
Journal for Resources, Mining, Tunnelling, Geotechnics and Equipment 04 | 2015

Mining 4.0
Reinforced earth
Geosynthetics
Bridges

Design method
Conservation
Construction operation
Tunnel fire service

Work safety
Canada
India
Currency risk

GeoResources Verlag ISSN | Online 2364-8430 • Print 2364-8422   www.georesources.net 

Journal



bauma mining Special

In alphabetic order and provided  

with keywords, the bauma  

mining Special pilots you through 

an exhibition of superlatives.

Order possible from now on. 

Early Bird-discount til 23 Dec 2015!

Print documents til 20 Jan 2016.

Interested in participating?
Send a short email to: advertising@georesources.net

and we`ll get back soon with all necessary information.

Portal for Mining, Tunnelling, Geotechnics and Equipment

 

Company portrait - prototype

bauma mining special   1 | 2016 

www.georesources.net  

GeoResources Verlag

We make the underground the foreground

Member-

ship:

GeoResources provides a portal and a jour-

nal on the topics of mining, tunnelling, 

geotechnics and equipment.

You ask for news in the branch? New 

order intakes? New figures from a stock 

exchange noticed supplier? New peo-

ple? New positions? New products? 

News about projects? The online portal  

www.georesources.net has the answer. The 

latest information is distributed on a day-

to-day basis. More than 30.000 profession-

als from more than 180 countries attend 

the website every month.

Georesources Verlag wishes to set up 

links between classical readers of printed 

articles and the computer generation. In a 

somewhat unconventional manner GeoRe-

sources combines the portal and the jour-

nal as well as geotechnics and mining.

The quarterly GeoResources Journal 

contains detailed articles and papers on 

what happens on the big building sites and 

in raw materials production all over the 

world as well as in the R&D divisions and 

the relevant universities. 

The GeoResources Journal is available 

quarterly as a download on www.geore-

sources.net in English and German lan-

guage as well as a printed version.

Providers and service suppliers in the 

relevant industries find with www.geore-

sources.net and GeoResources Journal a 

stage for their advertisements and ban-

ners.

Contact: Manfred König

Address 1: Oleanderweg 12

Address 2:

Zip code: 47228

City: Duisburg

Country: Germany

Phone: +49 172 244 16 16

Email: press@georesources.net

Internet: www.georesources.net

Branches/Products/Services

Mining • Tunnelling • Geotechnics • Equipment •  Communication • Public Relations

bauma-

booth:

Copies of GeoResources  

Journals available  

at C2.224 (c/o VDMA)

bauma 2016

Bergbaumaschinen

Baumaschinen

Innovation

Interview

Projekte

Zulieferer

Dienstleister

VDMA Mining

FAB
München

International

GeoResources Verlag  

ISSN | Digital 2364-0278 • Druck 2364-8414  

www.georesources.net  

 

Zeitschrift

Fachzeitschrift für Ressourcen, Bergbau, Geotechnik, Tunnelbau und Equipment
01 | 2016

bauma Spezial

www.GeoResources.net

The compass for the bauma mining visitor.

with support 
of VDMA mining

Ph
ot

o:
 fo

to
lia

.d
av

is

MK_Anzeige_bauma_Endvers._engl.indd   1 25.11.15   09:59



GeoResources Journal   4 | 2015
Content www.georesources.net

Content 

4 ImprInt 

 A Word on 

5 Next Level Mining – Technology Convergence 
 advances Mining Efficiency and Productivity

 Eduardo Gallestey
The mining industry currently faces a unique set of challenges. 
The article gives an impression of how automation and integ-
ration of information brings significant benefits to master the 
challenges.

Mining • Internet of Things • Efficiency • Productivity • 
Automation

 GeotechnIcs  

7 Possibilities for applying Geosynthetics for building 
new and redeveloping existing Bridge Abutments

 Marie-Theresa van Keßel and  Hartmut Hangen
 The need for traffic arteries to be renewed is considerable at 

present. This report provides proposals for resolving challen-
ges posed by building new bridges and renovating existing 
ones through applying geosynthetics. Geosynthetic reinforced 
supporting structures as well as subsoil improvements and 
temporary structures using geosynthetics offer economic and 
logistical advantages for building new bridges and renovating 
bridge abutments. The report deals with fundamental princip-
les and introduces current examples of application.

Geotechnics • Bridge building and redevelopment •  
Geosynthetics • Reinforced earth • Soil improvement •  
Construction operations

 GeotechnIcs  

17 Reinforced Soil Design using a two-part  
Wedge Mechanism: Justification and Evidence 

 Michael Dobie and Paul McCombie
Design methods for reinforced soil structures are normally 
divided into: external stability (defines structure dimensions) 
and internal stability (determines reinforcement layout). This 
paper examines a method of calculation which has been de-
veloped for the internal stability check based on a simple two-
part wedge mechanism. The wedges are defined by a first pla-
ne across the width of the reinforced soil zone, and a second 
plane upwards through the retained backfill. Reinforcement 
intersected by the first wedge contributes to the equilibrium 
of forces. A large family of two-part wedges is defined, and suf-
ficient reinforcement must be provided to ensure that all can 

achieve equilibrium without overloading the reinforcement. 
Extensive experience of using this technique indicates that the 
critical two-part wedge in an efficiently designed structure will 
normally be defined by a line crossing the reinforced soil zone 
at about 45°, then extending through the backfill at the Cou-
lomb angle. If seismic inertia forces are added, then the angles 
of both wedges will become less steep. The two-part wedge 
mechanism is compared with more comprehensive stability 
analyses, as well as observed behaviour in shaking table tests 
on small-scale reinforced soil walls.

Geotechnics • Reinforced earth • Geosynthetics •  
Calculation • Stability • Design method

GeotechnIcs  
23 Creative geotechnical Solutions for  Renovating the 

Dresden Old Masters  Picture Gallery in the Zwinger
Part 3: Extending the Tunnel for an underground  
Museum Passage

 Annett Geppert and Jens Jähnig
Renovating the Old Masters Picture Gallery in the east wing of 
the Zwinger in Dresden also represents a sophisticated task in 
geotechnical terms. Part 3 of this report deals with execution 
of an enlargement and lengthening of a tunnel accomplished 
by trenchless means. It is intended to serve as an underground 
museum passage for visitors to the Picture Gallery. Special chal-
lenges were presented by the tricky subsurface, conservation, 
ongoing museum operations and existing pipelines and cables.

