) connection of the bored 

Fig. 13: Results of the analysis

Fig. 12: Results of the numerical analysis for Case 4

5 Summary of the parametric Study

For the present study, four cases were analysed with a 
numerical model, where three different ground condi-
tions with different geotechnical properties were as-
signed to the load bearing stratum (Fig. 4, Layer 2): 

 ▶ Medium dense to dense gravels for Case 1
 ▶ Medium dense sands for Case 2 and 
 ▶ Firm to stiff clays for Cases 3 and 4 

Fig. 11: Results of the numerical analysis for Case 3
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pile and the micropiles by a reinforced concrete pile cap 
was assumed.

The results of the parametric study show that the 
micropiles can significantly improve the foundation 
resistance by increasing the admissible load to a load 
between 3.2 and 4.0-times higher than the value of the 
initial loading applied to the single pile (without rein-
forcement). 

The results of the analysis are summarised in Fig. 13. 
The resistances of the reinforced foundations, compared 
to the resistances of the single piles (equal to the initial 
loading conditions) are presented in Fig. 13 (left). The 
load distribution between the reinforced foundation el-
ements (bored pile and micropiles) is shown in Fig. 13 
(right). The contribution of the micropiles to the load-
bearing capacity of the reinforced foundation is evident, 
representing more than 60 % of the total resistance.

It is worth mentioning, that the increased load bear-
ing capacity requires only small additional settlements, 
which do not exceed a defined limit value for the to-
tal settlement of 2.0  cm, corresponding to the usually 
accepted range for settlements under service load. The 
load-bearing behaviour of the reinforced foundation 
can be considered as completely satisfactory. 

Finally, the constructive layout of the reinforced 
foundation is schematically presented in Fig. 14.
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Construction projects are subject to risks, from 
the project-planning stage through the design 
phase to the execution phase and the subsequent 
guarantee period. This paper explains geotechni-
cal risk analyses using selected examples from the 
Europaviertel project in Frankfurt, Germany.
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Prof. Dr.-Ing. Jürgen Schmitt, University of Applied Sciences of Darmstadt, Darmstadt, Germany

1 Geotechnical Risk Analysis

In civil engineering, the term ‘risk’ is defined by multi-
plying the probability of occurrence by the magnitude 
of the damage it may cause. This means that a low risk 
exists if the probability of an event occurring or the 
damage which it may cause is low. The greater the dam-
age and the higher the probability of an event occur-
ring, the greater the associated risk [1].

In geotechnics, the risk depends on a large number 
of parameters and conditions. The task is to reliably es-
timate or substantiate the consequences of a damaging 
event, and to determine the probability of this occur-
ring. This requires a high level of professional experi-
ence and a representative database that can be accessed 
[1].

According to Nussbaumer et al. [1], the risk 
analysis process essentially consists of the four main 
elements of risk identification, risk assessment, risk 
control and risk monitoring. These are exemplified 
in Fig. 1. Risks can occur in almost all project phas-
es, from acquisition to the guarantee phase, and can 
have different effects on the way the project develops. 
For this reason, the focus of any risk analysis should 
be on minimizing risks that are already known before 
the start of construction work and on discussing the 
identified risks with all project participants and parties 
to the contract. This discussion must be understood as 
a process with the aim of making the identified risks 
more transparent for all parties involved and at the 
same time clearly defining the areas of responsibility 
when the risks occur [1].

The observation method can also be mentioned as 
a final point for the minimization of risks. This is di-
rectly related to the prognosis established in the risk 
analysis and serves to verify and validate it. By applying 
numerical methods, predictions can be made about the 
behaviour of soils, such as changes in their deformation 
and stress, before construction begins. In the course of 
the construction work it is necessary to monitor these 
predictions with measurements using the observation 
method, and to assess the behaviour of the system. Such 
a detailed monitoring process can make a significant 
contribution to the identification of risks and at an early 
stage prevent risks from occurring. Fig. 1: Schematic structure of a risk analysis [1]

2  Description of the Project Area 
 Europaviertel in Frankfurt 

2.1 Location and Topography 

The Europaviertel in Frankfurt is located between the 
trade fair and the main railway station. The project is 
being realised here as a development of the site of the 
former freight station. Site development work began in 
2005 as a new city district with apartments, offices, ho-
tels and social infrastructure, parks, and shopping and 
leisure facilities. 

Fig. 2 gives an initial overview of the size of the pro-
ject with an area of around 900,000 m² [2]. The project 
area is divided into Europaviertel West and Europa-
viertel East. The Emser Bridge, marked in red in Fig. 2, 
forms the boundary between the two areas. 

2.2 History and existing Buildings 

In 1996 it was decided that the freight station should 
be closed. Operations ceased in 1998, and in 1999 
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station in the middle of the project area. During the 
Second World War, the freight station was repeatedly 
the target of air raids, which makes the issue of freedom 
from explosive ordnance in the project area a topic of 
great importance when preparing a risk analysis.

2.3 Subsoil and Groundwater Conditions 

From a geological point of view, the Europaviertel pro-
ject area lies inside the Mainz Basin on the northern 
edge of the large tectonic rift zone of the Rhine Valley 
Rift [5]. Under artificial fills, the layers of the Quater-
nary follow with different thicknesses. The Quater-
nary strata consist of fluviatile terraced sediments of 
the River Main (sands, gravels and silts) as well as loess 
deposits and the products of their rearrangement and 
weathering. They are underlain by Tertiary sediments. 
In the project area, the Tertiary is formed by Miocene 
hydrobien layers consisting of an irregular sequence of 
clays, limestone banks, algal reefs and hydrobien sand 
layers, collectively known as the Frankfurt Formation. 
They reach a thickness of up to 100  m. The so-called  
rocky inflaty follow below the hydrobien layers and are 
more rocky and therefore less compressible than the hy-
drobien layers.

Surveys of the area of the former main freight sta-
tion in the west of the project area revealed, among 
other things, a Pliocene (Tertiary) trench which was 
explored down to a depth of approx. 16 to 20 m below 
the surface. During exploratory drilling in the south-
eastern part of the project area, the top of the Pliocene 
trench was established at a depth of between approx. 6 
to 12 m below ground level to approx. 12 to 20 m below 
ground level. The extract from the geological map in 
Fig. 4 shows the location of this trench, which is filled 

Fig. 2: Aerial photograph of the Europaviertel project area [3]

Fig. 3: Aerial photograph of the main freight station, 
Frankfurt, in 1997 [4]

Fig. 4: Extract from the geological map 3 with documentation of the Pliocene trench [5]

the Frankfurt planning office Albert Speer & Partner 
(AS&P) was commissioned to draw up a framework 
plan for the future development of the project area [4]. 
Fig. 3 shows an aerial photograph of the former freight 
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with sands, gravels, silt and partly with very silty, fine 
sandy clays. In some areas, the Pliocene trench separates 
the Quaternary from the Tertiary layers of the Miocene. 
Experience shows that the boundary between the Qua-
ternary and Tertiary periods is very undulating; an ex-
ample of this can be seen in Fig. 5 which shows a section 
of the subsoil in the project area. 

In the project area, the Quaternary sands and grav-
els and the Tertiary sands, gravels and the fissures of 
the limestone banks are all groundwater bearing. The 
areas of Tertiary clays and silts do not themselves carry 
groundwater and therefore have a blocking effect. In the 
area of the Pliocene trench, the Quaternary and Tertiary 
sands and gravels form an aquifer. Currently available 
information assumes the groundwater level GWCon-
struct at 93.00 m above MSL for the construction pe-
riod. 

3  Risk Catalogue for the Europaviertel 
Project Area in Frankfurt 

The preparation of a risk catalogue for the Europaviertel 
project area in Frankfurt is a central point in the imple-
mentation of a geotechnical risk analysis for such a pro-
ject area. As this risk catalogue was drawn up after the 
completion of numerous construction projects in the 
Europaviertel and during the construction of current 
projects and others in the planning stage, it is possible 
to draw on findings and risks that were identified in ad-
vance or that have already materialised in the completed 
projects, and thus to list a large number of possible risk 
events which might threaten the success of the project. 
The list of risks in the risk catalogue refers here only to 
those risks that result from the system or subsoil risk in 
the project area; it is intended to act as a checklist for 
the risk analysis of projects, to serve as a store of infor-
mation and to provide an overview of possible risks and 
their classification.

3.1 Structure of the Risk Catalogue 

When drawing up the risk catalogue, the first step was 
to determine the contents and define the respective cat-
egories (RC) of the risk catalogue. The following lists 
the individual components of the catalogue and their 
classifications:

 ▶ RC 1 Project risks and risk categories
 ▶ RC 2 Definition and impact of the risk

 ▷ RC 2.1 Risk types, partial risks, and consequenc-
es and measures

 ▷ RC 2.2 Risk impact
 ▶ RC 3 Risk assignment

 ▷ RC 3.1 Subsoil risk
 ▷ RC 3.2 System risk

 ▶ RC 4 Risk assessment
 ▷ RC 4.1 Extent of damage of risk
 ▷ RC 4.2 Probability of occurrence

 ▶ RC 5 Scoring result and risk value

Fig. 5: Section through the south-eastern part of the project area

The project risk section of the risk catalogue refers to 
the various categories associated with direct risks to a 
geotechnical project. In this context, the term category 
refers to the three key geotechnical disciplines: tunnel-
ling, the foundation of structures and the construction 
of excavation pits. 

The higher-order section ‘definition and impact of 
risk’ describes the main parts of the risk catalogue. In 
addition to the various types of risk, such as the inho-
mogeneity of the subsoil, or groundwater, the partial 
risks of the individual risk types are also dealt with and 
the implications of these and measures opposite them 
are considered. Finally, the effects of the risks on the 
project process or their influence on project activities 
are discussed.

3.2  Risk Types and associated partial Risks 
with Consequences

A total of nine risk types (RT) were defined in the risk 
catalogue. These can be assigned either to the subsoil 
risk, the system risk, or both. The nine risk types, whose 
partial risks are discussed below, are:

 ▶ RT 1 Inhomogeneity of the subsoil
 ▶ RT 2 Groundwater
 ▶ RT 3  Geogenic/anthropogenic obstacles in the 

 subsoil
 ▶ RT 4  Anthropogenic (construction-related) soil 

contamination
 ▶ RT 5 Earthquake
 ▶ RT 6 Vibrations
 ▶ RT 7 Foundation
 ▶ RT 8 Planning approval procedure 
 ▶ RT 9 General Risks

3.2.1 RT 1 – Inhomogeneity of the Subsoil 

The subsoil is characterised by considerable inhomoge-
neity of the existing strata in the project area consisting 
mainly of clays, silts, sands, and gravels (Quaternary and 
Tertiary). 

The inhomogeneity of the subsoil and its com-
ponents results in a large number of risks which are 
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clearly assigned to the subsoil or system risk and 
which can have a major influence on the structures 
founded on it.

Table  1 lists the identified partial risks resulting 
from the risk type Inhomogeneity of the subsoil and ex-
plains their implications and measures. 

3.2.2 RT 2 – Groundwater

In the Europaviertel project area there are several lay-
ers of subsoil which are groundwater-bearing. These 
include the Quaternary sands and gravels, the Tertiary 
sands, gravels, which are aquifers of pore groundwater, 
and the limestone banks, which are classified as fissure 
aquifers or karst aquifers.

The non-water-bearing layers of the Tertiary clays 
and silts act as barriers, and this is often made use of for 
the relief of groundwater pressure in excavation pits.

In the area of the Pliocene trench, the Quaternary 
and Tertiary sands and gravels form a common aquifer. 

After the inhomogeneity of the subsoil, groundwa-
ter constitutes the second type of risk and includes the 
partial risks listed in Table 2.

3.2.3  RT 3 – Geogenic/anthropogenic 
 Obstacles in the Subsoil

This type of risk includes geogenic obstacles, such as 
large-size boulders, and anthropogenic obstacles, such as 
old foundations, anchor strands or power cables, which 
may have an influence on the execution of construction 
work in the subsoil. They are compiled in Table 3.

3.2.4  RT 4 – Anthropogenic (production- 
related) Contamination of the Subsoil

Contamination of the subsoil can occur on construc-
tion sites which work with various suspensions, injec-
tions or with varieties of construction plant. For this 
reason, careful handling and correct procedures are of 
great importance in such measures. Table 4 lists this 
risk type according to its position in the risk cata-
logue. 

3.2.5 RT 5 – Earthquake

The Europaviertel project area in Frankfurt is located in 
earthquake zone 0 according to EC 8 – DIN EN 1998-
1/NA. Although the probability of the earthquake 
zone being greater than zone 0 is negligible, it must 
nevertheless be listed as one item in the risk catalogue, 
since the structure can also be designed for this risk. 
Table  5 shows how this risk has been incorporated 
into the risk catalogue. A design according to EC 8 – 
DIN EN 1998-1/NA for a higher earthquake zone is 
the only conclusion from and measure against this risk. 
Extended design would be reflected in higher construc-
tion costs, additional research requirements and further 
planning measures. 

Table 1: Partial risks of risk type RT 1 ‘Inhomogeneity of the subsoil’

Partial risk Consequences and measures

RT 1.1 natural scatter of soil 
and rock mechanical 
parameters φ/c

 ▶ influence on stability
 ▶ increase survey density
 ▶ mathematical verifications with variation of the parameters
 ▶ limited or impossible optimization measures

RT 1.2 wide range of 
 coefficient of 
 permeability 
( horizontal and vertical)

 ▶ over-/underestimate of the water volume
 ▶ adjustment dewatering excavation pit
 ▶  additional decoupling/drainage into canalisation/ seepage 

basins
 ▶ pumping tests/ back analysis GW

RT 1.3 different stiffnesses 
within one soil layer

 ▶ extent of settlement
 ▶ settlement differences/tilting/angular rotation
 ▶ mathematical verifications with variation of the stiffness

RT 1.4 different layer 
 thicknesses of  
the subsoil

 ▶ over-/underestimation
 ▶ bearing capacity/stability
 ▶ Increase survey density
 ▶  mathematical verifications with variation of the layer 

 thicknesses

RT 1.5 limestone banks/ 
algal lime beds  
(water permeability/ 
stiffness)

 ▶ over-/underestimate of the water volume
 ▶ adjustment dewatering excavation pit
 ▶ tightness of the excavation pit
 ▶ settlement differences/cants
 ▶ abrasivity
 ▶ drillability/manufacturability

RT 1.6 quality (installation 
density/material) of 
backfilled areas at the 
freight station

 ▶ subsoil replacement/soil improvement
 ▶ landfill/disposal required
 ▶ increase survey density

RT 1.7 Pliocene trench  ▶ over-/underestimate of the water volume
 ▶ over-/underestimate of the bearing capacity
 ▶ tightness of the excavation pit
 ▶ increase survey density

RT 1.8 contamination of the 
soil / geogenic impact

 ▶ subsoil replacement/soil improvement
 ▶ landfilling/disposal required
 ▶ increase survey density
 ▶ detailed sampling/analysis
 ▶ testing recyclability or landfilling

Table 2: Partial risks of risk type RT 2 ‘Groundwater’

Partial risk Consequences and measures

RT 2.1 groundwater level 
 during construction

if < GWCons:
 ▶ overestimate of extraction volume

if > GWCons:
 ▶  underestimate of extraction volume / uplift of the base /  

effect on shoring
 ▶ groundwater monitoring
 ▶ take immediate measures (alarm and action plan)

RT 2.2 creation of a hydraulic 
short circuit between 
the groundwater levels

 ▶ tightness of the excavation pit
 ▶ bored-pile construction with water load
 ▶ if necessary, grouting of the bored piles
 ▶  adaptation of the planning (base of excavation pit/  

foundation design)

RT 2.3 groundwater 
 impoundment by 
enclosure of excavation 
pit/foundation

 ▶ if necessary, additional hydromechanical calculations
 ▶  measures against GW impoundment (e. g. culvert, 

 groundwater window) and against ochre formation/sinter-
ing

RT 2.4 survey boreholes not 
properly plugged

 ▶ possible impairment of the tunnel-boring concept
 ▶ water ingress into excavation pit
 ▶ measures for backfilling/injection
 ▶ additional dewatering

RT 2.5 anthropogenic/ 
geogenic pollution of 
groundwater

 ▶ implement the requirements of water law permits
 ▶ groundwater remediation measures
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3.2.6 RT 6 – Vibrations

The risk type vibration combines all risks arising from 
the effects of vibrations from construction equipment 
or, for example, from regular subway operations, and 
the resulting noise impact of the sound. Three partial 
risks result from the risk type vibration, and these are 
listed in Table 6. 