Geotechnics • Tunnelling • Conservation •  Redevelopment • 
Construction operation • Construction equipment

tunnellInG – mInInG 
29 Albabstieg: Tunnel Fire Service  

is ready for Action
 Andreas Behr and Martin Rauscher

The establishment of tunnel fire services for involvement in 
tunnels is new. This became necessary as fire brigades in Ger-
many are not appropriately trained and equipped and the 
members of the force lack the necessary underground expe-
rience. As a result, they cannot properly cope with incidents 
involving fires on tunnel sites. In addition, there is the penet-
ration depth restricted to 200 m from the “smoke limit” based 
on a directive from the Land of Baden-Württemberg currently 
under preparation. The establishment of tunnel fire services is 
following a new but also correct path. 

This report describes the setting up and organization of such 
novel tunnel fire brigades, which are based on the concept of 
the mine fire services that have been successfully established 
in German mining for decades.
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An approach by the regional government that merely fore-
sees the setting up of an initial response is examined critically 
for this would signify a decisive climb-down from the actual 
situation presented here.

Tunnelling • Tunnel fire service • Rescue •  
Fire protection • Training • Safety
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34 Mine Safety: Complying with Canada’s New  Lower 
NO2 Limits by Implementing  Appropriate Gas Detec-
tion Technology

 Jason Morton and Christoph Feyerabend
Nitrogen dioxide (NO2) is a highly toxic gas that is generated 
as a component of diesel engine emissions and as a byproduct 
of blasting. To support mine safety, there is an emerging global 
trend to reduce levels of human exposure to NO2 in mining 
workplaces. This article addresses current NO2 limits in Cana-
da and new legislation designed to protect worker health and 
improve mine safety. It also explores innovative gas detection 
technologies that can help mines comply with this new legis-
lation.
Mining • Work safety • Regulation • Monitoring • 
Measuring equipment • Canada
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37 Currency Volatility and Impact on Mine  Production 
Consumables

 Arun MV
Purchasing raw-materials directly from overseas, or purchasing 
goods with a large imported content, adds an extra dimension 
to the basket of procurement risks a company must consider 
‘Foreign Exchange Risk’. This is that risk of losing money due to 
adverse movements in exchange rates. 
This paper examines challenges associated with currency vola-
tility on mine production consumables manufacturing compa-
nies and strategies a buyer company can employ over manu-
facturer in managing the impact of these fluctuations.

 Mining • Global • Procurement •  Consumables •  
Raw material • Currency risk •  Economy
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Next Level Mining – Technology Convergence 
 advances Mining Efficiency and Productivity
Dr. Eduardo Gallestey, Head of R&D and Product Management, Minerals Processing, Cement and Aluminum, ABB, Switzerland 

Although demand for commodities is growing 
in the long term, the mining industry currently 
faces a unique set of challenges: Competitive 

pressure is driving miners to find ways to increase the 
production rate of their operations, reduce the cost per 
ton produced and extend the life span of mine sites or 
establish new ones.  People and asset productivity has 
to rise too as flat underlying commodity prices, rising 
production costs and high price volatility are currently 
forcing miners to reduce capital expenditure.

Indeed, productivity improvement is now fast be-
coming a key competitive differentiator and is being 
built into financial projection models. Rising energy 
costs mean this all has to be accompanied by reduced 
energy consumption and reduced carbon dioxide emis-
sions. Mine operators are also having to look to ever 
more remote and inaccessible orebodies, and dwindling 
high quality deposits. At the same time, miners must 
strive for higher workforce safety and fewer accidents. 

Added to all this is an aging workforce. In common 
with other industries, the age profile in mining is slowly 
creeping up and retiring workers are leaving with valu-
able know-how and experience. The situation is exacer-
bated by the remote and inhospitable location of many 
mines, which makes it difficult to bring in experts and 
retain and recruit competent staff. 

How can we master all these challenges? I am con-
vinced that the future of mining lies in bringing equip-
ment, systems and people together. We have to put into 
practice this idea of Mining 2.0 or Mining 4.0 or reach 
“The next level of mining” as we say in my company. 
Let me give you an impression of how automation and 
integration of information brings significant benefits.

Localization

Integration of underground communications also improves 
production efficiency: Once a communication infrastruc-
ture has been established underground and the mobile and 
fixed equipment fleet has been computerized, entirely new 
worlds of data exchange possibilities open up, as:

 ▶ The results reported by mobile equipment, such as 
online production status and reports, analyses and 
statistics, can be retrieved. Further, the location and 
status of mobile equipment can be monitored online.

 ▶ With this information, new drill plans and loading 
sequences for the production machines can be calcu-
lated and supplied in a timely manner to the opera-
tional teams underground for execution. 

For example ABB and Atlas Copco Underground Rock 
Excavation, Sweden, have developed an innovative mo-

bile integration system involving its automation plat-
form and mining machines. The solution is currently 
installed in a mine in Kvarntorp, Sweden.

Comprehensive Asset Monitoring
Failure of a critical production asset can have a cata-
strophic impact on production targets. The loss result-
ing from a main conveyer failure, for example, can run 
into hundreds of thousands of dollars per hour. 

A modern asset optimization system can help mines 
to go from reactive to predictive maintenance strate-
gies, avoiding unnecessary maintenance and reducing 
operating costs. Extended automation solutions can 
integrate modern maintenance systems from software 
suppliers. Real time data on asset conditions can then 
be used to streamline maintenance effectiveness and en-
able condition based monitoring.

In the case of the conveyer system above, if an asset 
monitor was to detect an abnormal condition, an alarm 
would be generated and the control system could slow 
the drive to reduce failure risk. Once integrated, these 
systems would connect directly into the IT systems and 
automatically raise a work order with the site mainte-
nance crew. Once the crew completes the work, the 
completion could be instantly reported, allowing the 
control system to return systems to their normal state in 
the shortest possible time.

Smart Process Management

Process optimized according to Ore  Properties

In ore-processing plants, ore properties are the source of 
the biggest uncertainties. Plants can react faster if the 
ore properties are quantified ahead of time. Extended 
automation makes this possible, as material movements 
and ore grades are tracked all the way from the mine to 
the processing plant. This information can also be used 
by process optimization controllers that use these fore-
casts to make predictive adjustments to the grinding 
and flotation circuit according to the exact known ore 
properties. The result is higher equipment utilization, 
increased recovery and lower energy consumption.

Four key areas that will enhance efficiency, responsiveness and 
 profitability across the mining value chain:

 ▶ Localization
 ▶ Comprehensive asset monitoring and control
 ▶ Smart process management
 ▶ Integrated operations and demand driven planning and scheduling
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The latest automation platforms can handle tradi-
tional process control systems, distributed control sys-
tems (DCSs), safety systems and electrical equipment 
such as drives and motors, as well as production plan-
ning, power management, maintenance, asset manage-
ment, enterprise resource planning and documentation 
systems. The system can integrate different users, live 
video, voice and public-address systems, plus Web ap-
plications and devices as well as third-party products. 

Demand-driven Planning improves  Profitability

The mining supply chain extends from the extraction of 
raw materials through the transport of products to the end 
customer. To achieve production and productivity targets, 
mining companies need to achieve high operational perfor-
mance and efficiency across supply-chain processes. Better 
integration and automation across processing plant opera-
tions, mine planning and asset maintenance/management 
will guarantee the right product is available at the right time. 
It will also make sure that customer orders are accepted only 
when the supply chain can deliver them, thus improving 
negotiating power and risk management. In addition, this 
unified view ensures that equipment maintenance can be 
scheduled to minimize impact on production schedules 
while maintaining the required level of availability.

Remote Operation Centers enable the Vision

Mines of the future will be run from remote opera-
tion centers. Data from all parts of the operation will 
flow together to allow precise management of mining 
– from rock face to end customer – and resources and 
production to be optimized across multiple sites. A rel-
atively simple example of mine/factory confluence can 
already be seen in an integrated power generation and 
coal mining company in Europe: When stock levels at 
the plant get low, an automatic message is sent to the 
fully automated mine, which digs, blends and mixes the 
coal automatically for delivery to the power station.

The Future of Mining
Practical experience e. g. in the Boliden Garpenberg mine 
makes courage. Additionally, research and development 
is going on – including all relevant topics from sensors to 
modeling, visualization and optimization. A holistic ap-
proach to the entire mining operation will feature smart 
devices and equipment as well as software that delivers 
total, real time transparency for the operators. This pro-
vides visibility of resources, intelligent smart production 
and an optimal response to critical asset conditions.

By harnessing the full potential of extended automa-
tion and by bringing people, equipment and systems to-
gether in a fully integrated environment, I firmly believe 
that mining companies can vastly improve productivity, 
workforce satisfaction and safety. The automation jour-
ney for the mining industry has just begun. Let us – all 
companies and specialists involved – embark on this 
journey to achieve joint success.

Yours, Eduardo Gallestey

Production Targets optimized according to Market 
Conditions

While some miners already have advanced process con-
trol solutions for real-time beneficiation (grinding and/or 
flotation) process management, most are unable to easily 
align this with the real-time conditions in the market. For 
instance, miners are unable to contextualize information on 
relative product pricing, data on ore and information from 
is stored in disparate systems, often in a completely differ-
ent unit from the control room operators. Convergence of 
business IT systems and process control systems will allow 
to refine the process set points to maximize financial returns 
for the current feed material and product pricing based on 
information from the sales and global pricing index.

Reduced Energy Consumption

Improvements in energy efficiency can be driven not only 
by improvements in mining processes and technologies, 
but also by greater visibility and process control across the 
value chain. For example, ventilation can consume as much 
as 50 percent of the total energy expended in underground 
activities, so a new unique method for mine-wide coordi-
nated control of fans and air regulators has been developed 
that automatically feeds air to where it is needed. Informa-
tion convergence can reduce mining energy demands in 
a number of other ways too – for example, by forecasting 
energy requirements to exploit off-peak energy, modeling 
“what-if ” scenarios for energy-intensive production steps 
and giving insight into the energy profile of a site.

Integrated Operations and Demand 
driven Planning and Scheduling

Uniting the Islands of Automation

Automation is not new to mining, but the automation 
employed in mines is generally more basic than in other 
industries and is often limited to simple control of mo-
tors, equipment or certain parts of processes. Further, 
mines tend to have a large number of independent piec-
es of equipment and systems from different suppliers. 
Each of these “islands of automation” can have its own 
data, data format and interfaces, and operators and con-
trol room staff must scrutinize a multitude of conceptu-
ally disconnected screens in order to coordinate differ-
ent parts of the process. The key to the future of mining 
lies in total integration of data and work processes.

Dr. Eduardo Gallestey
obtained a Ph.D. degree in control theory at the the University of Bremen, 
Germany. Then he joined the Australian National University, Canberra, 
Australia. In 2000 Eduardo started working at the ABB Research Center in 
Baden, Switzerland, to develop robust model-based control techniques. 
Currently, he is Head of Product Management and R&D for ABB’s Minerals 
Processing, Cement and Aluminium Product Group. He is also lecturer at 
the Swiss Federal Institute of Technology in Zurich.

Contact:  Minerals@ch.abb.com             www.abb.com/mining
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Possibilities for applying Geosynthetics for 
building new and redeveloping existing 
Bridge Abutments
Marie-Theresa van Keßel, M. Sc., and Dipl.-Ing. Hartmut Hangen, both Huesker Synthetic GmbH, Gescher, Germany

Motivation

The need for redevelopment of traffic arteries – es-
pecially of bridges – has grown steadily in the course 
of recent years as the volume of traffic has increased. 
The outcome is that extensive renovation measures or 
new structures are necessary. The present situation for 
bridge abutments is particularly critical, for this results 
in substantial costs quite apart from the fact that work 

The need for traffic arteries to be renewed is con-
siderable at present. This report provides pro-
posals for resolving challenges posed by build-
ing new bridges and renovating existing ones 
through applying geosynthetics. Geosynthetic 
reinforced supporting structures as well as sub-
soil improvements and temporary structures us-
ing geosynthetics offer economic and logistical 
advantages for building new bridges and reno-
vating bridge abutments. The report deals with 
fundamental principles and introduces current 
examples of application.