3.2.7 RT 7 – Foundations

To a certain extent, the partial risks listed with the risk 
type ‘foundations and excacation pits’ overlap with 
partial risks of risk type RT 1 ‘inhomogeneity of the 
subsoil’, but they can still be considered as independent 
risks. They are understood to be those risks which, as a 
result of the foundation of structures and the construc-
tion of excavation pits, can impair the structure itself on 
the one hand and neighbouring structures on the other. 
These impairments can result from the foundation it-
self, from entrained displacements, or from the subsoil. 
Table 7 shows the partial risks of this risk type. 

3.2.8 RT 8 – Planning Approval Procedure

The risk type planning approval procedure is not neces-
sarily a risk that can be directly assigned to the system 
risk or the subsoil risk, but it should nevertheless be 
mentioned in this risk catalogue as there are two partial 
risks of great importance in the project area. Table  8 
shows the partial risks of this risk type. 

3.2.9 RT 9 – General Risks

This final risk type deals with general risks that may 
affect a project. These include not only severe weather 
events, but also the presence of cultural remains in the 
subsoil. The partial risks and their implications and 
measures are listed in Table 9.

3.3 Impact of the Risks 

The effects of the individual partial risks are a key item in 
the risk catalogue. Some of the effects and consequences 
of the various risks have been discussed as examples in 
the previous chapters. Furthermore, the risk catalogue 
should enable direct identification of the effects of a risk 
on a specific aspect (construction time, construction 
costs, extent of damage, etc.). Table 10 therefore shows 
the parameters with the impact of the identified risks 
and their abbreviations according to their designation 
in the risk catalogue.

3.4  Evaluation of Risks according to 
 Probability of Occurrence and Impact 

The basic structure of the risk catalogue is such that, 
in a first step, the risk categories to be examined are re-
corded and risks and partial risks are compiled; this is 

Table 3: Partial risks of risk type RT 3 ‘Geogenic/anthropogenic obstacles in 
the subsoil’

Partial risk Consequences and measures

RT 3.1 constructibility of the 
excavation pit shoring 
(diaphragm wall,  
bored-pile walls)

 ▶ modification of the excavation pit safety concept
 ▶ measures for the tightness of the excavation pit
 ▶ abrasivity

RT 3.2 constructibility of the 
foundation design  
(foundation piles,  
single foundation)

 ▶ extent of settlement
 ▶ settlement differences/tilting
 ▶ modification of the founding design
 ▶ abrasivity

RT 3.3 influence on tunnel 
driving

 ▶  damage to the TBM (disc-cutter wear, disc change, shield 
blockage)

 ▶ adaptation of the tunnelling concept
 ▶ tunnel driving stopped
 ▶ abrasiveness

RT 3.4 explosive ordnance  ▶ danger on site and in the vicinity
 ▶ standstill and construction stop
 ▶  focus and increase of type of accuracy of the ordnance-

release measurement

RT 3.5 encountering artificial 
obstacles (excavation-pit 
enclosure, foundations, 
base sealings, pipework)

 ▶ settlement differences/tilting
 ▶ abrasiveness
 ▶ historic surveys
 ▶ geophysical surveys

Table 4: Partial risks of risk type RT 4 ‘Anthropogenic (construction-related) 
impacts on the subsoil’

Partial risk Consequences and measures

RT 4.0 contamination of  
the subsoil due to 
construction work

 ▶ implement the requirements of water law permits
 ▶ limited recyclability
 ▶ landfill/interim storage, if applicable
 ▶ remedial measures

Table 5: Partial risks of risk type RT 5 ‘Earthquake’

Partial risk Consequences and measures

RT 5.0 earthquake  
zone > zone 0

 ▶ according to DIN 4149 project area in earthquake zone 0
 ▶  design according to DIN 4149 for earthquake > earthquake 

zone 0

Table 6: Partial risks of risk type RT 6 ‘Vibrations’

Partial risk Consequences and measures

RT 6.1 vibration effects on 
adjacent structures 
(residential buildings / 
industrial plants)

 ▶ remedial measures
 ▶ construction standstill at sensitive data centres nearby
 ▶ adaptation of construction sequence / shoring concept
 ▶  architectural and geotechnical evidence-preservation 

 procedure
 ▶ shielding concepts

RT 6.2 deformations and 
 settlements due to 
driving

 ▶ remedial measures
 ▶  architectural and geotechnical evidence-preservation 

 procedure
 ▶ concept development against vibrations

RT 6.3 noise due to vibration 
effects

 ▶ if necessary, additional hydromechanical calculations
 ▶  measures against GW impoundment (e. g. culvert, 

 groundwater window) and against ochre formation/sintering

followed by a weighting of the various influencing fac-
tors. 

The evaluation is based on the probability of oc-
currence and the impact on the project. Table  11 de-
scribes the probabilities of occurrence and weightings 
used to assess the individual partial risks, and Table 12 
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describes their significance and impact. A simple rating 
system with a classification from 1 to 5 was deliberately 
chosen to determine the probability of occurrence and 
the significance and impact, as a more detailed classifica-
tion is not yet possible due to the lack of data and repre-
sentative results for the project area. 

The scoring result or risk value is the product of the 
values for probability of occurrence and significance. 
From the risk values, a classification of the relevance of 
the risks can be made. This classification into five risk 
levels is based on the scoring results. These are shown in 
Table 13. Risks that have a scoring value < 5 can be con-
sidered as fairly insignificant risks with a very low risk lev-
el. The significance of risks with scoring values between 6 
and 10 can only be classified as low for the project; their 
risk level is low. From a scoring value of 11 upwards, the 
risks already have a greater influence, which can have a 
negative impact on the project. Risks that score between 
21 and 25 have a very high degree of risk, are classified 
as extremely significant, and require closer examination, 
the definition of measures, and monitoring. 

3.5 Scoring Results 

The scoring results obtained from the risk catalogue 
and the resulting assignment to risk grades according to 
Table 13 for the partial risks listed in Tables 1 to 9 can 
be seen in the diagrams in Fig. 6. 

The distribution of the scoring results shows that 
there are four partial risks, namely 1.3, 5.0, 6.2 and 8.1, 
which are classified as fairly insignificant with a very low 
risk level and with a very low damage impact. These four 
partial risks with a scoring result < 5 account for around 
13.3 % of all identified risks. A total of ten partial risks, 
namely 1.5, 1.6, 2.1, 2.2, 2.3, 2.5, 3.2, 3.3, 4.0 and 9.2, 
can be assigned to the second category of scoring results 
from 6 to 10, which accounts for 33.3 % of all identified 
risks. The distribution also shows that six partial risks, 
namely 1.1, 1.2, 2.4, 3.1, 7.3 and 9.1, have a scoring re-
sult with an average of 11 to 15. Their share of the total 
risks accounts for around 20 % of all risks. The degree 
of risk with a high significance, i. e. a scoring result be-
tween 16 and 20, is achieved by a total of nine partial 
risks, namely 1.4, 1.7, 1.8, 3.4, 3.5, 6.1, 6.3, 7.2 and 8.2. 
This corresponds to a total of around 30 % of the iden-
tified risks. The highest risk level is achieved by partial 
risk 7.1. This risk, accounting for 3.3 % of all risks, is ex-
tremely important.

4  Risk-simulation Calculations for 
 selected Projects in the Europaviertel

Some of the partial risks from the risk catalogue are 
now further explained with risk-simulation calculations 
or examples and their effects are examined in terms of 
the extent of damage or other cost factors. In particular, 
the risks of groundwater relief, serviceability, Pliocene 
trench and the risk of an area with planning approval 
are addressed.

Table 7: Partial risks of risk type RT 7 ‘Foundations’

Partial risk Consequences and measures

RT 7.1 Foundation:
 ▶ serviceability
 ▶  tilting/angular 

rotation
Excavation pit: 

 ▶ deformability

 ▶ remedial measures
 ▶ construction standstill at sensitive data centres nearby
 ▶ adaptation of construction sequence/shoring concept
 ▶  architectural and geotechnical evidence-preservation 

 procedure
 ▶ shielding concepts

RT 7.2 resulting 
 displacements

 ▶ remedial measures
 ▶  architectural and geotechnical evidence-preservation 

 procedure
 ▶ concept development against vibrations

RT 7.3 type of foundation  ▶ if necessary, additional hydromechanical calculations
 ▶  measures against GW impoundment (e. g. culvert, 

 groundwater window) and against ochre formation/sintering

Table 8: Partial risks of risk type RT 8 ‘Planning approval procedure’

Partial risk Consequences and measures

RT 8.1 keeping construction 
areas clear

 ▶ compliance with specified distances for development areas

RT 8.2 design  taking 
 subsequent 
 construction projects 
into account

 ▶ additional foundation measures for planned/existing tunnels
 ▶ compliance with specified distances for development areas
 ▶ mathematical verification of serviceability and stability
 ▶ measurement and evidence-preservation concept
 ▶ alarm and action plan

Table 10: Parameters considered with effects due to 
the risks

Parameter Abbreviation

Construction time BZ

Construction costs BK

Amount of damage SH

Stability SI

Serviceability GT

Additional survey requirement EK

Research required  
(for example numerical calculations) FB

Additional planning and construction measures MS

Table 11: Risk catalogue – probability of occurrence of risks and their 
weighting

Probability of occurrence Value [-] Description

Very low 1 potential but unlikely risk

Low 2
suspected risk

Medium 3

High 4
anticipated risk

Very high 5

Table 9: Partial risks of risk type RT 9 ‘General risks’

Partial risk Consequences and measures

RT 9.1 occurrence of 
 unforeseeable risks  
(natural disaster, fire)

 ▶  construction stop
 ▶ disruption concept with action plan

RT 9.2 encountering cultural relics  ▶  construction stop
 ▶ preliminary archaeological survey
 ▶ preliminary geophysical survey
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4.1 Grand Tower – Groundwater Relief

4.1.1 Notes on the Project

The following shows a risk calculation for the ground-
water relief of the Grand Tower in the eastern part of 
the Europaviertel. This risk calculation examines the 
influence of different layer thicknesses of the permeable 
layers on the one hand, and the influence of the residual 
water rate RW of the excavation pit on the total costs of 
groundwater relief on the other hand. 

The Grand Tower construction project (Fig. 7) has 
an area of around 2,700 m². The foundation of the ap-
proximately 172 m high tower consists of a combined 
pile and slab foundation. The construction of the base-
ment storeys was carried out under the protection of 
an impermeable trough-shaped excavation pit around 
40  m x 70  m in size. The planned bottom face of the 
excavation pit was 8 to 11 m below ground level. The 
groundwater level during construction was set at 
GWCons = 93.00 m above MSL. In the course of the 
groundwater lowering, the water table inside the im-
permeable trough pit will be lowered to 85.40 m above 
MSL in the final excavation state. Fig.  8 gives a clear 
overview of the boundary conditions of the excavation 
pit. The groundwater relief or residual-water drainage 
of the excavation pit includes three different drainage 
phases:

 ▶ Drainage of the excavation pit during excavation
 ▶ Controlled groundwater relief of the Tertiary aqui-

fers below the base of the excavation pit (limestone 
banks and hydrobien sands) to protect the base of 
the excavation pit

 ▶ Collection and transport of surface runoff (precipi-
tation)

The drainage of the excavation pit and the controlled 
groundwater relief of the limestone banks and hydrobien 
sands below the base of the excavation pit were carried 
out by means of relief boreholes and extraction wells 
above the groundwater level at the time of construction. 

The groundwater lowering must continue in op-
eration until the safety of the structure against uplift is 
achieved. Here, a construction period of eight months 
was anticipated.

The calculation of the total amount is based on the 
experience with groundwater lowering/relief in the Eu-
ropaviertel. With a construction groundwater level and 
an embedment depth of the shoring wall of up to 20 m, 
this results in an extraction volume of approx. 60,000 m³.

4.1.2 Risk Simulation Calculation

The risk simulation calculation of groundwater relief is 
based on the variation of two parameters and their effects 
on the total extraction quantity. The residual water rate 
RW (risk A) and the free pore volume (risk B) were used 
as variation parameters. Both parameters were examined 

Table 13: Degrees of risk depending on the scoring 
result as a product of values for probability 
of occurrence and significance

Risk level Scoring result

Very low < 5

Low 6 - 10

Medium 11 - 15

High 16 -20

Very high 21 - 25

Table 12: Risk catalogue – significance and impact of 
risks and their weighting

Meaning Value [-] Impact

Insignificant 1

BZ, BK, SH, SI, GT, EK, FB, MS

Low 2

Medium 3

Significant 4

Very high 5

Fig. 6: Distribution of risk levels

Fig. 7: Grand Tower – photographed on 05.12.2018
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told, the extraction volume of the groundwater relief 
varies between 42,361 m³ (risk R A1 and risk R B2) and 
113,380 m³ (risk R A4 and risk R B1). 

Fig. 9 shows the probabilities of occurrence and the 
extraction volumes of the eight possible combinations. 
The primary axis indicates the probability of occurrence 
in percent and the secondary axis the extraction volume 
in cubic metres. Based on the extraction volumes and the 
probabilities of occurrence, it is possible to create a risk 
profile for the simulation calculation (Fig. 10). Conclu-
sions regarding the quality of the input parameters can 
be drawn from the risk profile. If, for example, the curve 
of the risk profile is flat, a small change in the probability 
of an exceedance leads to a greater significant change in 
the risk magnitude. This points to a wide scatter of the 
input parameters. In the case shown here, the risk profile 
is steeply inclined. This means that a greater change in 
the probability of exceedance is necessary to increase the 
risk level of the extraction volume [6].

4.1.3 Evaluation

The risk-simulation calculation of groundwater relief 
has shown that the results of the extraction volume of 
60,000 m³, calculated using empirical values, are still ex-
ceeded in 50 % of all cases of the independently selected 
and applied parameters. In the worst case, an extraction 
volume of around 114,000 m³ might have been expect-
ed, i. e. a doubling of the extraction volume. In addition, 
there is a danger that the entire groundwater manage-
ment concept is underdimensioned, that the water vol-
umes involved cannot be collected and that additional 
costs are incurred for replanning. The risk catalogue also 
indicates a large number of other risks which, taken to-
gether, can result in considerable costs for the client. In 
any case, the risk of groundwater relief is one that can 
be identified with a simple simulation calculation, and 
if it occurs, it can be protected against by simple means, 
such as additional capacity in the groundwater manage-
ment concept. 

4.2  DB Tower – Pliocene  
Trench Soil Stratum

4.2.1 Notes on the Project

The Pliocene trench has a scoring result from the risk 
catalogue of 20 out of 25 points; these will be discussed 
again in this section. The aim should be to investigate 

Table 16: Calculation of the probabilities of occurrence E and extraction volumes for different combinations of 
risk A to the residual water rate to risk B to the free pore volume

Table 14: Risk A – residual water rate

Risk Probability of occurrence Size of risk of residual water rate RW

[-] [%] [l/s/1.000 m²]

R A1 5 1

R A2 70 1,5

R A3 15 2

R A4 10 3

Risk
R A1 R A2 R A3 R A4

E [%] Volume [m³] E [%] Volume [m³] E [%] Volume [m³] E [%] Volume [m³]

R B1 1,5 44.489 21 61.825 4,5 79.160 3 113.830

R B2 3,5 42.361 49 59.697 10,5 77.032 7 111.702

Table 15: Risk B – free pore volume

Risk Probability of occurrence Size of risk of residual water rate RW

[-] [%] [l/s/1.000 m²]

R B1 30 0,4

R B2 70 0,3

Fig. 8: Grand Tower – system sketch of excavation pit and dewatering

with regard to their size and an associated probability of 
occurrence. For the residual-water rate, a total of four risk 
magnitudes (R A1 to RA 4) with different probabilities 
of occurrence resulted; these are shown in Table 14 be-
low.

For risk B, the free pore volume, two magnitudes 
(R B1, R B2) were obtained; these were selected with 
different probabilities of occurrence (Table 15). 

The occurrence probabilities E of all possible combi-
nations of risk A with risk B are then calculated and the 
extraction volumes are determined (Table  16). There 
is a total of eight different possible combinations. All 
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the effects on the water-management concept when the 
risk occurs and to explain the resulting measures. 

The subject of the Pliocene trench is dealt with on 
the basis of the construction project DB-Tower. The 
project consists of a 66 m high-rise building with adjoin-
ing plinth development on a continuous 3-storey base-
ment. The loads of the high-rise building are transferred 
to the subsoil via a combined pile and slab foundation. 
The subsoil in the project area consists of Quaternary 
layers underlain by Pliocene sands/silts. Following be-
low the Pliocene strata are the layers of the low-permea-
bility landsnail marl and the Frankfurt Formation. The 
groundwater is about 4 m below ground level.

In this case, the position of the Pliocene trench in 
the excavation pit (Fig.  11) comes from the survey, 
which means that the risk of the Pliocene trench has 
been realised in this calculation example. In reality, the 
Pliocene trench was localised by a detailed survey pro-
gramme and the existing conditions were considered 
during the planning process. 

4.2.2 Risk Simulation Calculation

Taking the current state of knowledge into account, 
the risk simulation calculation for the Pliocene trench 
should show what additional extraction volumes can be 
expected if this risk occurs. 

Fig. 12 shows that the shoring wall of the DB Tow-
er does not end in the low-permeability soil layers as 
planned, but in an unexplored, deeper Pliocene trench. 
This causes a certain amount of leakage, through which 
groundwater flows unhindered into the excavation pit. 
The inflow to the excavation pit is determined to be 
about 32  m³/h. With a construction period of eight 
months, this results in an additional total volume of 
181,000 m³ which must be contained. 

4.2.3 Evaluation

An additional quantity of 181,000 m³ in the realization 
of the risk of the Pliocene trench makes it clear how 
great the risk can become. Here, there is not only the 
danger of severely undersized dewatering, but also of a 

Fig. 9: Grand Tower Groundwater Relief – risk combinations and their prob-
abilities of occurrence,  extraction volumes

Fig. 10: Grand Tower – risk profile of groundwater relief

Fig. 11: DB Tower – photo of the excavation pit Fig. 12: DB Tower – cross section of the excavation pit [7]

considerable increase in the costs for the discharge of 
these volumes of water.

The Pliocene trench is therefore a risk that can have 
far-reaching consequences and should be taken into ac-
count in construction projects in the Europaviertel. This 
risk can be limited by additional survey measures as well 
as dewatering concepts with additional capacity poten-
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mbH (VGF) is planned with a depth of up to 20 m. The 
Güterplatz project area with the two high-rise buildings 
is within the planning-approval area and is subject to a 
freeze on changes. The planning-approval decision for 
the light-rail station does not take the planned devel-
opment with the two high-rise buildings into account. 
Thus, the two high-rise buildings had to be planned in 
such a way that there would be no additional impacts 
on the planned Güterplatz station due to excavation pits 
and foundations. 

The challenges in the realisation of the Güterplatz 
construction project lie in the complexity of the execu-
tion of the up to 10.5 m deep excavation pit and in the 
combined pile-slab foundations of both high-rise build-
ings with foundation piles up to 42 m long, as well as 
in the required verifications with regard to possible im-
pacts on the Güterplatz station in the different project 
phases. Fig. 14 shows the excavation pit at Güterplatz 
and the planned excavation pit at the Güterplatz Station 
of the VGF to the north.

4.3.2  Verifications of Stability, Serviceability 
and the Effects on the light-rail Station

The verifications of stability and serviceability for the 
excavation-pit shoring and the foundation of both high-
rise buildings as well as for the effects on the neighbour-
ing Güterplatz station were performed using analytical 
and numerical calculations. The numerical simulations 
were carried out using two- and three-dimensional fi-
nite-element calculations with the Plaxis 2D/3D pro-
gram system. 

The creation of the numerical model (Fig. 15), the 
subsoil parameters and the calculation phases were 
agreed and selected in close cooperation with all the ex-
aminers involved. Fig. 16 shows a settlement plot of the 
serviceability analysis of ‘The Spin’.

The numerical investigations of the effects of the 
construction project Güterplatz on the planned Güter-
platz station were carried out by means of plate elements 
with upstream interface elements. Using these interface 
elements, it was possible to evaluate the normal stresses 
over the area. The effective normal stress distribution σ’N 
was evaluated. The load difference between the installa-
tion phase of the shoring wall and the total load phase 
G + Q + W – A was determined. This evaluation of the 
differential stresses showed that the effective normal 
stresses on the shoring wall of the Güterplatz station dif-
fer negligibly for the calculation phases primary stress 
state and application of the total load. 

4.3.3 Assessment

The realisation of the Güterplatz construction project 
has shown that ambitious construction projects in the 
inner city area directly next to areas that have been ap-
proved for planning are not always just a challenge of 
design and verification, but that a multifaceted coordi-
nation process must take place with the participation of 

Fig. 13: Güterplatz construction project –  
3D animation of the planned development

Fig. 14: Güterplatz construction project – site plan of the excavation pit [8]

tial if the risk occurs. Furthermore, when constructing 
the shoring in the excavation pit, particular attention 
should be paid to the presence of sandy layers around 
the bottom of the shoring, and the depth of the shoring 
wall should be adjusted if necessary. 

4.3  Güterplatz Construction Project – 
 Planning Approval 

4.3.1 Notes on the Project

The partial risk RA 8.2 of the design for later construc-
tion projects of the risk type of the planning-approval 
procedure was determined to have a scoring result of 20 
and will now be explained in more detail on the basis of 
the Güterplatz construction project. In this project, the 
Eden residential tower with a height of around 100 m, 
the hotel tower The Spin with a height of around 128 m 
and adjacent plinth buildings are being constructed on 
a total area of around 13,700 m² (Fig. 13).

Directly north of the Güterplatz project area, the 
U5 light-rail system has been approved. For this planned 
measure, a stiffened excavation pit at the Güterplatz sta-
tion of the Verkehrsgemeinschaft Frankfurt am Main 
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all third parties involved in planning, examination and 
approval, and with their examiners. 

Here too, the use of numerical studies made it pos-
sible to establish principles and prognoses which are es-
sential for the execution and for certain risks of the pro-
ject. The evaluation of the changes in the effective stresses 
on the shoring wall of the planned Güterplatz station in 
the Güterplatz construction project would not have been 
possible on the basis of analytical calculations alone. The 
additional use of numerical calculation results served as a 
basis for discussion in the coordination process and thus 
led to constructive solutions in the planning process. 

5 Conclusion

According to the definition of a geotechnical risk analy-
sis given above, a risk analysis consists of the following 
four components:

 
 ▶ Risk identification
 ▶ Risk assessment (analysis)
 ▶ Risk control
 ▶ Risk monitoring 

Risk identification is based on the example of the con-
struction projects in the Europaviertel, whereby refer-
ence is made exclusively to those risks that can be as-
signed to the subsoil risk or the system risk.

Due to the large number of identified risks, a risk cat-
alogue was drawn up which offers the possibility of bun-
dling, comparing, and evaluating all recorded risks in a 
table. This risk catalogue is a key document, as all four 
components of a risk analysis are shown to advantage. 

The individual risks are assessed using a scoring re-
sult as the product of the weighted values for the prob-
ability of occurrence and the impact of the risk. On the 
basis of this scoring result, further statements could be 
made about the relevance of certain risks. An identified 
risk with a high scoring result is therefore of particular 
relevance for the risk analysis of the Europaviertel and 
requires a high level of attention as well as the planning 
of measures to reduce the risk or minimise possible 
damage when the risk occurs. 

Using risk examples and associated risk-simulation 
calculations with the highest rated results, the knowl-
edge gained from the risk catalogue can be used to pre-
sent and explain understandable calculation and opti-
misation approaches for these risks. From the findings 
of such risk-simulation calculations, various measures 
listed in the risk catalogue can result which minimise 
the impact of the risk or, if the risk materialises, ensure 
the continuation of construction work. 

The preparation of a risk analysis for the Europaviertel 
project area gave a broad insight into the variety of risks as-
sociated with geotechnical issues in various construction 
projects. Since many of the identified risks can occur not 
only in the project area but also independently of the loca-
tion of the construction project, it is advisable to apply the 
risk catalogue to other construction projects and to adapt 

Fig. 16: Güterplatz construction project – settlement 
plot The Spin [8]

Fig. 15: Güterplatz construction project – numerical 
overall model [8]

it to these if appropriate. It is important to note that the 
probability of occurrence and the extent of damage should 
always be chosen in relation to the planned construction 
project and local conditions, and not be assumed to be the 
same as those of the Europaviertel project area. 

In future, more emphasis should again be placed on 
the use of risk analyses in geotechnics. Particularly in to-
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day’s world, where the planning and the execution of con-
struction projects is becoming more closely intertwined, 
time should be taken for a close examination of the risks 
associated with the construction project. Risk analyses 
not only make it possible to meet the planned costs, but 
also to ensure that the construction schedule is met. 

In the contractual relationship between contractor 
and client, a risk analysis can create a mutual under-
standing of responsibilities and tasks, and thus a good 
basis for cooperative and goal-oriented construction. 
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There is no chance to replace our networking, but 
one of the most important sources of knowledge 
transfer in these difficult times of the virus are we-
binars. Read about the ‘Digital Tunnel 4.0 Webinar’ 
on the 30 April 2020.  

Tunnelling • Webinar • BIM • Digitalization

‘Digital Tunnel 4.0 Webinar’ –  
The digital Twin is the Future
Dipl.-Ing. Roland Herr, International Freelance Journalist, Wetzlar, Germany/Bangkok, Thailand

The ‘Digital Tunnel 4.0 Webinar’ took place – from 
wherever in the world – on the 30 April 2020 focussing 
on digitalization and its added values in tunnel opera-
tion. Organised by Amberg Engineering AG and Am-
berg Technologies AG, Elkuch Group and Siemens AG, 
more than 350 (of 500 registered) participants from 
all over the world joined this one hour lasting webinar. 
The four companies (Fig.  1), representing the Tunnel 
Digitalization Center (TDC, together with SCAUT 
and HBI Haerter AG), gave an overview of how to use 
digital tools during the entire cycle in tunnel construc-
tion from the idea to the completed tunnel and further 
during the operation (Fig. 2). Starting with the design/
planning with BIM/CAD and the subsequent carcass 
and electromechanical equipment up to the operating 
phase and digital services. The interaction of the various 
partners can be demonstrated in real and virtual by us-
ing common use cases in the tunnel, the ‘digital twin in 
the Hagerbach Test Gallery’ in Flums, Switzerland. The 
topics of the webinar were divided into the Building In-
formation Modeling, Control & Training, Simulation 
and Cloud Center with detailed information.

Building Information Modeling Center

Veronika Petschen, Product Manager of Amberg En-
gineering, gave an overview of the benefits and added 
values of digital twins during the BIM process. With 
these digital copies, we can avoid planning errors by vir-
tual tour while still in the planning phase and collision 
check and also introduce changes in planning very ef-

Fig. 1: 
The speakers
Veronika Petschen,
Alzbeta Prokopova,
Thomas Kühnrich
and Jannick Dürst

Fig. 2: Overview of tunnel digitalization from idea to real tunnel and services

ficient. There is only one platform as an interface of 3D, 
BIM and all technical models for the central coordina-
tion for all project participants. The digital twin enables 
reduced project durations and faster planning processes 
with parametric models. She explained, how to create 
digital twins e. g. by parametric design for new con-
structions, modelling geology and rapid engineering. 
The opportunities are huge. Based on the digital twin, it 
is possible to scan the surface of the construction and to 
create a mesh to build up the real situation. Every part 
of the construction can be integrated into the geological 
model. Similar parts of the construction can be inserted 
just by copy and paste, speeding up engineering. Simu-
lations of every kind of situation are much easier to do 
with a digital twin.

Alzbeta Prokopova, Product Manager of Amberg 
Technologies, explained how to digitalize the infra-
structure and ‘to be on-site with a mouseclick’. First of 
all, there should be done a capture of the assets by mo-
bile mapping with 360-degree images, 3D point cloud 
or airborne mapping to scan the terrain. For the exam-
ple of a railway or a tunnel, 3D asset inventory, rail track 
parameters and overhead wire detection would be done 
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 ▶ Expensive maintenance costs
 ▶ Missing or lost data, complicated data structure
 ▶ Portfolio and asset management problems due to 

data management
 ▶ Long-term management of large “dynamic” data 

volumes
 ▶ Old structures with irregular geometry

By using a central model – the digital twin with all rel-
evant information – the user gets comprehensive digital 
documentation of the existing and the planned tunnel. 
The 3D presentation of the structure enables simple and 
intuitive acquisition of infrastructure information and 
all data is linked via standardised interfaces. Automatic 
or semi-automatic edge detection for model making is 
possible.

To build-up a Retro-BIM model, there is a lot 
of typical information necessary: greyscale pictures, 
photo documentation, clearance profiles, clearance 
profile analysis, convergence measures, surveying data, 
inspection data, geology, groundwater analysis, link to 
the maintenance plans, information about the railway 
installations. All this very comprehensive data informa-
tion from different disciplines, other BIM models and 
also sensor information must be connected and linked 
to the digital twin to receive a complete overview of all 
information and data on one screen. Static and dynamic 
real-time information can be also integrated. Very use-
ful is also an inspection cloud system. This cloud-based 
system works with Amberg GRP/IMS 5000 and third-
party data. Digital tunnel inspection which compares 
periodically inspections is possible and allows a clas-
sification of the entire infrastructure. The application 
works offline, uses artificial intelligence for a semi-auto-
matic phenomena detection and is open for third-party 
cloud applications. The advantages of a digital twin for 
operation are:

 ▶ Cost-savings with shorter or no blocking periods, 
just-in-time intervention

 ▶ Trouble-free operation of the tunnel
 ▶ Rapid problem-oriented data retrieval
 ▶ Transparency, facilitated communication
 ▶ Visualisation of static and dynamic information
 ▶ Digital twin as a basis for other specific models

with different scanning systems. With the laser-scanned 
images it is possible to create a model of the situation 
and then, during or after construction, to connect the 
model with the reality. It is now very easy to check the 
layer thickness of sprayed concrete or fix problems be-
cause the results of the scans are directly present and not 
only after some hours of processing. The documentation 
of the status quo is also possible. The options of using 
BIM to the field and vice versa are huge.

Jannick Dürst, Business Development Elkuch 
Group, explained the advantages of a digital twin on 
the example of door systems for tunnels. To develop and 
manufacture technically high-quality door and gate sys-
tems, it is time and cost-saving to use BIM. The designed 
prototypes of door systems up to prefabricated wall ele-
ments are built and tested in the test gallery Hagerbach 
with BIM installation and allow smooth processes. Es-
pecially door, lighting or ventilation systems are much 
easier to design and to install then without BIM. Also, 
the installation of highly complex door systems is much 
easier to execute than without the digital solutions. 
During construction, about 80 % installation time can 
be saved. All important data can be checked via sensors 
during operation and maintenance times are not only 
shorter but easier to plan. 

Control and Training Center

Thomas Kühnrich, Marketing Manager Digital Tunnel 
and Automation of Siemens, presented the control and 
training center and how complex infrastructure is tested 
before construction. First of all, the computer hardware 
will be validated and checked virtually, before the ‘go 
live’ of the real tunnel. All components like control-
lers, HMI and control systems are checked with basic 
function tests. Additionally, virtual advanced controller 
code tests can be done – with the ventilation behaviour 
model from HBI. This provides real test scenarios like 
fire or evacuation and the automation hardware can be 
proven under very realistic circumstances. Also, opera-
tor trainings are offered on a very early stage with the 
digital twin and the tunnel control software (WinCC 
OA). The benefits are:

 ▶ Reduced commissioning time
 ▶ Reduced costs for fire tests
 ▶ Operator training 
 ▶ Faster tunnel openings

Cloud Center

Veronika Petschen gave an overview of the advantages 
for the operation of a tunnel by using the digital twin 
with a cloud center. The general framework of the exist-
ing tunnel is very often difficult:

 ▶ Maintenance during operation, operation of the 
tunnel must be guaranteed at all times

Dipl.-Ing. Roland Herr
International Freelance Journalist, Wetzlar,  
Germany/Bangkok, Thailand
Contact: herrroland@t-online.de

More information:
https://www.scaut-association.com/en/Our-
Projects/Category/Tunnel-Digitalization-Center/
Tunnel-Digitalization-Center 
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The Corona pandemic has resulted in shutdowns 
in many countries and brought in a significant 
economic downturn. This article assesses the im-
pact on the global mining industry at the time of 
writing early June 2020.
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The Impact of Covid-19  
on the Global Mining Industry
Dr.-Ing. Frank Leschhorn, Munich, Germany / Brisbane, Australia

The Covid-19 outbreak has developed into a global 
crisis with an immense impact on the economies of the 
world. In early July 2020, more than 10 million people 
had contracted the virus, with the death toll reaching 
nearly 350,000, according to data compiled by Johns 
Hopkins University. The pandemic had resulted in 
shutdowns in many countries, with its leaders impos-
ing draconian measures on the daily lives of billions of 
people. The stringent restrictions, which have brought 
world travel almost to a standstill, are expected to result 
in the worst economic downturn since the Great De-
pression of the 1930s. The World Trade Organization 
predicts that global GDP will contract by as much as 
9 % this year with the high probability of nothing better 
than a wide U-shaped recovery.