Geotechnics • Bridge building and  
redevelopment • Geosynthetics •  
Reinforced earth • Soil improvement •  
Construction operations

Fig. 1:  Geosynthetic reinforced abutment for a motorway bridge during the construction phase

has to be carried out in many cases under considerable 
time pressure as well as with constricted space condi-
tions especially in built-up areas. Innovative building 
concepts, such as the application of geosynthetics, are 
thus imperative.

Geosynthetic reinforced supporting structures af-
ford economic and logistical advantages for building 
new and redeveloping existing bridge abutments. In 
Germany the application of geosynthetics is not par-
ticularly well established for building new bridge abut-
ments and renovating existing ones in contrast to say 
the Netherlands (Fig. 1) or Japan, where a large num-
ber of structures have been successfully accomplished. 
Geo synthetics are used both for abutments for cycling, 
pedestrian or green bridges as well as for the abutments 
of motorway bridges coping with heavy traffic. In addi-
tion, geosynthetics can be applied for improving subsoil 
in the vicinity of bridge ramps. Apart from adhering to 
the relevant aspects relating to supporting capacity and 
serviceability geosynthetics facilitate accents related to 
design to be set.

This report first of all provides pointers to solving 
challenges with the aid of geosynthetics. Thereafter it 
examines building with geosynthetic reinforced earth 
(GRE) and various design alternatives for bridge abut-
ments, dealing with subsoil improvement measures in 
the vicinity of bridge abutments and the application of 
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Similarly the stability of the subsoil beneath the abut-
ment or in the vicinity of the ramp can be improved by 
using geosynthetics and frequently occurring differenc-
es in settlement between the bridge and ramp avoided.

A geosynthetic reinforced bridge abutment can be 
built layer by layer as a cushion wall without applying 
special equipment and using a restricted labour force. 
As cushion walls can be produced in a short period of 
time and subjected to load immediately after comple-
tion, they are especially suitable for setting up tempo-
rary bridges over which traffic can for instance be di-
verted while existing bridges are being renovated.

Construction Method with Geosynthetic 
Reinforced Earth for Bridge Abutments

General
GRE describes a construction method with geo syn-
thetics for securing falls in the altitude such as exces-
sively steep embankments right up to vertical support-
ing structures. In the process, geogrids and granular soil 
material are placed on each other layer-by-layer thus pro-
ducing a reinforced earth cushion wall. This construc-
tion method is contained in the “Recommendations 
for Design and Analysis of Earth Structures using Geo-
synthetic Reinforcements – EBGEO” and governed by 
them [1]. The numerous possibilities for setting up and 
designing the structure of the GRE mainly differ in the 
arrangement of the geogrids and their front design. Us-
ing the most original construction method, known as 
the wrap-around method, the geogrid is lifted up at the 
front of the wall, wrapped around and back-anchored 
in the backfill material. A mobile or also lost formwork, 
e. g. consisting of arched steel mesh enhances in the pro-
cess uniform design of the GRE front. As far as sustain-
ability is concerned, which generally is taken to span a 
period of 120 years for permanent structures, the geo-
synthetic reinforcement must be protected against UV 
rays, fire and vandalism. For steep embankments with a 
gradient of up to 60° this function can be taken over by 
greenery. The integration of vegetation mats is in this 
case possible as well as hydro seed greening, however, 
the local conditions have to be taken into considera-
tion. In this connection, the essential factor is how the 
embankment surface is exposed as well as the available 
water supply. Unreinforced natural or concrete blocks, 
pre-cast concrete elements (slabs) or full or semi ga-
bions filled with natural stone are frequently used for 
non-greened structures. For temporary structures the 
application of a sacrificial non-woven fabric in front of 
the geosynthetic reinforcement to protect against trick-
ling and UV rays is sufficient. 

In comparison to GRE structures used for other pur-
poses such as for instance, for landscaping and horticul-
ture, relatively high traffic loads predominate in the 
case of bridge abutments. The capacity for GRE struc-
tures to transfer high loads was demonstrated both in 
theory and practice. In Alexiew et al. [2] e. g. various 
international construction projects are documented. 

Fig. 2:  Setting up a bridge abutment at an operational 
railway line

geosynthetics for temporary structures. Furthermore, it 
puts forward current examples of applications.

Project Challenges and Approach for 
Solutions using Geosynthetics
Apart from the general marginal conditions relating to 
the cost framework and construction time, the renova-
tion or production of a new structure sets particular de-
mands on planning and construction engineering tech-
nology for bridges in densely populated built-up areas. 
These include in particular, the maintenance of ongoing 
traffic or the compatibility of construction methods 
with neighbouring buildings worth conserving, e. g. 
in the case of selected special foundation engineer-
ing methods (Fig.  2). As a result, vibrations or noise 
nuisance caused by heavy construction machinery can 
adversely influence adjoining buildings and sometimes 
necessitate complex additional safety measures.

When assessing various redevelopment measures, 
the sustainability of the measure in question must be 
evaluated in addition to the pure construction techni-
cal demands. This applies both to arriving at a balance 
from the ecological point-of-view as well as to a pure 
operational and economic approach. Evaluation of a 
redevelopment measure should essentially take place 
for lengthy periods of time especially given the rather 
precarious financial situation facing clients.

In order to resolve the challenges described, the 
bridge abutments themselves – Fig.  1 shows this very 
impressively for a roughly 12 m high structure on the 
A 74 motorway in the Netherlands – or merely the wing 
walls can be produced as geosynthetic cushion walls. 
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The deformation behaviour was also investigated in 
large-scale tests, which will be dealt with more closely 
in the chapter dealing with the mode of functioning. 
It appears that the GRE construction method complies 
with the requirements of compatible deformations and 
is thus also suitable for application in connection with 
bridges and their abutments.

Possible GRE Alternatives  
for Bridge Abutments
The bridge deck suspension can be applied directly on 
the GRE with the help of a foundation (Fig. 3). In this 
alternative, the GRE carries the total loads stemming 
from the structure and the traffic resulting in only low 
deformations.