Many experts expect more to come, especially in 
the developing world. Social-distancing policies appear 
to have slowed the transmission of the virus in most of 
the highly-developed economies but the epidemic has 
already dramatically damaged economies and interna-
tional trading. Different approaches have been used in 
countries that have developed their own specific strate-
gies as a function of the economic power they can rely 
on while the big global policy organisations have been 
uncertain and have displayed a lack of competence. 

Moreover, the worsening relationship between 
China and other countries, especially with the US and 
Australia is threatening global trade and supply chains. 
This has added to the already unique mix of challenges 
across the business communities. After a shortage of 
some critical goods in the ΄free world΄ action will now 
be needed to ensure that future supply chains are made 
stable and safe. China’s market dominance is widely seen 
as critical and especially the US have started to acceler-
ate measures to reduce these dependencies.

General Effects of Covid-19 on the 
 Minerals Industry

The epidemic has caused major implications for the sup-
ply chains in the global minerals markets, though these 
have differed widely from country to country as a func-
tion of their specific social and business environments. 
The special nature of the mining industry and its rela-
tive isolation from centres of population had the general 
advantage of lower infection risks compared with other 
sectors. Some mines were shut down when the corona 
virus was found on site, but there were also many cases 
where operations continued in production, even at 

normal capacity. Some countries compelled all mining 
operations and metal smelters to close, especially in the 
Americas and South Africa. It seems that the Australian 
mines have been least affected and iron ore production 
in particular has continued almost at its normal pace 
while shipping movements to China even increased. 

Around 1,600 mining projects were quickly put on 
hold worldwide in early April 2020, this then falling to 
729 by the end of the month. South Africa (54), USA 
(42), Mexico (29), Canada (28) and many south Ameri-
can countries suspended most of their mining activities. 
Many of the forced shutdowns ended during May, the 
last country to do so is Mexico, still being at inprogress. 
However, Latin America and Africa are not yet over the 
pandemic and more pain has already returned back.

In terms of commodities the mining operations af-
fected were as follows: gold (116), silver (100), copper 
(51), zinc (24), palladium (12), iron ore (5) and lithium 
(2). The mining industry has already lost € 6.3 billion 
worth of production because of the pandemic and as a 
result of the market reaction, and with future prospects 
looking bleak, most mining companies have reduced in-
vestment and altered their business plans for the current 
year.

Some energy and materials supply chains were 
severely impacted and suffered from transportation 
blockages and delays. Air freight costs are reported to 
have risen six-fold. 

The impact on exploration has been significant. 
Global spending on nonferrous metals had already 
fallen by 3 % to US$ 9.3 billion in 2019 and on top of 
this S&P Global Market Intelligence expects a strong 
decline of 29 % in 2020, the lowest such figure for years. 
The largest budget cut has been in copper (US$ 935 mil-
lion) (Fig. 1). 

Events in China are once more of paramount im-
portance. The mining sector, with some exceptions, 
seems to be remarkably resilient in the face of a fairly 
catastrophic economic backdrop. This is in marked con-
trast to previous economic cycles, where mining valua-
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rent  price levels. However, things have generally been 
different in the underground mining industry and many 
workers, aware of the danger, have resisted to enter the 
mines without adequate protective gear. Some workers 
literally feared being treated like ‘canaries’ in coal mines 
where social distancing is nearly impossible and have 
complained that companies are putting them at risk by 
not divulging coronavirus cases. Reports of infections 
and insufficient information have caused unions to file 
legal actions against restart plans. This kind of reaction 
highlights the lack of health and safety equipment and 
the inadequate information policies, especially in devel-
oping countries. 

In South Africa, a number of new basic regulations 
were introduced, including a 20-passenger restric-
tion on buses carrying workers to the mine sites. Un-
derground mines are limiting the number of persons 
entering in the cages and health screening before en-
tering the mine was been ordered. The South African 
Association of Mineworkers and Construction Union 
(AMCU), which represents more than 250,000 miners 
demanded national safety standards, including nation-
wide sanitisation procedures and minimum standards 
for protective gear, not being introduced before. Resist-
ance to mining restarts has also spread to Chile, US and 
other countries, where mine workers are making similar 
demands.

Responsible companies, such as the Australian iron 
ore producers, have organised special mental health and 
well-being actions. Rio Tinto and BHP were calling on 
workers to spend weeks on site, rather than rotate home 
and potentially be exposed to the virus in other com-
munities. Vale is using thermal cameras to scan the body 
temperatures of workers at their mines while Barrick 
Gold is providing antibody testing kits. ArcelorMittal 
said all operations staff in the US are deemed essential, 

Fig. 1: Global exploration spending 2019 vs. 2020
Source: S&P Global Market Intelligence, FL

tions tended to be more geared to changes in global eco-
nomic activity. The recent rally has been driven by more 
positive economic approach to the Chinese economy 
and its actions to crank things up. Industrial produc-
tion in China was up 3.9 % y-o-y (year on year) in April 
compared with a 13.5 % contraction in February. Other 
factors of benefit to the industry include lower fuel in-
put prices, exchange rate movements and cuts in inter-
est rates. It is also the case that as the sector entered the 
downturn, metals prices and industry multiples were al-
ready at relatively modest levels after performing badly 
in 2019. In contrast to China, US industrial production 
was down 15 % y-o-y in April. Italian output, for exam-
ple, fell more than 29 % y-o-y in March, highlighting the 
scale of a further downside risk. Clearly the number of 
Covid-19 cases globally has not yet reached its peak and 
rising rates of unemployment have led to lower expecta-
tions for any quick return to ‘normal’. While industrial 
output has been rising again in China, this can only be 
sustained if final demand also recovers. However, retail 
sales in the country were still down 9.1 % y-o-y in April. 
China’s industrial recovery is also dependent on an un-
interrupted trade in minerals and sustainable mineral 
supplies from South America and Africa could in par-
ticular become an issue. 

Operational Issues in  
the Mining Industry

Most mining companies running large operations did 
not need to halt production amid the pandemic be-
cause social distancing measures can easily be organised. 
Many large mines were considered ‘essential economic 
activity’ by governments and were therefore protected. 
In the gold mining sector in particular lockdowns were 
avoided because of the high profits being made at cur-
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but employees who test positive for Covid-19 and go 
into quarantine would be eligible for benefits. At the 
start of the crisis, the US did not require miners to re-
port the number of employees testing positive for the 
virus. This turned out badly. At Chile’s Codelco, the 
world’s largest copper miner, the body temperature of 
the workers is being tested during the daily bus rides to 
the mine. The main safety issue is the problem of the 
commuting workforce and contractors. When these 
shift schedules were originally designed no attention 
was paid to the potential for cross-contamination. Now 
there is a real need to keep people apart as much as pos-
sible. Production shifts have been extended and overlap 
handovers have been reduced. Some communities are 
reluctant to have people travel to the mine sites and 
then return home because the settlements do not have 
the capacity to respond if workers are infected with the 
virus. Fly-in-/fly-out rosters were stopped while on-site 
accommodation was preferred with longer on-times. 

Covid-19 Effects in the main Mining 
Countries

South Africa and some Latin American countries ex-
perienced huge problems in dealing with the problems 
arising from cases of Covid-19. Lockdowns in Chile 
and Peru, which account for over 40 % of global out-
put, have had a particular impact on the copper market. 
Some mines have been leaving the workers without pay-
ments or further support. As many nations have started 
to open up their economies again since the end of April, 
countries in Latin America, Africa and Asia are bracing 
themselves for worse to come.

Australia

Australia has responded extremely well to the Covid-19 
crisis, and has generally managed to keep infections 
under control, apart from at some underground opera-
tions, such as the Panoramic Resources’ nickel-copper-
cobalt mine in WA and some longwall coal mines in 
NSW and QLD. China accounts for almost 30 % of 
Australia’s total exports, iron ore being the main driver. 
Since the outbreak of the coronavirus epidemic severe 
problems in Brazil expecially have kept rising the iron 
ore exports, giving Australia big windfall profits.

Chile

Chile, the world’s largest copper producer, has already  
suffered a 250,000 t loss of 2020 production to 5.6 Mt 
despite limited impact of the virus. But diminishing 
demand created oversupply and a strong fall of copper 
prices with consequences on all development plans.  
As a result of diminishing demand the pandemic soon 
caused a sudden fall in copper prices and this quickly 
impacted on all developing plans. Each fall of one cent 
in the price of a pound of copper, means that the Chile-
an Government loses US$ 60 million of budget income.

Peru

The mines in Peru, the world’s second largest copper 
miner and an important gold producer, were scaled 
back sharply to less than 40 % capacity during a nation-
wide lockdown that commenced in mid-March. This 
reduced the 2020 production figure by 15 % at a loss 
of nearly US$ 5 billion. The crisis has affected some 39 
operations being run by 22 large mining companies. 
In the month of April lead and zinc production fell by 
more than 80 %, silver by 74 %, gold by 54 %, copper by 
35 % and molybdenum by 11 %. The export earnings 
of Peru’s operating companies, which include the major 
global miners, normally account for 60 % of the coun-
try’s exports. These declined by about 75 % in April to 
US$ 1.6  billion and this will cut full-year export rev-
enues by 15 to 20 %, harming about 1.5 million fami-
lies that depend on the mining business. Around 20 
open-pit and underground mines are now set to restart 
operations, ramping up to around 80 % of normal pro-
duction in phase one by June. Phase two would see the 
second group of mining companies restarting activities, 
although many mines are still struggling to return to 
regular operation.

Ecuador

Ecuador allowed mining activities to resume in May 
after the stoppage that commenced on 25 March. This 
restored 33,000 jobs directly and about 100,000 posi-
tions indirectly. While smaller mines in the south have 
already started to move products to port, larger mines, 
such as Fruta del Norte (gold) and Mirador (copper) 
will only gradually resume operations.

Mexico

Mexico accounts for nearly 23 % of global silver pro-
duction. It also has major copper and zinc mines and 
produces a significant amount of gold, all making the 
mining sector responsible for about 4 % of the nation’s 
GDP. The shutdown of the country’s mines caused a 
loss of 600,000 jobs in April alone. This was the larg-
est monthly decline in employment in Mexico’s history. 
The country was set to fully resume mining on 18 May 
but new cases have prolonged the quarantine period for 
a June restart only.

South Africa

The mining industry in South Africa contributes about 
8 % of GDP. It employs a workforce of around 450,000, 
each employee supporting at least 10 dependents. 
South Africa produces 75 % of the world’s platinum 
and about 40 % of the palladium. It is also the world’s 
largest producer of manganese and chromium ores. Its 
labour-intensive mines require 75 to 80 % of capacity 
to run viably. South Africa’s mining industry was shut 
down when more than 17,000 cases of coronavirus were 
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Covid-19 and the current Situation in the 
Minerals Markets

After the Covid-19 restrictions in China were lifted and 
industrial activities started up again mining companies 
with global operations were again able to see significant 
improvements in market conditions. This kind of mo-
mentum also occurred after the 2008-09 financial crisis 
when global GDP growth accelerated in 2010 and cre-
ated an unprecedented demand for minerals. Some ana-
lysts are suggesting that something similar could happen 
again in a post Covid-19 recovery scenario. Historical 
relationships suggest a 7 to 10 % reduction in the use of 
metals such as copper, zinc and aluminium in the event 
of a 3 % contraction of global GDP. A potential upward 
swing of as much as 9 % between 2020 and 2021 should 
stimulate a record increase in metal demand. Increases 
of 10 to 15 % in metal usage have been experienced in 
the past in connection with unusual surges in economic 
activity. 

Other industry watchers are predicting a different 
type of recovery because of major permanent changes 
occurring certain sectors such as energy and transport. 
Compared to other metals cobalt has seen its price lev-
els remain fairly resilient and the remaining producers 
have escaped the pandemic relatively unscathed in re-
cent months. However, much of this can be attributed 
to disruptions in production at several key mines in the 
DRC, Canada and the Philippines projects, which re-
moved significant volume of metal supply from the mar-
ket. One factor that will definitely impact on the metal 
markets is the disruption caused to the automotive and 
aerospace industries which are now fighting for survival. 
Reduced EV demand, grounded airplane fleets and fall-
ing energy consumption will have a significant impact 
on the demand for a range of metals used in batteries, 
high-performance turbines and regenerative energy 
technologies. 

Market prices have reacted differently from com-
modity to commodity and while some countries will 
recover quickly others will experience considerable 
delays. Major mining houses are generally better posi-
tioned to weather the economic problems, while smaller 
players could find themselves adrift as their capital dries 
up during the shutdown. One side-effect is that the low 
oil price combined with weak local currencies will help 
mining industries based in developing countries.

From a stock market perspective mining shares have 
remained quite strong in comparison with those held 
from other sectors. Each commodity and every country 
has a different story to tell. China’s demand for import-
ed commodities has stayed resilient, with April volumes 
rising despite economic growth remaining subdued. 
Weaker prices have encouraged stockpiling of minerals 
amid optimism around a continued economic revival in 
the largest Asian economy. The picture is less optimistic 
when it comes to India where – despite the small share 
of global commodity consumption – certain commodi-
ties will struggle to rebound because of the weakening 

reported, resulting in 312 deaths. This national lock-
down has resulted in a disaster for the industry and has 
resulted in a massive loss of production. It has also seen 
of global platinum output fall by some 20 % . The min-
ing companies have been pushing for a restart, claiming 
that 10 % of the industry’s workforce could otherwise 
lose their jobs, which would threaten 15 % of the in-
dustry’s output. After seven weeks of shutdown, opera-
tions were allowed to scale up to 50 % of the normal 
workforce, though this was only possible by following 
strict safety guidelines after April. Impala Platinum then 
quickly announced that it was closing its Marula mine 
again after detecting 19 coronavirus cases among work-
ers who had returned back from their homes for duty. 
New guidelines, including disinfection, screening and 
testing measures were introduced on 19 May 2020 after 
the number of cases at mines throughout the country 
had almost doubled. Employers were declared respon-
sible and any failure to take action was to constitute a 
criminal offence, though no penalties were specified. 
As the country entered ‘level four’ restrictions, open-
cast mines were allowed to resume operations again at 
100 % capacity while deep mines were to remain at 50 % 
workload. All mines were then allowed to fully reopen 
in June, though it will probably take about a month to 
return to total plant utilisation. The production figures 
for 2020 are expected to be about 3 % down and with 
the South African economy already in a crisis prior to 
the Covid-19 outbreak the country now finds itself in 
a deep economic recession. An open and candid discus-
sion is now urgently needed about structural reforms 
to improve the mining sector and the outlook for the 
overall economy. It is possible that virus flare-ups will 
again temporarily suspend individual gold, platinum 
and chrome operations, eroding their profitability. 
With personal transport to the mines usual beginning 
very early, it takes four to five hours to get tens of thou-
sands of workers underground as screenings and other 
health protocols slow the start of the morning shift. 
Even in a perfect situation – with all the workers safely 
back at work, many of them returning from surround-
ing countries, and given the precautionary measures un-
der which the mines now operate – some experts doubt 
that there will be a return to full operational efficiency 
any time soon.