The successful planning and execution of a geosyn-
thetic reinforced bridge abutment calls for sufficient 
load carrying capacity on the part of the subsoil so 
that structural deformations caused by settlements in 
the subsoil can be avoided in order to assure the struc-
ture’s serviceability in the long run. Settlements which 
occur in the earth itself can be reduced to a minimum 
by choosing a high-grade mineral mix and compacting 
this layer-by-layer, something which is essential. Gener-
ally speaking these settlements, however, dissipate en-
tirely during the construction phase so that they can be 
 neglected. 

Fig. 3:  GRE as fully functional bridge abutment

The high ductility of GRE structures represents a 
particular advantage when building in regions prone 
to seismic activity as well as with respect to the long-
term settlement behaviour. A structure is created using 
this alternative method in the case of which the bridge 
abutment and the ramp experience practically the same 
settlements. The settlement differences between the 
bridge abutment and the ramp are thus extremely small. 
Differential settlements are as experience shows a typi-
cal weak link in the interface between the structure and 
ramp and frequently result in an ongoing, pronounced 
need for redevelopment.
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borne entirely by the geosynthetic reinforcement and 
transferred into the body of earth. The dimensions of 
the bridge elements can be reduced and in this way the 
material costs minimized.

Furthermore, various special forms of the GRE were 
developed, dimensioned and applied for individual 
construction projects. Fig.  6 for instance shows  the 
soldier pile wall alternative, which was set up as a tem-
porary crossing for a main traffic artery and a rail routed 
in Switzerland (Fig. 7).

Depending on the application, load, service life and 
the available building materials a suitable alternative of 
the GRE construction method can be selected and if 
need be further developed to serve special purposes by 
dint of sufficient experience and know-how.

Mode of Functioning of  
GRE Bridge  Abutments
The mode of functioning of GRE bridge abutments 
and earth pressure absorption systems was analyzed in a 
large-scale test at the LGA Nuremberg and described by 
Alexiew et al. [2] (Figs. 8 to 10). The test stand had pre-
viously been used to examine the interaction between 
integral bridges and a geosynthetic reinforced abutment 
backfilling given different load and deformation criteria 
[3]. After completing the first test series, the GRE set 
up by the wrap-around method at a height of 4.5 m was 
exposed at the embankment front and vertically loaded. 
As shown in Fig. 8 the structure comprised nine high-
tensile geogrid layers with a high stiffness made of PVA 
(polyvinyl alcohol) each 5  m in length with a 0.5  m 
vertical gap. The fill soil possessed an angle of friction 
ranging from 40 to 45°. The wall was provided with 
extensive technical measurement facilities for the test. 
The load on the GRE was imposed directly by means of 
a hydraulic press via a concrete block. The concrete slab 
was 1.0 m wide and was set up at a distance of 1.0 m 
from the front of the GRE. 

The load on the GRE was gradually increased to a 
maximum value of q = 400 kN/m² at the start of the 
two-part test. As a result, the test load was greater by 
roughly the factor of two than the customary loads of 
ca. 200 to 250 kN/m² for bridge abutments of similar 
design. Measurement of the absolute settlements of 
the concrete block resulted in 18 mm given maximum 

Fig. 4:  Combination of drilled piles and 
GRE

Fig. 5:  GRE as earth pressure absorption system Fig. 6:  GRE as alternative to the soldier pile wall

Fig. 7:  Temporary bridge abutment to divert site traffic over a railway line and main 
trunk road in Switzerland

In cases where major supporting widths have to be 
borne and/or especially strict demands are placed on 
the structural deformations, the alternative displayed in 
Fig. 4 can be applied. The bridge’s loads are in this case 
transferred into the supporting subsoil for example us-
ing drilled piling. Primary and secondary settlements in 
the subsoil can be largely excluded in this way. By com-
bining a conventional deep foundation with the GRE 
construction method, it is possible, however – just as 
in the previously presented alternative – to desist from 
building massive wing walls or significantly reduce the 
required space for a standard embankment by produc-
ing steep embankments or vertical walls. 

The schematic presentation in Fig. 5 displays a fur-
ther GRE alternative as earth pressure absorption sys-
tem. In this alternative the bridge element and the GRE 
are not interconnected but are decoupled through a 
gap between the two components. This results in the 
bridge elements being relieved as the earth pressure is 
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load, which corresponds to a relative deformation of ca. 
0.4 % of the wall height (Fig. 9). The settlements that 
occurred during the initial load stages with absolute val-
ues of around 5 mm indicated additional compaction 
of the fill material in the upper section of the GRE, as 
a degree of compaction amounting to only 95  % had 
been attained there. Fig. 10 also displays the horizontal 
deformation of the outer skin applied over the height 
of the given sensor. The maximum deformation at the 
front of the GRE could consequently be ascertained to 
be 10 mm. In a second load test the load was further 
increased and tension of up to q = 650 kN/m² applied, 
so that the hydraulic press’s capacity was completely 
exhausted. Crack formation on the concrete block was 
observed from tension of q  =  500  kN/m². Cracks in 
the soil material behind the concrete block, indicat-
ing failure of the system, were visible given tension of 
q = 500 kN/m². Further details relating to the test set-
up, measurement technology and resultant evaluation 
as well as a numerical model for recalculating the test 
are explained at length by Alexiew et al. [2].

To sum up, the large-scale test indicates that both 
the stability as well as the serviceability of a bridge 
abutment built by the GRE method can be verified for 
customary bearing stresses of up to q = 250 kN/m² and 
that substantial safety reserves are available. 

Fig. 8:  Set-up of a large-scale test to establish the mode of functioning of the GRE construction method [2]

Fig. 9:  Beam settlements established in large-scale test dependent on the load [2]

Subsoil Improvements  
with  Geosynthetics

It is essential to avoid major settlement differences 
between bridge abutments and bridge ramps. This 
demand must not be neglected neither for driving 
dynamic reasons nor regarding the sustainability of 
the entire structure. Settlement differences represent 
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a well-known problem complex particularly during 
construction measures in soils prone to settlement. As 
previously described, the dead weights of the bridge 
structure and the traffic loads are normally transferred 
through deep foundations in such cases so that practi-
cally no settlements result. The subsoil in the vicinity of 
the ramp must as a result also be adequately improved 
so that unacceptable settlement differences are avoided. 