Indonesia

In Indonesia, Freeport-McMoRan, which runs the giant 
Grasberg mine, now has to cope with numerous mul-
tiple coronavirus infections in the mineworkers’ living 
quarters, with three deaths so far. The aim is to ensure 
that the workers at the world’s biggest gold mine and 
second-biggest copper mine can maintain social dis-
tancing and avoid any further spread of the virus, which 
has already infected 17,514 people and killed 1,148 
throughout the country. The pandemic has not yet had 
an impact on production figures at the mine, which em-
ploys  about 25,000 people.
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economy, and this situation will be aggravated by the 
rising number of corona cases in the country. 

With the exception of gold, palladium and thermal 
coal, all major commodities suffered significant a fall in 
market prices in April 2020 (Fig. 2). At the same time, 
the iron ore price has passed the US$ 100/t mark as 
strong Chinese demand meets with huge supply issues 
from Brazil.

Copper

Copper, which is primarily used in construction and 
electronics manufacturing, is considered an economic 
indicator that can predict turning points in the global 
economy. Hence the name ‘Doctor Copper’. The LME 
(London Metal Exchange) price started the year with a 
high of US$ 6,340/t. It then fell to US$ 4,600/t in late 
March as the pandemic spread throughout the world. 
Chinese demand dropped by 22 % in the first quarter 
of 2020 while corresponding demand in the rest of the 
world fell by around 12 %. Triggered by the steep down-
fall in the Chinese economy the price reached its lowest 
on 19 May when the LME price was set at US$ 4,371/t. 
The price subsequently climbed to around US$ 5,500/t 
in early June, though with some ups and downs along the 
way. For China and the rest of the world, the year 2020 
will represent the biggest downturn since the 1970s and 
China’s first year of negative growth since 2006. CRU 
has lowered its global 2020 demand forecast by 1.8 mil-
lion  t to 22  Mt, with China expected to account for 
800,000 t and the rest of the world the remaining 1 Mt. 
Most analysts expect demand to recover in 2021 when 
global growth may reach more than 4 %. However, the 
effects of the pandemic are predicted to be long-lasting, 
and CRU is not expecting copper consumption to re-
turn to previous levels any time before 2024. On the 
supply side, more than 330,000 t of copper have been 
affected by Covid-related cutbacks, while a further 
159,000 t have been impacted by price-related reasons. 
CRU sees close to 700,000 t being under threat because 
global production could exceed demand by 400,000 t in 
2020. This oversupply is forecasted to fall to 180,000 t 
in 2021/2022 and further reducing to 118,000  t in 
2023 which will improve the fundamentals. 

The future price of the red metal which currently 
stands at above US$ 5,800/t, but still below the high 
in mid-January, could reach US$ 6,600/t by 2024, 
though this is still down on the previous forecast of 
US$ 7,150/t. However, this price would be too low to 
incentivise new production. 

Unlike gold, which is considered a safe-haven asset, 
copper continues to be largely ruled by laws of supply 
and demand. The copper smelting industry is currently 
facing a perfect storm: revenue streams are at a low level 
and the availability of raw materials, both concentrates 
and scrap, is rapidly declining. Smelters have been par-
ticularly impacted by the lockdown at Peruvian mines, 
which are a major supplier of concentrate to China. 
The upcoming surplus in the market is set to be a ma-

Fig. 2: Price changes for selected commodities due to Covid-19
Source: S&P Global Market Intelligence, FL

jor headwind for China’s important copper sector, since 
much of the copper metal goes into products that are 
exported to (now) falling markets. An army of Chinese 
retail-investors, for whom copper has been a long-time 
favourite, may already have lost billions of dollars. Pro-
gress has been halted at 23 mines under construction 
around the world and further delays are anticipated in 
the commissioning of these major projects, a fact that 
will certainly affect future supplies. 

Gold

With its safe-haven appeal, gold has seen price levels rise 
by 20 % since mid-March to about 1,800 US$/oz. This 
has proved to be a major boost for mining companies 
with gold as a main product but has also benefited by-
product producers. Again, some analysts are predict-
ing that the gold price will reach US$ 3,000/oz this 
year. No other event in modern history has disrupted 
the supply of gold more than the Covid-19 pandemic. 
Mining operations were curtailed nearly everywhere, 
but especially in China, South Africa and Peru, result-
ing in a 4 % year-on-year slide to the lowest production 
rate since 2015. Recycling operations, which typically 
generate 25 to 30 % of global gold supply, were also af-
fected while the physical transportation of gold has also 
been a challenge due to fewer commercial flights being 
made. Global gold production which was flat at 3,300 t 
in 2018 and 2019, could still peak at 3,370 t in 2020-21 
(McKinsey) with a 0.4 % contraction through 2023. It 
is predicted that this will be followed by a 4.7 % annual 
decline through 2028 to 2,500 t/a as a result of several 
mines reaching the end of their operating life.

Silver

Global silver production has been severely hit by 
worldwide coronavirus lockdown restrictions at more 
than 700 mines, particularly in the main producer 
countries Mexico and Peru. According to market re-
searcher GlobalData, around two-thirds of the world’s 
silver production has been put on hold as a result of 
the crisis, causing the price to rise above US$ 17/oz on 
18 May.
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EV subsidies by about half in June 2019 this industry 
and its associated battery market went into turmoil. The 
market responded almost immediately with a 56.4 % fall 
in EV and hybrid car sales in the first quarter of 2020. In 
Europe EV purchases were even harder hit and sales fell 
by 90 % in April. This was accompanied by a 22 % fall in 
smart phone purchases, resulting in a marked decline in 
the demand for Li-ion battery cells. Now, with new in-
centives, including an extension of tax exemptions and 
subsidies, the Chinese Government is trying to boost 
EV sales again for the remainder of 2020 and 2021. 
With an 80 % market share China is the leading suppli-
er of refined battery minerals, such as lithium, graphite 
and cobalt (Fig. 3). It’s cell industry is now facing real 
decline in purchasing at a time of accelerating in-flows 
of battery minerals. In a worst-case scenario for 2020, 
the mining industry consultants Roskill are predicting 
that global EV sales could fall to about 1.8 million units, 
down from 2.3  million in 2019. China’s EV and LIB 
(lithium-ion battery) sectors are currently witnessing a 
patchy recovery from the shutdowns at the same time 
are affected by a weakening domestic and international 
demand. South Korea’s SK Innovation has cut its fore-
cast for rechargeable battery sales for this year by 10 %. 
With the coronavirus outbreak forcing temporary fac-
tory closures and affecting economies around the world, 
companies that use batteries in their products are being 
forced to make volume adjustments. Rival LG Chem 
said its battery sales will be about 10 to 15 % short of 
its 2020 forecast. In April, China’s production of nickel-
cobalt-aluminium/nickel-cobalt-manganese (NCA/
NCM) ternary precursors was down by 16 % from a 
year ago and corresponding battery materials input fell 
24 %, though both sets of figures have been rising since 
March. There is optimism that the impact will not be 
long-term and Bloomberg is predicting that global EV 
battery demand will even grow 14-fold by 2030 (Fig. 4).

Nickel

Nickel was always a volatile metal with extreme price 
moves that have tested the patience of investors for 
years. Five years ago the price was at US$ 7,714/t be-
fore starting an erratic rise to US$ 17,637 in 2019. Un-
til May 2020 it had fallen from about US$ 14,000/t to 
12,260/t. With prices traditionally being dependent on 
demand from the metal and steel industry the market 
was given a fresh impetus with the use of battery cells 
in EVs. Sales are unlikely to climb much higher until 
there are clearer developments in Chinese stainless-steel 
production and in the electric car revolution following 
the Covid-19 shock. According to CITI, the corona in-
duced supply downturn of 1.5 % will crash into a 6.5 % 
fall in demand this year. Nickel prices have a major 
impact on future supplies of laterite ore resources, the 
latter needing a break-even price of about US$ 8,800/t 
and have to reach US$ 12,800/t if the miner is to make 
a profit (e. g. Ravensthorpe project in WA). High-grade 
sulphide nickel ores are the preferred resources and 

Platinum and Palladium

While the platinum price has risen to US$ 860/oz be-
fore the pandemic, the price of palladium reached an 
all-time high of US$ 2,800/oz. With falling demand of 
catalysts in the automotive industry the palladium price 
will sharply fall to below US$ 2,000/oz and platinum 
may remain at about US$ 1,000/oz. .

Minerals for EVs and Batteries

Producers of battery minerals continue to assert that 
the future is bright for EVs (electric vehicles) and that 
the Covid-19 event could prove beneficial for compa-
nies supporting a greener environment. Many people 
and governments believe that the cleaner skies seen 
during the lockdown can be maintained. But while in 
the US the switch from polluting internal combustion 
engines to EVs may be seen as a more of a  challenged, 
good growth potential is expected in China and Eu-
rope. The EV industry is also an important pillar of the 
Communist Party’s controversial ‘Made in China 2025’ 
programme that is aiming at global domination of the 
high-tech sector. When the Chinese Government cut 

Fig. 4: The change in demand for battery minerals, with nickel rising to first 
place
Source: BloombergNEF, FL

Fig. 3: China’s share in the Li-ion battery (LIB) supply 
chain
Source: Benchmark Mineral Intelligence, FL
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these are becoming increasingly rare, though several 
new discoveries have recently been reported. Political 
events in Indonesia and the Philippines are creating 
additional dynamics. The focus is now on assessing the 
scale of the supply shock to follow as national lock-
downs force mines to curtail operations while low prices 
are also driving some higher-cost operators out of the 
market. A 2020 average nickel price of US$ 12,600/t is 
predicted down from the 2019 average of US$ 13,900/t 
with a tendency to improve in the next years. At pre-
sent the market balance is taken to be at a surplus of 
130,000 t within a wide band of estimates ranging from 
90,000 to 150,000 t. While NPI (nickel pig iron) is the 
most commonly traded enriched product for the steel 
industry, HPN (high purity nickel) is the commodity 
needed for the production of battery cells. Nickel pro-
duction is expected to decrease by 1 % y-o-y mainly due 
to the decline in Chinese NPI output, though nickel 
demand overall may drop by 7 % y-o-y. Macquarie Bank 
therefore estimates these market-related cuts at about 
80,000 t, compared with virus-related losses of 91,000 t. 
The combined impact of this amounts to about 6 % of 
last year’s global mine supply of 2.7 Mt, with Indonesia 
being the largest producer at 800,000 t followed by the 
Philippines at 420,000 t. 

Lithium

The market for lithium was already in oversupply long 
before Covid-19 and the pandemic has now made 
things worse for the producers, although the dominant 
sources of production – namely opencast mines in Aus-
tralia and brine pools in Chile – have not been affected 
by any health issues (Fig. 5). Most of the concentrate, in 
the form of spodumene (Li-Al-silicate), lithium carbon-

ate or lithium hydroxide, ends up in China where nearly 
90 % of this raw material undergoes further processing. 
The volume of lithium concentrate currently stockpiled 
in China represents a six months demand. This ava-
lanche of lithium supply has now created a huge asset 
shakeup amongst the global producers, many of whom 
rushed into the market when prices were sky high. 
Prices (battery grade Li-carbonate min 99 % purity) 
subsequently fell from more than US$ 11,000/t in April 
to below US$ 7,000/t in May 2020. Given a further 
price decline the day of reckoning is approaching fast. 
The financially troubled Chinese lithium giant Tianqi 
(with debts of US$ 6 billion) is reported to be planning 
the sale of assets in Australia acquired during the boom 
years. Top of the sales agenda here is a 51 % slice of the 
Talison Lithium  JV that owns the Greenbushes mine 
in the southwest of WA. Arguably the largest lithium 
mine in the world, this operation is also 49 % owned by 
the US based Albemarle Corporation, a company that 
is already easing capital spending in a difficult market 
environment. Albemarle is now considering a possible 
acquisition of Tianqi’s stake in this hard-rock lithium 
venture. Albemarle also owns the world’s largest lithium 
brine production in Chile’s Atacama desert and this ad-
dition would further cement its position as the leader in 
the global lithium market. Tianqi also has other lithium 
assets in Australia and is a stakeholder of Chile’s SQM, 
the world’s second-largest producer. SQM has recently 
put all its expansion plans on the back burner. Tianqi’s 
Chinese rival Ganfeng Lithium is facing a fall in profits 
of nearly 100 % y-o-y for the first quarter of 2020 and has 
cancelled all expansion plans, while Canadian Nemaska 
Corp. has already filed for bankruptcy protection. It is 
still unclear who will win this great M&A (mergers & 
acquisition) game of chess, with players from Australia, 

Fig. 5: Share of the lithium supply chain by country in 2017
Source:  Australian Association of Mining & Exploration, 2017



40 Mining

GeoResources Journal 2 | 2020 Leschhorn:
The Impact of Covid-19 on the  Global Mining Industrywww.georesources.net

Graphite

Graphite demand has recently experienced growth, 
underpinned by an upward trend in the lithium-ion 
battery market. The steel industry, the largest user of 
graphite, has been quite weak for a number of years 
prior to Covid-19 and now faces a further decline as a 
result of the pandemic, unless the Chinese government 
initiates major new infrastructure investment. On the 
supply side, China is the largest producer of both natu-
ral and synthetic graphite and the only commercial scale 
producer of downstream spherical graphite. This is pro-
cessed from natural flake graphite, specifically for use in 
lithium-ion battery anodes. Chinese mines and plants 
have been coming back on stream since March and are 
now increasing production, hoping to reach normal lev-
els in line with the availability of staff as they return to 
work. Full recovery in synthetic graphite is likely to lag 
natural graphite because of the long production times 
of up to six months. Other major producers of natural 
flake graphite in Brazil and India appear to have suffered 
limited damage so far, but there is still uncertainty how 
the Covid-19 scenario will develop across these coun-
tries. This also applies to emerging African producers in 
Madagascar, Mozambique, Namibia and Tanzania.

Since graphite has the largest share of the demand 
for battery materials the growth of the EV sector will 
determine the market for high-purity graphite. China 
has been continually building graphite anode mega-
factories to meet the inevitable future demand (Fig. 6). 
The World Bank expects this to increase by 500 % by 
the year 2050, when production should reach about 
4.5  Mt/a representing a cumulative figure of some 
68 Mt. The price for natural large flake graphite (94 to 
97 % C) peaked in 2011 at US$ 2,500/t and has since 
fallen to about US$ 750. 

Manganese

The manganese market has been particularly hard hit 
by Covid-19 and prices have bounced following the 
shutdown of most South African mines, where the best 
manganese is produced. This sparked concern among 
steel makers just at the wrong time, especially as China 
undergoes a steel-making revival aimed at stimulating 
the economy. While the price of high-grade ore (mate-
rial grading 44 % manganese) rocketed up by 40 % to 
around US$ 7/t in late April, similar to the price of low-
grade ore (35 to 39 % manganese). However, it is un-
likely that such unusually high prices can be maintained 
when South Africa, the largest producer, revives its 
manganese industry and the transport bottlenecks are 
resolved. The question is whether the two other major 
producers Australia and Gabon will be in a position to 
expand production. Global ore prices are predicted to 
average at about US$ 4 to 57/t in 2021, with the poten-
tial to rise by 2022. Logistic problems in China could 
also drive up prices at the same time as the smelters in 
the Guangxi and Guizhou provinces are depleting their 

Canada, Chile, China and the US all involved but mat-
ters should be resolved before the Covid-19 crisis rolls 
away and the electric car race restarts. 

Cobalt

Cobalt has been affected by closures and scale backs 
at 21 operations worldwide, this already representing 
US$ 48  million of lost cobalt production in the year 
so far. Around 44 % of this reduction in supply is be-
ing attributed to Vale’s Canadian Voisey’s Bay opera-
tion, which is to stay offline for up to three months. 
In the DRC (Democratic Republic Congo) Glencore 
had already placed the huge Mutanda mine in ‘care and 
maintenance’ last year when cobalt prices collapsed 
from US$ 94,000/t in March 2018 to US$ 26,000/t 
in July 2019. The price has now climbed back to about 
US$ 30,000/t. In the DRC, the world’s top cobalt pro-
ducing country, logistics issues and border controls have 
proved to be the main problems, with the usual ship-
ping ports in South Africa being closed and the concen-
trates having to be diverted to Maputo in Mozambique 
or Dar-es-Salaam in Tanzania. There is no shortage in 
the 130,000 t/a market from which about 50 % is find-
ing its way into battery production. The market is well 
supplied and sizable volumes of intermediate stocks 
have built up in China. Chinese producer Chemaf has 
also recently halted its operations in the DRC. Roskill 
estimates that 15,000 to 20,000  t of cobalt-hydroxide 
being tied up at refineries and in ports, this equating to 
US$ 600 million of metal value, which represents about 
13 % of global mine output in 2019. The key questions 
are: can the Chinese refineries return to pre-corona 
production levels and will DRC mines and refineries 
experience any significant virus related impact on their 
output. 

In May a one-day strike at Tenke Fungurume, the 
second-largest cobalt mine in the world, was quickly 
settled when the Chinese owners (China Molybde-
num Comp.) agreed on a bonus payment after having 
ordered essential staff to stay isolated on-site for two 
months and forbidden them any personal contact with 
the outside world. 

Fig. 6: Annual minerals demand from energy  technologies in 2050
Source:  Worldbank, FL
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ore stockpiles. While the world market for electrolytic 
manganese-dioxide is 90 % dependent on China, the 
tightening supply situation currently makes it one of the 
top-performing commodities for investors.

The epidemic has highlighted the vulnerability of 
the metals and ferroalloys market, which is heavily re-
liant on physical interaction and contacts between the 
key supply chain partners. Ironically, the human fac-
tor has been the weak link in this case. The outdated 
practices of the current trading and supply system have 
proved to be less resilient to unforeseeable events of this 
kind. E-trading channels and integrated services, such as 
blockchain technologies with their instant and globally 
connected network, could offer a good transition and 
provide a better hedge against future crises.

Rare-earth Elements (REE)

Though it is not openly stated, the rare-earth elements 
(REE) market is a critical issue in the US-China trade 
war and in the light of coronavirus-induced lockdowns. 
The demand for rare-earth magnets is being driven 
mainly by electric vehicles, wind generators, medical 
devices, smart phones and aerospace and defence appli-
cations. This US$ 14 billion market is more than 60 % 
controlled by China and under the strategic ‘Made in 
China 2025’ programme, that country will continue to 
take part in a projected growth of 100 % until 2027.

When the US responded to the Covid-19 crisis by 
closing its borders and China shutdown its manufactur-
ing plants, REE imports to the US were practically cut 
off. Aware of their reliance on supplies from China, the 
US Government had already stepped up efforts to criti-
cal minerals from outside China before the virus crisis 
hit. The proposed ‘Onshoring Rare Earths Act’ is aimed 
at shifting supply chains, particularly in those industries 
that are critical for national defence, away from China 
and back to the US. REE production poses environ-
mental problems because of its acid-based separation 
and purification processes. China has been ignoring this 
factor and has to date been able to produce rare-earth 
minerals at an unbeatable cost simply by wiping out 
the competition. The only operational RE mine in the 
US is the MP Materials ‘Mountain Pass’ in California. 
After a mothballing period this mine, which ironically 
is 10% Chinese owned, is now back in production. In 
actual fact the US is not technically producing any rare-
earth oxides at all because everything that comes out of 
Mountain Pass is shipped to China.

In December 2019 USA Rare Earth announced 
that it was opening a pilot plant facility in Wheat 
Ridge, Colorado for the purpose of fully separating and 
purifying rare-earth and other tech metals and critical 
minerals, these had to be leached from ores produced 
at the ‘Round Top’ project. It will be the first processing 
facility outside China with the capacity to separate the 
full range of rare earths. However, the new commercial 
plant, which is to be located in Hudspeth County, Texas, 
will require about 30 months before it goes into produc-

tion. This facility, which is being built with JV partner 
Texas Mineral Resources with additional ‘funding from 
US Defense’, has been designed to produce 2,212 t/a of 
different REE at 99.99 % purity, using continuous ion 
exchange and chromatography technologies. It is not 
clear whether Covid-19 crisis has had any direct impact 
on REE supplies. One major non-Chinese producer is 
the Australian Lynas Corp. with its Mt. Weld mine and 
concentration plant. The complex currently produces 
21,000  t/a (one tenth of world output). The concen-
trate is shipped to the company’s own refinery in Malay-
sia for further processing to separate the different REEs.

Iron Ore

Global crude steel production increased by 3 % y-o-y 
in 2019 to 1,87 Mt. This highlighted the disparity be-
tween the growth in China (up 7.3 % to 996 Mt) and 
that of the rest of the world (down 1.5 %). China’s pro-
duction increase was due to the commissioning of new 
and larger blast furnaces and the replacement of moth-
balled facilities. The picture in other Asian countries 
was mixed, with India (+1.8 %), South Korea (–1.45 %) 
and Japan (–4.8 %). Steel production was impacted by 
slowing economies, trade frictions and geopolitics. In 
Europe EU production dropped by 5.1 %, led by Ger-
many (–6.5 %), France (–6.1 %), Poland (–10.8 %) and 
Spain (–5.2 %), while the rest of Europe also posted 
a sharp decline of 8.2 %, driven mainly by Turkey 
(–9.6 %). Steel production in the CIS (Commonwealth 
of Independent States) only fell by 0.5 %, with Russia 
showing a 0.7 % drop. Steel production has been more 
resilient in the US, increasing by 1.5 %, supported by 
tariffs and a stronger economy, while production fell 
in Canada (–4.9 %) and Mexico (–8 %). Steel output 
overall was 0.7 % down in North America, while Latin 
America also posted a drop in steel production of 6.5 %, 
led by Brazil (–9 %) and Argentina (–10 %).

Everything has changed since the Covid-19 crisis. 
The pandemic resulted in a sharp 13 % y-o-y decline of 
global steel production by April 2020 with big drops in 
India (–65.2 %), US (–32.5 %), Japan (–23.5 %) and 
EU (–22.9 %). The only exception was China where, 
with its customary successful response to crisis situa-
tions, the country reacted immediately with massive 
infrastructure spending, announcing US$ 9.8 trillion of 
new investment across the country. This was designed 
to boost domestic steel demand by 10 %. The resulting 
need for iron ore (62 %-Fe) raised its benchmark price 
to more than US$ 100/t in early May 2020. This has 
been the classic market reaction, with strong demand 
from the leading global importer (with a 70 % share 
in seaborne trade) meeting shrinking stockpiles and 
significant production shortfalls, especially in Brazil. 
McKinsey indicated that about 127 Mt of mine output 
will be impacted this year by government-mandated 
lockdowns, operational problems and escalating Cov-
id-19 related social and economic disruptions in India 
and Russia with their 150 and 80 Mt iron ore sectors. 
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by a reduction in steel production, especially in India, 
a country that normally consumes about 20 % of the 
global seaborne trade.

Global coal production has been hit by the pan-
demic, and this has especially affected the underground  
mines in South Africa, the US, Russia and the EU coun-
tries. The impact was also felt by a number of longwall 
mines in Australia, though that country’s highly pro-
ductive opencast operations have continued to per-
form very well. The price of thermal coal is now around 
US$ 50/t (Newcastle fob) and that of premium coking 
coal fob Queensland US$ 100/t, while cif rates to Chi-
na are up to US$ 125/t.

An analyst from Noble Group said that seaborne 
imports of thermal coal could fall by 7 % this year to 
927 Mt due to the Covid-19 pandemic and in the face 
of stiff competition from gas. Demand from China is  
expected to fall by 7  Mt to 210  Mt. Globally traded  
international supplies are predicted to fall by 2.6 % to 
972 Mt which would represent a potential overhang of 
45 Mt. This would put pressure on Indonesia, where the 
plus 400 Mt export capacity in lower value coal needs 
a price level of about US$ 60/t to be break even. An 
analysis of the coking coal situation indicates that ris-
ing Chinese steel output, the delayed start-up of China’s 
coking coal mines after the Chinese New Year holiday 
and transport-constrained imports from Mongolia will 
help keep prices resilient.

An article published in Britain’s Guardian on 17 
May suggests that coal may never recover from the coro-
navirus pandemic. It repeats the standard argument of 
the anti-coal lobby that the crisis has proved renewable 
energy to be cheaper for consumers and safer for inves-
tors. Their thesis is based on the fact that the imports 
of thermal coal into the EU have plummeted by almost 
two thirds in recent months, as they have done in the 
US and the UK – which of course can be attributed to 
reduced electricity demand. However, in Asia too the 
Covid-19 situation has highlighted the fact that China 
and India have built more coal power capacity than is 
needed, even before the crisis started. Now with demand 
at a lower level these plants are running at very low utili-
sation rates. Coal demand should revive to some extent 
next year, but there is a very strong argument to suggest 
that there will be no bounce back just to normal. 

Almost 60 % of the world’s thermal coal, and more 
than 30 % of Australian thermal coal, is unprofitable at 
current prices. This is creating a nightmarish scenario 
for a long list of miners and ports seeking to refinance 
debt this winter, according to a report in the Australian 
Financial Review of mid-May 2020.

Uranium

After years of sluggish growth and constrained price ac-
tivity, the uranium sector is finally starting to heat up, 
raising the hopes of its producers that profits can again 
be made. Since the Fukushima nuclear disaster in Japan 
the U3O8 spot price has faced huge headwinds, fall-

For Australia, the world’s largest exporter with no sig-
nificant Covid-19 issues, this situation has become an 
unforeseeable windfall in revenues, despite deteriorat-
ing political relations with China.

Energy and Coal

At the start of 2020, the IEA stated that global energy 
investment was on track for a 2 % growth, reflecting the 
largest annual rise in spending in six years. However 
Covid-19 then brought the world’s economy to a sud-
den halt in a matter of months. Global energy related 
investment is now likely to be 20 % down on last year in 
a fall of nearly US$ 400 billion y-o-y.

The coronavirus has caused a staggering drop in 
global energy demand on a scale that could be equiva-
lent to India’s total annual consumption. The IEA be-
lieves that energy consumption worldwide may fall 
6 % in 2020, this constituting the biggest shock to the 
energy system since the Second World War. This un-
precedented decline, which will be far greater than the 
impact of the financial crisis, is set to affect all fuels: oil, 
gas, coal and electricity, though not renewables. The 
resulting 8 % decrease in global carbon-dioxide emis-
sions will offset the previous emissions growth of the 
last 10 years. Obviously the decline in emissions will 
only be temporary unless new government policies or 
green initiatives are put in place to reduce emissions by 
a substantial degree – as many are now demanding. The 
highest reductions contributing to this predicted fall in 
global energy demand will be seen in the EU (–11 %) 
and the US (–9 %) ‘with electricity use experiencing its 
biggest decline since the Great Depression of the 1930s’, 
the IEA said. 

The global oil market, which is already in turmoil 
will decline by 12 % while coal will drop back 8 % and 
natural gas 5 %, according to this latest forecast. Elec-
tricity consumption will also decline overall, but re-
newable power usage is expected to increase, mainly 
because of new wind projects coming on stream in the 
US. As renewable power gets priority access to the grid, 
its share of electricity production will rise, thereby giv-
ing low-carbon sources a 40 % share of global electricity 
generation this year. 

In the first three months of 2020 global thermal coal 
exports by the seven largest producers fell by 7.2 Mt to 
a figure of 243 Mt. Exports from Russia fell by 3.1 Mt 
followed by Indonesia (–3  Mt), USA (–2.7  Mt), Co-
lombia (–0.9  Mt) and South Africa (–0.7  Mt), while 
Australia managed to increase its export volume by 
2.6  Mt, despite attempts by China to replace supplies 
from Australia with coal from Russia and Indonesia. 
China needs Australian coal, and especially coking 
coal, even in the current situation of global oversupply. 
Last year, China imported 225 Mt of thermal coal and 
75 Mt of coking coal. Even though China increased its 
domestic production by 1.3 % to 1.15 Mt between Janu-
ary and April 2020, coal imports still rose by 26.9 % to 
130 Mt. The market for coking coal was mostly affected 
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ing from more than US$ 60/lb in 2011 to US$ 18/lb 
 in 2017 – a low point not experienced since 2004. The 
spot price of yellowcake has rocketed to unexpected 
highs, climbing from US$ 24/lb in late December 2019 
to its present US$ 33.50/lb. This sudden price hike is not 
directly Covid-19 related nor demand driven, but rather 
has been triggered by President Trump’s reaction to the 
US dependency on supplies from China. The US is the 
world’s largest consumer of nuclear energy, even though 
it produces less than 1 % of its own uranium demand. 
Trump’s concern over imports from Kazakhstan, Russia 
and China – countries ranked in first, sixth, eighth place 
in terms of uranium production – triggered a lengthy 
investigation by the US Nuclear Fuel Working Group 
(NFWG). This committee, composed of market insid-
ers, utilities companies and politicians, was tasked with 
assessing the entirety of the American nuclear sector. At 
the end of February, even before the President had re-
ceived the NFWG report, he announced his 2021 budg-
etary plans, including funding for a domestic uranium 
stockpile to the tune of US$ 1.5 billion over 10 years. 
This caused a significant jump in the price of U3O8, 
with the new spot-price figure of nearly US$ 34/lb 
prompting many market players to speculate that the 
highly anticipated uranium bull market had arrived at 
last.

In March 2020 Cameco the world’s largest publicly 
traded uranium miner, suspended production at the 
Cigar Lake mine also in compliance with the Canadian 
Government’s Covid-19 shutdown of non-essential 
services. The mine, located in Northern Saskatchewan, 
was the company’s last productive asset, the McArthur 
River mine and Key Lake mill sites having already been 
closed due to persistently low spot prices. The decision 
to suspend production at with the Cigar Lake, mine 
also meant halting operations at the McClean Lake 
mill, which used to process 12 % of the world’s natural 
uranium supply.

The NFWG report, which was published at the end 
of April, proposes to revive the country’s uranium pro-
duction, increase nuclear power generation, promote 
further technological innovation and revitalise US 
global nuclear leadership. The US President has ignored 
expert advice to the effect that US imports of uranium 
come largely from allied countries, including Canada 
and Australia and that the International Atomic Energy 
Association (IAEA) opened a global uranium bank for 
low-enriched uranium several years before. It is the case, 
however, that Canada’s Cameco owns a large stake in 
Kazakhstan’s uranium production industry, which ac-
counts for more than 42 % of global supplies. The report 
does support Trump’s budgetary proposal of US$ 150/a 
for stockpiled uranium, starting with about 18 million 
pounds in 2020. The uranium supply industry is at pre-
sent in turmoil. Demand is unlikely to increase to any 
significant degree and the biggest suppliers in Canada 
and Kazakhstan have still halted a third of global ura-
nium production. There are still doubts attached to 
any US investment into new production capacities as a 

price level of US$ 50/lb is needed if new projects are to 
be economically feasible. It also has to be remembered 
that the US has left a terrible, toxic legacy in the form of 
more than 15,000 abandoned uranium mine sites dat-
ing from the dawn of the nuclear age. 

Actions in Australia and other Resources 
Countries

While the official US is handling the Covid-19 issue 
mostly political and in resprect of the US-China trade 
war, other countries like Australia are using the pan-
demic to stabilise their position for the future. Australia 
is aiming to emerge from the Covid-19 pandemic with 
a strong resources sector, a safe and healthy workforce 
and thriving regional communities, which will ensure 
that the country’s economic recovery will be rapid and 
sustainable. As an immediate measure, the ACCC 
(Australian Competition and Consumer Commission) 
granted temporary authorisation allowing to state re-
sources bodies to take joint action to secure safety equip-
ment and spare parts so as to ensure the uninterrupted 
operation of machinery and mining equipment. The 
minerals sector is seen as an integral part of the complex 
supply chains that make up the Australian manufactur-
ing industry. Furthermore, the MCA (Minerals Coun-
cil of Australia) is calling on the Federal Government 
to adopt a series of measures that, in the group’s view, 
would guarantee the recovery of the mining sector once 
the Covid-19 pandemic comes to an end. In a document 
titled ‘Immediate Reform Priorities to Accelerate Eco-
nomic Recovery’, the MCA proposes targeted reforms 
that include lower taxes, faster project approvals, mod-
ern skills and flexible workplaces. It claims that ‘expedit-
ing environmental assessments and approvals, reforming 
greenfield project agreements and expanding incentives 
for exploration will also help realise and refresh the poten-
tial pipeline of new and expanding mining projects’. The 
MCA takes the view that Australia’s company tax rate 
of 30 % is too high, not internationally competitive and 
could put mining investment at risk. The document goes 
on to say that ‘a potential mining investment pipeline of 
up to $ 100 billion of coal, iron ore, base metal, criti-
cal minerals and gold projects as well as tens of billions 
of spending to sustain the Australian mining industry 
cannot be taken for granted,’ MCA says and adds that 
‘with other mining nations significantly hampered by the 
Covid-19 pandemic while Australian minerals companies 
continued to operate, Australia’s competitors will waste no 
time in attempting to increase their share of the recovery.’ 
The Council’s paper also highlights the fact that grow-
ing economies in highly populated regions such as India 
and Southeast Asia will recover and continue to grow 
with their expanding housing, infrastructure and manu-
facturing needs supporting higher demand for minerals. 
And this is where Australia could deliver. These are the 
markets that the country’s mining sector will be target-
ing. Another initiative comes from Western Australia 
where the Government decided to keep royalty rates for 
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prices rose even though demand was falling, the reason 
being that supplies were falling even faster. It was noted 
that uranium, an essential material for nuclear power 
stations, underwent a remarkable 20 % increase in price 
on account of an inexplicable fear of supply shortages. 
Another emerging fact is the growing disparity between 
the price trends of precious metals and those of indus-
trial metals. The increased supply of money provided by 
many governments to stimulate spending resulted in in-
vestors moving precious metals as a way of storing value. 
Gold prices have performed extremely well over the past 
year, rising to around US$ 1,800/oz as compared with 
about US$ 1,300/oz one year ago. Profit margins from 
gold mining operations are also at a high level due to 
low energy prices and moderate equipment and labour 
costs. This is likely to trigger a significant expansion of 
output and activate new mining projects. The economic 
crisis has highlighted the importance of critical metals. 
Even before Covid-19 minerals such as cobalt, graphite, 
lithium, manganese, nickel, rare earths and vanadium 
were the focus of growing concern because of supply-
chain uncertainty caused by China’s dominance of the 
market. 