Apart from a large number of conventional subsoil 
improvement methods in such cases a pile foundation 
with a geosynthetic reinforced soil cushion can represent 
an appropriate alternative to the classical replacement of 
soil. This construction method was applied for the bridge 
ramp for the Bindlach Bypass in Bavaria (Fig. 11). Dur-
ing this project it was necessary to construct an overpass 
above a railway line. The ground conditions in the vi-
cinity of the overpass are largely characterized by peats 
prone to settlement and cohesive covering layers. As is 
discernible in Fig. 11, the bridge abutment was built as 
a reinforced concrete structure set on drilled piles. Pre-
cast concrete piles were arranged in a quadratic grid to 
set up the bridge ramp, with the grid dimensions and 
cross-section optimized in keeping with the dam height. 
After pile caps had been produced using in situ concrete, 
a geosynthetic reinforcement was laid, which transfers 
the loads between the vertical support links in the form 
of a membrane and sustains horizontal expansions in the 
embankment area of the up to 10 m high fill.

Geotextile encased columns (GEC) represent a fur-
ther alternative for improving the subsoil beneath dam 
structures in the case of extremely soft or even organic 
soils. Further details relating to this innovative founda-
tion method are for instance to be found in [4].

Temporary Structures  
with  Geosynthetics
Geosynthetics can also be used for temporary structures 
as well as for directly producing bridge abutments and 
soil improvement. They can offer enormous advantages 
for instance when setting up working platforms.

This was revealed to a particular extent during the 
building of the so-called South Bridge in Riga, Latvia. 
It was necessary for establishing the river piers to set up 
a working platform in the river [5, 6]. With the aid of 
geosynthetic hoses it was possible to create a roughly 
2.8  m high sluicing field surround in the river bed, 

Fig. 11:  Bridge ramp on piles with geosynthetic reinforcement for transferring loads 
between the piles for the Bindlach Bypass in Bavaria

Fig. 12:  Cross-section of the working platform for building the South Bridge in Riga, Latvia

Fig. 10:  Outer skin deformations established in the large-scale test from the test body 
height [2]
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which was filled with locally won river sand in a second 
step (Fig.  12). Furthermore, a geosynthetic concrete 
mat was provided as protection against erosion for 
the side of the working platform targeted by the river 
current. After laying a horizontal reinforcement layer 
against the supporting layer the working platform’s 
bearing capacity was sufficiently large to sustain the 
working loads of the major drilling rigs required to pro-
duce the piles (Fig. 13).

Examples of Applications of the GRE 
Method for Renewing German Roads

Upgrading the A3 Motorway between 
Frankfurt and Nuremberg: Temporary 
Bridge over the B 19
The revamping of the hub between Würzburg-
Heidings feld and the Randesacker Main Bridge repre-
sents one of the many sophisticated structures, which 
were built in conjunction with expanding the BAB A 3 
federal motorway in Germany between Frankfurt and 
Nuremberg at a cost of 221 million euros to accom-
modate six lanes [7]. The traffic statistics visualized in 
Fig. 14 indicates that the volume of traffic has increased 
by over 300 % in this region in the course of the last 40 
years, thus making it necessary to upgrade the route to 
ensure a smooth flow of traffic. 

An elementary prior condition for accomplishing 
the main activities such as building the viaduct and 
the Katzenberg Tunnel, was revamping the Würzburg- 
Heidingsfeld hub. This called for the production of 

Fig. 13:  Photo of the working platform for creating bridge piers in the River Daugava 
for the South Bridge in Riga, Latvia

what is now a four-lane bridge to carry the B 19 federal 
highway over the federal motorway. As the new struc-
ture’s axis could not be relocated, it was essential that 
traffic was diverted over a temporary bridge during the 
construction period (Fig.  15). The GRE method was 
selected for this purpose.

The Ingenieurbüro für Geotechnik Urbanski and the 
Nacken GmbH were commissioned to undertake the 
planning and execution of the up to 8.5 m high bridge 
abutments. These abutments consisted of individual 

Fig. 14:  Development of traffic volume on the BAB A 3 federal motorway in the North Bavarian Directorate [8]
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Fig. 16:  Cross-section of the temporary bridge with geogrid reinforced cushion wall on the B 469 [9]

Fig. 15:  Developing the A 3 motorway between Frankfurt and Nuremberg: temporary traffic flow via the B 19 in the direction of Stockstadt [7]

wrapped-around geogrids with a maximum short-term 
tensile strength of 110 kN/m, which were placed above 
one another at a vertical gap of 0.50 m. The structure’s 
frontal inclination was planned to be 80° and was ex-
ecuted using arched steel girders, located at the front of 
the GRE.

In the interim, traffic is running on the newly created 
structure so that the temporary bridge could be com-
pletely removed within the space of only a few days after 
serving its purpose for several months.

Redeveloping and Expanding the Bridge at 
Großostheim on the B 469

According to information provided by the Aschaf-
fenburg Building Office the federal highways in the 
Aschaffen burg region in Germany are greatly burdened 
by the conurbation areas around Frankfurt in the 
north-west and Stuttgart in the south. Thus the highest 
priority was accorded to maintaining the flow of traf-
fic by redeveloping and expanding the bridge over the 
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former railway line at Großostheim on the federal high-
way B 469 to cope with two lanes.

The former railway bridge had to be demolished 
in two stages, with traffic from the affected half of the 
road diverted over a temporary bridge. This sophisti-
cated task was carried out by the companies Joseph Stix 
GmbH & Co. KG and Adam Hörnig Baugesellschaft 
mbH & Co. KG. 

An interesting alternative with regard to time ef-
ficiency and handling was selected for accomplishing 
the temporary bridge’s superstructure. This consisted 
of five individual prefabricated modules each 21.0  m 
long and 1.5 m wide, which were placed on the bridge 
abutments comprising a geosynthetic reinforced cush-
ion wall. Reinforced concrete precise blocks above the 
geogrid reinforced cushion wall [9] in this case served 
as support beams for the individual modules (Fig. 16). 
The 25 t heavy components were transported by truck 
to the site and hoisted one by one onto the abutments 
via a crane. The individual elements were attached to 
one another by steel tenons. A functioning road surface 
is already integrated in the modules (Fig. 17). Work on 
the bridge elements was completed within a few days. 
The building of the geosynthetic reinforced supporting 
structures was accomplished using conventional earth 
construction equipment within a few days so that di-

verting the traffic and demolition of the first half of the 
former railway bridge could be tackled quickly. 