Despite all the turmoil, and with some individual 
exceptions, the global mining industry finds itself well 
placed and comparatively less affected by the corona 
crisis. It will finally benefit from the efforts made to re-
build the economies.
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minerals used in the building and construction sector at 
current rates to reflect its commitment to helping the 
economy to recover post Covid-19.

Australia with its unique spirit, certainly has what 
it takes to overcome these problems and to avoid the 
recession that is looming for the rest of the world. Its 
GDP performance in the March quarter at minus 0.3 % 
compares very well to that of other nations, with a nega-
tive growth of 9.8 % in China, 5.3 % in France, 2.2 % in 
Germany, 2 % in the UK and 1.3 % in the US. The big-
gest losers in this crisis would appear to be Africa and 
Latin America. 

China’s decision to shut its factories after the Lunar 
New Year sent shudders around the mining industries 
of in Brazil, Chile, Peru with their large-scale mining 
operations. Brazil is the second-largest exporter of iron 
ore while other two are leading suppliers of copper to 
the world. Now China is going back to work and min-
erals demand is recovering. However, Covid-19 related 
supply problems in Latin America are far from over. 
Along with India, the US and Russia the continent 
has become the new virus hot spot and countries such 
as Brazil, Chile and Peru are now the big unknown. 
Mining heavyweights like Vale and Codelco have so far 
managed to continue operating through the outbreak, 
adopting safety measures without any significant dis-
ruption in output. Other mines in the region that did 
shut are now re-opening. While the industry has been 
helped by relatively low rates of illness among the wid-
er population, this situation  has now changed. Brazil 
has just surpassed the US in new corona cases and the 
disease is now spreading into the northern states – in-
cluding Para, which accounts for 8 % of global iron ore 
supply. Rising infections among workers may induce the 
mining companies or local authorities to impose more 
draconian quarantines, which could limit productivity 
or even close mines. The story is similar in the copper 
industry, with a surge of Covid-19 cases in Chile. With 
a population of just 18 million Chile is reporting new 
cases on a per-capita basis to that compares with Spain 
at the peak of the outbreak in March, pushing hospitals 
near to collapse and prompting authorities to tighten 
restrictions. 

Conclusion

The Covid-19 crisis has had an extreme impact on the 
world’s economies which were completely unprepared 
for it. Downturns in the mining industry usually happen 
due to a decline in demand. When economic growth 
slows down there is a reduction in general industrial 
activity and this slows the demand for mined products, 
which results in falling prices. The difference this time 
round is that falling demand is also accompanied by a 
strong upheaval on the supply side. While mines stayed 
open in some countries, operations in others were closed. 
Some commodities, such as nickel lost more than 30 % 
of production while others, including lithium went into 
oversupply. A new experience in this case was that metal 

Additional Note
This article relates to information that was publicly 
available up to the early July 2020. The author may 
produce a follow-up paper covering any relevant 
developments occurring after that date.
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IIoT is being used to increase machine efficiency 
in underground mining. Analyses of roof bolting 
operations in an Estonian oil shale mine serve to 
verify how targets are being achieved.

Mining • Machinery • Efficiency • Big data • 
Digitisation • Case study • Estonia

Mining 4.0 and Big Data –  
How Implementing IIoT Systems can  
increase Efficiency underground
Charlotte Schmitz, M.Sc. and Mirko Liebetrau, M.Sc., talpasolutions GmbH, Essen, Germany

1 Introduction 

The use of IIoT (Industrial Internet of Things) is driving 
a change in thinking and bringing continuous improve-
ments in industry in general and in the mining sector 
in particular. Machine connectivity, combined with the 
gathering and processing of machine data, helps min-
ing companies to increase productivity while reducing 
operational expenditure. Sensors and telemetry systems 
incorporated into the machines during manufacturing 
mean that vast amounts of data can be collected at high 
frequency without loss. At present most machine data 
is not used for tracking performance or monitoring im-
provements and a lot of this information is simply ig-
nored.

Suciu and Kowitz [1] have predicted an increase 
in efficiency and productivity with the advance of dig-
itisation in the mining industry and the associated ap-
plication of IIoT systems. This article uses a case study 
to examine whether and to what extent the implementa-
tion of an IIoT system has contributed to an increase in 
efficiency and productivity in a particular mine under 
review.

2 Case Study

The case under discussion involves an early stage IIoT 
project in an Estonian oil shale mine (Fig. 1). The oil 
shale is extracted underground using room and pillar 
mining. A defined evaluation has been under way since 
June 2018 of the basic operations of a roof bolter this 
being the automated analytical outcome of the applied 
IIoT system. Data was sourced from the integrated 
CAN bus system and from a number of retrofitted sen-
sors (speed sensor). The sourced data has been analysed 
by talpasolutions GmbH of Essen, Germany, and the re-
sulting information made available to the company via a 
web application [2]. As well as determining the operat-
ing positions of the machine the project aims included 
an analysis of the machine activities and performance. 

The key objective of the project is to identify the ef-
ficiency parameters of the machine. This requires a ho-
listic breakdown of the equipment working time. Only 
by conducting a differentiated analysis of the overall 
working time it is possible to identify inefficiencies in 
the operational processes and to apply measures to rec-
tify them.

Fig. 1: Roof bolter operating in an oil shale mine

Different sources of information need to be com-
bined in order to fully map the working processes of the 
machine and define suitable algorithms. Such informa-
tion includes raw signals from the CAN bus system, the 
mechanical structure of the machine and video footage 
of the machine at work. In total seven different machine 
activities could be defined and determined by algo-
rithms. As a first step, a distinction between the follow-
ing four activities was made:

 ▶ Working time: the time during which the machine 
is working for its intended purpose

 ▶ Travelling time: the time needed to travel from the 
maintenance area to the operating site, or between 
two operating points during one shift 
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3.1 Availability

The relative machine operating time can be determined 
by way of the availability. In literature this value repre-
sents the quotient of the operating time and the avail-
able time, the latter being obtained by subtracting the 
planned downtime (e. g. for maintenance work) from 
the total time. Since no information on planned down-
times has as yet been integrated into the IIoT system, as 
described, the method of calculation as defined in the 
literature cannot be applied in this particular case. The 
parameter in question therefore has to be adjusted ac-
cordingly. The availability does not relate to the availa-
ble time as calculated on the basis of the planned down-
times but rather is equated to the maximum possible 
duration of a shift (in this particular case: 8 hours). The 
availability of the roof bolter is therefore determined us-
ing the following formula:

ƞ = 
toperation 

tshift
 × 100   ................................................  (1)

Where:
η availability [%]
toperation operating time [h]
tshift duration of one shift [h]

3.2 Utilisation

The utilisation is the measure used to denote produc-
tion losses during the operating period. This parameter 
takes into account those factors that cause the machine 
to operate at less than the maximum possible perfor-
mance. The utilisation for the roof bolter is determined 
by means of the following formula [4]:

P = 
twork

toperation
 × 100   ...............................................  (2)

Where:
P utilisation [%]
twork working time [h]

Deviations from the maximum possible working time 
can be caused, for example, by increased travel dis-
tances to the working area. For this reason the travel-
ling time is explicitly not taken into account when 
calculating the machine’s utilisation. There are two 
reasons for this. As already stated, the travel time is 
not included as part of the working time. Moving 
the machine cannot be considered as one of the main 
purposes of a roof bolter. Moreover, the machine is 
being used in room-and-pillar operations and as this 
mining method is characterised by an increasing dis-
tance between the mine phases and the mine shaft, as 
the mine advance, this can result in increasing travel-
ling times as the months got by. An examination of 
the average travel time per shift confirms this correla-
tion (Fig. 2).

 ▶ Idling time: The machine is switched on but is not 
performing any activity.

 ▶ Machine off: The diesel engine and hydraulic mo-
tor are switched off.

Further, the working time can be divided into two sub-
categories:

 ▶ Bolting cycle: period when the machine is perform-
ing its main functions

 ▶ Transitional delays 

The bolting cycle can also be broken down into three 
main routines:

 ▶ Hole set-up
 ▶ Drilling
 ▶ Bolting

It should be noted that the bolting cycle is not a self-
contained operation but in fact is regularly interrupted 
by various manual activities, to maintain the working 
capabilities of the machine. These additional activities 
are summed up as ‘transitional delays’. Wear-inducing 
factors cause the drill head to become worn out over 
the duration of the drilling process and this means that 
the head has to be replaced. This manual operation re-
quires the drill boom to be in horizontal alignment, a 
process that can take several minutes. In addition, the 
rockbolts have to be continuously fed into the maga-
zine as the latter only holds ten bolts. As these manual 
activities are crucial to sustain a continuous working 
cycle they are assigned to the working time as ‘transi-
tional delays’ [3].

3  Selection of suitable Performance 
Parameters

Capital-intensive industries like mining depend on high 
machine utilisation. By using machinery effectively, and 
by optimising productivity, an earlier return on invest-
ment can be achieved in relation to the total capital 
expenditures on assets [4]. Assessing efficiency requires 
a performance parameter that represents the efficiency 
being achieved best. Overall Equipment Effectiveness 
(OEE) is considered to be one of the most suitable pa-
rameters for evaluating machine operating efficiency. 
OEE is determined as a product of availability, perfor-
mance and quality, this representing the overall effec-
tiveness of the machine.

Since the information needed to produce the rel-
evant calculations, as specified in the literature, is not 
always available for all OEE input parameters (such as 
planned downtime) some adjustment has to be made to 
the definitions of the selected performance parameters 
in respect of the machine under consideration. The pa-
rameters used for determining the OEE are therefore 
explained below in the context of the available data and 
the type of machine under review.
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Any increase in the utilisation that also factors in 
the travelling time would therefore result in an incor-
rect interpretation of the findings. For this reason, only 
the actual working time is included in the calculations 
of the utilisation.

3.3 Quality Rating

The quality is defined in literature as a comparison be-
tween the actual output and the amount that is possible 
in theoretical terms [4]. In the case of a roof bolter, the 
number of holes drilled can be considered as ‘output’. 
In this particular instance there are no specifications for 
the maximum number of drill holes to be completed 
per shift. In consideration of this constraint the quality 
parameter has been adjusted for the machine in ques-
tion.

It is not possible to make a conclusive statement 
about the efficiency of the machine as based on the 
actual level of performance. As stated above, some 
further differentiation is needed in the working time. 
For example, within the period referred-to as ‘working 
time’ there will be transitional delays resulting from the 
changing of drill bits and the reloading of bolts. The 
length of these delays will depend on a number of fac-
tors and is variable. A change in the wear-inducing fac-
tors, for example, can affect the service life of the drill 
bits. Machine efficiency can be improved by reducing 
these delays, as well as by other measures. The quality in 
terms of machine usage is therefore determined by tak-
ing the aforementioned aspects into account:

Q = 
tdrill + tanchoring + thole setup

twork
 × 100 

     =  
twork – ttransitional delay

twork
 × 100  .....................  (3)

Where:
Q               quality [%]
tdrill                        time taken to drill the holes [h]
tanchoring             time taken to install the bolts [h]
thole setup             time taken to align the boom [h]
ttransitional delay transitional delays [h]

4 Efficiency Assessment

The performance trend assessment seeks to show 
whether an increase in efficiency can be observed since 
the implementation of the IIoT system in the specific 
application in question. To this effect, monthly average 
values are calculated for each parameter. In addition, 
trend functions are created using linear regressions in 
order to be able to determine the trends in the respec-
tive development. The diagrams in Figs. 3 and 4 show 
the results over the entire one-year period under exami-
nation. The development of the performance trends can 

Fig. 3: Trend lines for all performance parameters

Fig. 4: Trend line for OEE

Fig. 2: Average travel time per shift

Table 1: Increase in performance parameters

Performance parameter Increase

[%] [%]

Availability 3.91

Utilisation 0.31

Quality 7.38

OEE 12.36
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planned downtimes into consideration when determin-
ing the availability has a negative effect on the calcula-
tion of long-term trends. For this reason June cannot 
be considered as a fully representative month. Proper 
integration of planned maintenance and repair work  
can therefore help to prevent assessing inaccuracies 
when considering long-term trends. The impact of the 
improvement in parameters is further enhanced when 
June 2019 is excluded from the long-term performance 
trends.

An analysis of the results supports the view that the 
integration of IIoT systems leads to an increase in effi-
ciency. In this particular case the efficiency (OEE) was 
increased by 12.36 % during the time when the IIoT sys-
tem was in operation. 

5 Conclusions and Outlook

The assumption that efficiency and productivity of 
a mining operation can be improved by introducing 
an IIoT system could be confirmed by the presented 
assessment. The non-continuous nature of the room-
and-pillar mining method being applied in this par-
ticular instance necessarily results in a high degree of 
dependency between the various machines in opera-
tion. This means that the efficiency of the individual 
machines will also have a direct impact on down-
stream processes and equipment. This can be attrib-
uted to the interdependence that exists between the 
machines used for the drilling and blasting cycle. A 
machine can only be as productive as the machine op-
erating upstream of it [4]. Any increase in the OEE 
and any improvement in the productivity of the ma-
chine in question can, for the the aforementioned 
reasons, therefore be projected on to the entire mine. 
Compared to the previous situation, where mining 
operations were generally lacking in transparency, the 
clearly discernible improvement in machine efficiency 
shows the added value of implementing an IIoT sys-
tem. This value factor can be further strengthened by 
including additional machines, with the added ben-
efit of greater comparability across the equipment 
range. In this particular case everyone involved rated 
the project a success and the work has been contin-
ued with the incorporation of more machines into 
the system. All in all it can be said that the introduc-
tion and implementation of IIoT systems of this kind 
opens up considerable potential for mines prepared 
to meet the economic challenges ahead. Being able 
to use machinery more efficiently has a direct impact 
on a company’s competitiveness vis-à-vis other market 
players and its resilience to adverse market develop-
ments. An IIoT system can therefore be considered a 
pivotal tool when deployed for identifying inefficien-
cies and optimisation potential. Given the increasing 
digitisation of the economy as a whole, it is now clear 
that the data provided by IIoT systems will in future 
be indispensable for the planning and operation of 
mining activities.

Fig. 5: Development trend for number of holes drilled

be seen in Figs. 3 and 4, and the corresponding regres-
sion parameters of the trend functions in Table 1.

Looking at the curve progressions it is clear that all 
parameters exhibit an increasing trend over the entire 
period. The trends that are already recognisable can 
be clarified by calculating the relative increase in the 
performance parameters calculated on the basis of the 
trend functions. The trend calculation process confirms 
the visual assessment of the trend functions. While the 
utilisation is almost constant over the entire period un-
der consideration, all the other parameters benefit from 
an increase in performance. The rising trend for the 
OEE is highest at 12.36 %. It should be noted, however, 
that a number of relevant factors, such as major mainte-
nance events or commodity market induced reductions 
of overall mining activities have not been taken into ac-
count when assessing the case in point (cf. February and 
June in Figs. 3 and 4).

A comparison of the gradients for the individual 
performance parameters highlights the relatively small 
increase in the utilisation. As already mentioned in Sec-
tion 3.2 the progressive advance of the mine phases re-
sults in an increase in travelling time increasing during 
the period under review. For this reason the constant 
progression of the utilisation in conjunction with an 
increase in travelling time, as caused by the longer dis-
tances involved, has to be seen as a positive factor.

The preceding evaluations assess the increase in ef-
ficiency solely on the basis of time factors. However, 
any improvement in OEE would also have to manifest 
itself in an increase in absolute productivity figures. 
In order to verify this theory a study was made of the 
absolute number of drillholes included in the analysis. 
The diagram shows the time-related development of 
the absolute number of holes drilled per shift (Fig. 5). 
The relative trend line for the number of drill holes 
was also determined for the time period in question. It 
was found that in absolute terms it is posible to achieve 
an average increase of 8.52 drilled holes per shift. This 
equates  to a relative increase of 6.67 % in the number of 
holes drilled. The increase in OEE is therefore reflected 
in an improvement in productivity.

Looking at the way in which performance trends 
developed over time, it is clearly apparent that almost 
all parameters suffered a significant drop in values in 
February and in June 2019. During the month of June 
the mine scheduled a general programme of mainte-
nance and repair work and this was accompanied by a 
shutdown of production. Here, the shortcoming to take 
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Situation Awareness (SA) describes the compre-
hensive awareness of a particular situation. Ac-
cording to EndslEy a situation is subdivided into 
the phases of perception, comprehension and 
projection, which ultimately result in an action. 
SA is used, for example, in the automotive sec-
tor where autonomous vehicles must respond to 
their environment. In this paper the same princi-
ple is being applied to the field of bulk materials 
transport in order to control and monitor convey-
ing systems. The article demonstrates how Situ-
ation Awareness can be used for bulk materials 
transport systems, with reference to products 
supplied by the German company Rema Tip Top.

Mining • Raw materials • Automation • 
Conveying technology • Bulk materials

Perceiving, Comprehending, Projecting and 
 Acting: Situation Awareness in Material 
 Processing
Thomas Moser and Jonas Kothy, Rema Tip Top AG, Poing, Germany

1 Introduction

Situation Awareness (SA) is developing into an essential 
factor in today’s digital and autonomous systems. Theo-
ratical approaches have existed on this subject for quite 
some time; however, and as early as 1988 Mica End-
sley established the definition, still commonly used 
today, that whereby SA comprises the ‘perception (notic-
ing) of the elements in the environment within a volume 
of time and space, the comprehension of their meaning, 
and the projection of their status in the near future’ [1]. 
SA is therfore made up of three main elements: 

 ▶ Level 1: Perception of a situation 
 ▶ Level 2: Comprehension of the situation
 ▶ Level 3: Derivation of a projection for the future 

On the basis of these three elements a decision can then 
be derived and subsequently put into action. This triad 
can be transferred from the hunting activities of the an-
cient world to the agricultural practices of the Middle 
Ages through to today’s state-of-the art industry.

Endsley’s characterisation can be classified as a sta-
tus-based definition – one that considers SA as a state of 
awareness and can therefore be set apart from process-
oriented definitions [2, 3]. From a psychological per-
spective, this presents the problem that not all elements 
of human perception are part of an active process that 

Fig. 1: Endsley model of Situation Awareness [4]

can be recorded and measured. However, when trans-
ferred to an industry setting this problem appears to be 
of secondary importance since any process involving 
the operation of machinery should be transparent and 
comprehensible at all levels and at any time. Endsley’s 
definition – as shown in Fig. 1 – is therefore  used for 
the purpose of this paper.

2  Situation Awareness in the 
 Automotive Sector

The SA application that is probably the most frequent 
topic of public debate relates to motorised personal 
transport: autonomous driving requires extensive SA 
on the part of the vehicles. The only sensors initially 
available for motorised vehicles were those ‘fitted’ to the 
human operators, namely two eyes and two ears. The in-
formation obtained via these sensors was processed by a 
relatively slow system, namely the human brain. In mod-
ern passenger cars the driver is supported by various sen-
sors, such as distance meters, blind-spot assistants and  
parking aids that are far superior to human sensors in 
terms of accuracy, speed and comprehensive data acqui-
sition. Nevertheless it has always been a huge challenge 
to evaluate the recorded data in such a comprehensive 
and accurate way that autonomous driving becomes a 
practical possibility.

However, humans enjoy one crucial advantage over 
machines in that they have cognitive abilities. Unlike 
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SA this technology is to become capable of correctly as-
sessing a situation on the basis of sensor perception and 
then taking the appropriate action.

3  Situation Awareness in Conveying and 
Processing Systems for Bulk Materials

When transferring Endsley’s model to the bulk mate-
rials industry, many parallels to the automotive sector 
show up. In almost any conveying system the acquisi-
tion of individual data blocks is a normal process, even 
if this data gathering is only achieved by visual inspec-
tion. Apart from the automation required for the first 
phase the main challenge is essentially to evaluate the 
acquired data. Fig.  2 presents the different stages of 
the SA process in relation to the economic benefit that 
can be generated by the implementation of SA at each 
respective stage. The diagram illustrates the significant 
economic impact that can be achieved by comprehen-
sive situation control as opposed to a mere data col-
lection or an additional, process-oriented evaluation. 
In order to achieve control of a particular situation 
all relevant parameters have to be known and must be 
evaluated, both individually and with regard to their 
interaction with other parameters. The projection of 
the future behaviour of a system, in particular, provides 
an opportunity to reap a significant financial benefit 
since this will help prevent, unplanned downtimes at 
the conveying plant that would otherwise result in ma-
jor losses in revenue.

These theoretical possibilities and opportunities 
can be transferred to a practically relevant level by em-
ploying product solutions from Rema Tip Top. Over 
recent years this company, which is based at Poing near 
Munich, has developed from a producer of conveying 
and processing equipment to a service provider that 
prides itself on its excellent after-sales support to cus-
tomers [6].

3.1 Level 1 – Rema MCube

The company’s trademark Rema MCube brand com-
prises all the measuring instruments that operate di-
rectly at the conveyor belt, these being divided into 
the three phases ‘monitor’, ‘maintain’, and ‘manage’. As 
stated above, manual controls are the most frequently 

Fig. 2: Stages of Situation Awareness in relation to the economic benefit of 
the respective stage (own depiction)

the machine, the human being can draw on personal 
experience to better assess a situation and, moreover, 
he or she has something we call the ‘sixth sense’ (or 
the ‘gut instinct’). Humans can often comprehend a 
situation without having an objective perception, for 
instance, when they feel they are being watched. It is 
at this point, that the currently measurable elements 
begine to become blurred on a metaphysical level. 
Nevertheless, this ability has helped save many people 
from dangerous situations as mankind has evolved. 
Machines completely lack this capability, and it is 
doubtful whether it can ever be replicated as part of 
this technology. 

According to Endsley Situation Awareness re-
quires three elements that can be transferred to the auto-
motive sector. Modern cars achieved the first level some 
time ago and in this they are much better than humans,  
since on-board sensors can perceive a huge number of el-
ements in a given situation. At the same time, however, 
even highly sophisticated cameras have problems under 
confusing or visually challenging conditions, as dem-
onstrated in one particular case where a camera could 
not distinguish a bright truck from a bright sky and the 
vehicle’s radar sensors did not function properly for rea-
sons that are still unknown [5] . Any misperception will 
enevitably lead to an incorrect comprehension of the 
situation, as shown in the forementioned instance. And 
yet, a correct perception will not necessarily result in a 
correct comprehension of the situation. 

While the camera in the car involved in the afore-
mentioned incident clearly was not functioning prop-
erly, the radar sensors may in fact have captured the 
situation correctly. However, in this case the overall 
situation was subsequently misinterpreted by the au-
tonomous system. This is the point where systems de-
signed for autonomous or part-automated driving dif-
fer from driver’s assistance systems, which are primarily 
an extension of level-1 perceptions. With the new tech-
nology the data being collected by sensors must also be 
correctly processed on levels 2 and 3. Perception on the 
third level in particular, which is the projection of fu-
ture behaviour, poses a real problem for autonomous 
systems as soon as the human chaos factor intervenes. 
This difficulty can be explained by way of the follow-
ing everyday situation: A child holding a ball is run-
ning along the footpath in the opposite direction to an 
approaching car. Now the normal projection would be 
that he or she continues to run in this direction. How-
ever, just as the car reaches the child the latter drops 
the ball and it then rolls out on to the road and into 
the path of the moving car. A human driver would in-
tuitively assume that the child will follow the ball and 
so immediately applies the vehicle brakes. Teaching this 
behaviour to a machine – not to mention factoring-in 
the potential difference in conduct between children 
and adults – would be a laborious process and involve a 
huge volume of data. 

The automotive sector clearly demonstrates the de-
velopment challenges that lie ahead for machine-based 
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used solution for the maintenance and upkeep of con-
veying systems, though they do have several drawbecks. 
Digital and automated measuring systems, on the other 
hand, provide a more efficient and more detailed meas-
urement process. When applied to Endsley‘s model 
this represents the first level of perception of the envi-
ronment. At this level, Rema Tip Top AG offers four 
measuring methods for data collection (Fig. 3):

 ▶ Method 1: RFID tear protection monitoring is 
the basic perception stage. This process uses RFID 
antennas built into the conveyor belt to detect lon-
gitudinal rips and shut down the conveyor before 
the tear causes further damage to the conveying sys-
tem. The chips can withstand temperatures of up to 
230 °C and can be vulcanised into all types of con-
veyor belts, including steel cord, multiply and PVC. 
Measurements can be taken at belt speeds of up to 
15 m/s. However, this measurement is purely reac-
tive and there is limited possibility of transference 
to subsequent levels of SA. Nevertheless, the large 
volume of data produced does mean that wear pat-
terns can be identified and then used as a basis for 
prediction and projection.

 ▶ Method 2: The Steel Cord Monitoring system of-
fers a reliable real-time solution for the detection of 
cord fractures, loss of tension and belt joint prob-
lems. This modular system is suitable for use on a 

Fig. 3: Rema Tip Top sensor systems installed on the conveyor belt
Source: Rema Tip Top AG

Fig. 4: Sample scan of a conveyor belt otained with a Belt Thickness Monitoring system
The scan shows a junction at 2 m with normal belt wear; however, minor damages can be detected at 12 m, and edge damages can 
be seen between 15 and 19 m.

 Source: Rema Tip Top AG.

range of different conveyor widths. It consists of a 
scanning unit, a data processing unit and an inter-
face for further use of the data. As in the Endsley 
model the system is able to process the collected 
data for transfer to the next awareness levels.

 ▶ Method 3: The Belt Thickness Monitoring system 
(BTM for short) continuously measures belt wear 
and tear by means of ultrasonic waves. These sensors 
generate over 1,000 readings per second, thereby 
enabling a precise graphic representation of the cus-
tomer’s conveyor belt (Fig. 4).

 ▶ Method 4: The most extensive database can be gen-
erated using the radar-based sensor system: after a 
one-off calibration the system measures volume, belt 
speed and belt misalignment and does this contact-
free and to the nearest millimetre. What is more, 
radar sensors can also function under adverse condi-
tions, as can exist on inclined or slanting belts, and 
can operate irrespective of external influences such 
as vibration, steam, fumes, rain, snow, fog, wind or 
excessive temperatures. 

These examples of the products supplied by Rema Tip 
Top give some idea of the wide range of industrial sen-
sors now available at perception level – technology that 
is superior to the human sensor system. In order to en-
hance the added value factor, as based on the acquired 
data, an appropriate analysis process has to be carried 
out after the data generation stage. 

3.2 Level 2 – Rema CCube

After the data collection process has been completed 
the management system for the Rema CCube service 
– which is subdivided into ‘command’, ‘control’ and 
‘communicate’ – provides the tools for understanding 
a situation and, if necessary, for developing an initial 
future projection on which an action can be based. Un-
like fully automated data collection systems, whose au-
tomation status will depend on the type of sensor used, 
the human being remains part of the evaluation process. 
Fig. 4 shows a section taken from the user interface in 
the central software that enables comprehension of the 
situation via a representation of the measurement re-
sults. The higher the grade of built-in sensors, the more 
data the software is able to process and hence the more 
extensive is the degree of comprehension that is impart-
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in a ‘simulation game’, as part of an iterative process, in 
order to be able to propose the best possible action. This 
process uses both strategic and tactical specifications. 
Returning to autonomous driving technology, the sys-
tems used here are strategically conditioned avoidance 
to preventing accidents and controlling situations of 
this kind. Avoidance is not generally an option in this 
case since this would mean running through countless 
situation variants in real time. 

The same can be said of moral and ethical concerns, 
neither of which can be part of an algorithm. Since a 
machine has no feelings the system will not enter into a 
discussion of moral principles in those cases where a col-
lision is inevitable, neither will it make a decision based 
on guidelines, such as the utilitarian reasoning: Should 
an unavoidable collision rather occur with a group of 
persons or, if evasion is possible, with a single person? 
This kind of problem is also quite relevant to bulk ma-
terials conveying and to the question of how the system 
should behave in certain emergency situations where 
there is a risk of personal injury. 

4 Conclusion

“Most simply put, SA is knowing what is going on around 
you” [7] . The concept is simple but the implementation 
is complicated, especially outside the natural setup that 
consists of human sensors and the human brain. In the 
industrial field SA with digital and machine support has 
great potential for creating added value along the entire 
value chain – whether in the automotive sector, where 
it opens up new business opportunities with autono-
mous driving, or in materials conveying and processing, 
where optimisation of plant maintenance would be one 
of the initial benefits. This could be followed, as part of 
a phase-two application, by the autonomous and digi-
tal measurement of maintenance parameters as a major 
step towards an autonomous conveying system. If all the 
processes that create added value are able to run in an 
automated manner, and are simply managed from a cen-
tral control room, then maintenance routines too must 
be capable of operating practically without any man-
power on site. From a research and development per-
spective it will in future be interesting, for both the au-
tomotive and the materials handling sector, to observe 

ed. In this way a digital twin of the plant or machine can 
be built based on an extensive database. All elements of 
the system are modelled in detail und can be digitally set 
in motion depending on the configuration of the twin. 
The sensors deliver real-time data on parameters such as 
volume and belt speed. These forms of representation 
make it easier for the human brain to comprehend the 
situation and to derive actions from it. 

3.3 Level 3 – Rema CCube New Generation

The third level, namely projection into the future, is also 
becoming an increasingly important tool. Linear auto-
mated processes essentially provide a comparably simple 
basis for prospective interpretations since a process will 
always run the same way in the normal course of events. 
For instance, a retrospective evaluation of a decline in 
belt thickness that follows a linear path makes it a rela-
tively simple process to produce a future projection, on 
the basis of which – and with reference to a pre-defined 
minimum belt thickness – the minimum service life of 
the belt can be determined. 

Digital evaluation has the advantage that algorithms 
are capable of analysing much larger volumes of data. 
The more the systems are used and the more data they 
collect, the sooner patterns in the data can be detected 
that go beyond a linear projection: 

 ▶ Does the risk of longitudinal rips in a conveyor belt 
handling abrasive materials rise exponentially at 
temperatures below zero? 

 ▶ Is uneven loading and tension on the conveyor belt 
increasing  at high daily volume flows? 

 ▶ Is belt wear progressing in a particularly rapid or 
slow manner at a given belt speed? 

These and similar questions can be answered, and with 
added value for the plant operator, by using a compre-
hensive digital system that covers all three levels of the 
Endsley model and thus effectively achieves Situation 
Awareness. However, the general orientation of the de-
cision-making process also has to be taken into consid-
eration. Even if the system correctly interprets the situ-
ation and can properly predict its future development it 
still has to simulate decisions and operations in advance 
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how and how fast the human brain gets left behind, not 
only in terms of data acquisition but also when it comes 
to comprehension of the situation and its projection 
into the future. As well as dealing with the technical 
feasibility of this technology both fields of industry will 
also have to address ethical, legal and strategic questions 
when deciding on the extent to which an operator can 
and may relinquish control over an autonomously func-
tioning system. 
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