After completing work on the new railway bridge in 
July 2016, demolition of the temporary bridge will also 
be undertaken quickly.

Fig. 17:  Placing a bridge module for the B 469 temporary bridge
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Erdkörpern mit Bewehrungen aus Geokunststoffen – 
EBGEO. 2. Auflage, Verlag Ernst und Sohn, (2010)

[2] Alexiew, D.; Detert, O.: Analytical and Numerircal Anal-
yses of a Real Scaled Geogrid Reinforced Bridge Abut-
ment Loading Test, EuroGeo4, (2008)

[3] Pötzl, M.; Naumann, F.: Fugenlose Betonbrücken mit 
flexiblen Widerlagern. Beton- und Stahlbetonbau, 100. 
Jahrgang, Heft 8, S. 675 - 685. (2005)

[4] Alexiew, D.; Raithel, M.; Küster, V.; Detert, O. (2012):  
15 years of experience with geotextile encased granular 
columns as foundation system. Proceedings of TC 211 
Recent Research, Advances & Execution Aspects of 
Ground Improvement Works, IS-GI Brussels, (2012)

[5] Alexiew, N.: A Case History of a Working Platform 
in the River Daugava Exposed to a Storm Surge, Inter-
national Symposium on Geotechnical Engineering, 
Ground Improvement and Geosynthetics for Human 
Security and Environmental Preservation, Bangkok, 
Thailand, (2007)

[6] Herold, A.; Gaisin, R.; Arhipenko, H.; Hangen, H.: Con-
struction of bridge approach embankments for Riga’s 
South Bridge: Case study. 11th Baltic Sea Geotechnical 
Conference, Poland, (2008).

[7] Autobahndirektion Nordbayern: Abschnitt AS Würz-
burg-Heidingsfeld – westliche Mainbrücke Randersacker 
BAB A3 Nürnberg – Frankfurt, 6-streifiger Ausbau. Bür-
gerinformation in Würzburg am 29.07.2014

[8] Autobahndirektion Bordbayern: Verkehrsentwickelung, 
www.a3-wuerzburg.de

[9] Kirchner, A.; Kempfert und Partner: Statische Berech-
nung, Erneuerung der ehemaligen Bahnbrücke bei 
Großostheim, (unveröffentlicht), (2015)

Summary and Conclusion

Geosynthetics can contribute towards solving challeng-
es encountered during the building of new bridges and 
redeveloping existing ones.

This report concentrates on the GRE (geosynthetic 
reinforced earth) construction method, which must be 
individually conceived for each project taking the given 
demands relating to load transfer, the available con-
struction materials and the purpose and duration into 
consideration. The GRE construction method is espe-
cially suitable for temporary bridges for maintaining 
the flow of traffic while redevelopment work is carried 
out on existing structures. Extensive findings obtained 
so far from geosynthetic reinforced supporting struc-
tures in conjunction with projects in various countries 
indicate, however, the GRE method can be an equally 
ecologically advantageous alternative, which also saves 
costs and time, to conventional construction methods 
for permanent structures. Apart from securing falls in 
the altitude and setting up abutments and ramps in-
cluding subsoil improvements, geosynthetics can sub-
stantially contribute to the rational execution of work-
ing platforms and temporary structures.
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Mechanism: Justification and Evidence
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Dr Paul McCombie, University of Bath, Bath, United Kingdom 

1 Introduction

Design methods for reinforced soil structures are nor-
mally divided into two stages: external stability which 
defines the overall dimensions of the structure and in-
ternal stability which determines the layout of the rein-
forcement (i. e. grade and vertical spacing). This paper 
examines the method of calculation used for internal 
stability. In most published design methods for geosyn-
thetic reinforcement, this is carried out using a method 
called tie-back wedge, which assumes a single critical 
failure mechanism, normally defined either by Rankine 
or Coulomb, as shown on Fig. 1 (left). Due to this sim-
ple approach, many assumptions and simplifications are 

Design methods for reinforced soil structures are normally divided into: external stability (defines struc-
ture dimensions) and internal stability (determines reinforcement layout). This paper examines a meth-
od of calculation which has been developed for the internal stability check based on a simple two-part 
wedge mechanism. The wedges are defined by a first plane across the width of the reinforced soil zone, 
and a second plane upwards through the retained backfill. Reinforcement intersected by the first wedge 
contributes to the equilibrium of forces. A large family of two-part wedges is defined, and sufficient re-
inforcement must be provided to ensure that all can achieve equilibrium without overloading the rein-
forcement. Extensive experience of using this technique indicates that the critical two-part wedge in an 
efficiently designed structure will normally be defined by a line crossing the reinforced soil zone at about 
45°, then extending through the backfill at the Coulomb angle. If seismic inertia forces are added, then the 
angles of both wedges will become less steep. The two-part wedge mechanism is compared with more 
comprehensive stability analyses, as well as observed behaviour in shaking table tests on small-scale re-
inforced soil walls.

Geotechnics • Reinforced soil • Geosynthetics • Calculation • Stability • Design method

Fig. 1:  Mechanisms used to check internal stability: tie-back wedge (left) and two-part wedge (right).

required in order to carry out the calculation, some of 
which may lead to uncertainty and over conservatism. 
These issues are discussed in detail by Dobie [1].

Whilst the assumption of a single critical mechanism 
is satisfactory for a uniform homogenous soil mass, once 
reinforcement is included the new critical mechanism 
may well lie partly behind the reinforcement, and its lo-
cation cannot be predicted without a method of analy-
sis which searches for the worst case. This is called the 
two-part wedge method, as depicted on Fig. 1 (right), 
which shows families of failure planes crossing the rein-
forced soil zone. The continuation of each mechanism 
would be a plane through the retained fill at an angle 
close to the Rankine angle. The purpose of this paper is 
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soil has strength given by φ′  =  34°. The first extreme, 
such that the critical mechanism is known by inspec-
tion, is the case where the reinforcement strength (Ta) 
is zero. In this case the critical failure mechanism is giv-
en by Rankine, and is a single wedge with base angle = 
45 + φ′/2 = 62°. The second extreme is the case when 
the reinforcement has infinite strength (and pull-out 
capacity), so that the critical mechanism consists of a 
two-part wedge crossing the reinforced soil zone at an 
angle such that it is just bounded by the first layer of re-
inforcement, then continuing through the retained fill 
at the Rankine or Coulomb angle (depending on the 
angle of wall friction assumed).

For any finite value of reinforcement strength be-
tween these two extremes, the critical mechanism must 
also fall between these two extreme mechanisms.  It can 
further be seen that as reinforcement strength becomes 
lower, the angle of the wedge crossing the reinforced 
zone becomes higher. Therefore in the case of very low 
reinforcement strength, the critical mechanism may well 
be a single wedge entirely within the reinforced soil zone.

There is one more case which can be determined 
by inspection, and this is when the reinforcement is of 
infinite length, but finite strength. Because the contri-
bution to stability from the reinforcement is the same 
for all wedge angles, then a single wedge at the Rankine 
angle must again represent the critical mechanism.

A practical example of the single wedge being criti-
cal may be seen in the trial reinforced soil retaining 
walls reported by Bathurst et al. [2]. A series of walls 
3.6  m high were built then surcharged until a critical 
condition was reached. In the case of the wall with 
lowest strength reinforcement (6 layers with long 
term strength of Ta = 1.95 kN/m only), a single criti-
cal wedge was identified at about 63° to the horizontal. 
For the compacted sand fill used, φ′ is reported as 44°, 
which, combined with the facing angle of 8° from verti-
cal, gives a critical (unreinforced) wedge angle also of 
about 63°. In fact in this situation, with such a high φ′ 
and relative low angle facing, the value of Kah (horizon-
tal component of the active earth pressure coefficient) is 
only about 0.12, which is very low indeed, such that the 
demand for reinforcement is also low. The L/H ratio for 
the trial walls was 0.7, so it is almost inevitable that the 
observed critical mechanism was a single wedge at an 
angle given by Coulomb.

From the discussion above it is clear that the critical 
failure mechanism for a given reinforced soil retaining 
wall cannot be decided in advance, and can only be es-
tablished by searching a large number of possible mech-
anisms. It would appear that the two-part wedge ap-
proach, as shown in Fig. 1 (right) offers good potential.  
This potential is examined in the following sections, 
firstly based on stability analysis, and then secondly by 
examining results from shaking table tests.

3 Evidence from Stability Analysis
Stability analysis provides an opportunity to examine 
likely failure mechanisms for reinforced soil retaining 

Fig. 2:  Default failure mechanisms

Fig. 3:  Possible non-circular failure mechanisms

to examine the likely and actual failure mechanisms for 
reinforced soil retaining walls and provide justification 
and evidence as to why this approach is far more realis-
tic than tie-back wedge. 

2 Examining extreme Cases
For a simple reinforced soil retaining wall there are 
two extreme conditions where the critical mechanism 
is known in advance of calculation, as indicated on 
Fig.  2. Fig.  2 shows a hypothetical case of a vertical 
retaining wall with uniformly spaced reinforcement 
all of the same strength, and a typical L/H ratio. The 
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walls. This could be done using slip circles, in which 
case it is relatively easy to set up a search routine such 
that a large number of possible failure surfaces are ex-
amined in order to find the surface giving the lowest 
factor of safety. Such search routines are common and 
work very well in many situations, but of course the 
only possible mechanism shape is a circle, and based on 
the preceding discussion, this may well not be appropri-
ate for reinforced soil retaining walls.

In order to make the search more general, it is necess-
ary to use a search based on non-circular surfaces. Fig. 3 
shows the section of a typical reinforced soil retaining 
wall with complex geometry and surcharges. By pref-
erence a search technique would be able to start with 
a random surface as shown, in this case formed using 
13 short straight line segments. The search would then 
adjust the arrangement of the segments, until a surface 
was found giving the lowest factor of safety. With a 
large number of segments, this means that pretty-well 
any shape could be found, for example a circle, or a spi-
ral or a straight line as depicted on Fig. 3.

The Simple Genetic Algorithm (SGA) allows such 
a search to be carried out with a range of slope stabil-
ity analysis methods, both circular [3] and non-circular 
[4, 5]. For this investigation, the search uses Janbu’s 
method [6]. A population of potential mechanisms 
is randomly generated using a framework designed to 
give only feasible mechanisms. This population is then 
evolved, using processes which mimic natural selection.

Each step in the evolutionary process gives a new 
generation of mechanisms which becomes progres-
sively better in terms of the chosen definition of fit-
ness, the lowest factor of safety in this case. Because the 
method works with a population rather than a single 
mechanism, it can search for critical mechanisms in sev-
eral places at once, and is ideally suited to the problem 
described here, in which one cannot know in advance 
which of the types of mechanism shown in Figs. 2 and 
3 will turn out to be critical.

Fig. 4 shows the results of applying the Simple Ge-
netic Algorithm to a typical vertical reinforced soil re-
taining wall, 6 m high and with a steel mesh facing so 
that the facing has negligible influence on the resulting 
design. This is an important factor – concrete block-
work facings provide a substantial part of the retaining 
function in themselves, especially for low walls, and 
there is a danger that experimental results become al-
most completely useless as assessments of the reinforced 
soil. The fill is sand with φ′ = 34°. The wall was initially 
designed using the two-part wedge method, with partial 
factors as per AASHTO/LRFD [7] (background given 
by Dobie [1]) and the resulting design is very efficient, 
using two grades of reinforcement at a constant verti-
cal spacing of 0.5 m. The geometry was exported to the 
stability program, and the SGA was set up with a wide 
range of entry points and angles, and exit points and an-
gles, using 15 line segments. Fig.  4 (above) shows the 
initial population of random surfaces set up by the SGA. 
The middle image shows how the population of surfaces 

Fig. 4:  Simplified genetic algorithm process: populate 
(above), analyse and hunt (middle) and find critical 
non-circular surface (below)
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has become concentrated in the region giving the lowest 
factor of safety, and the lower image shows the critical 
surface, which is a perfect two-part wedge, despite the 
fact that it consists of 15 short segments.

A further investigation was then carried out to show 
the effects of seismic conditions; this shows that the 
two-part wedge mechanism is again found to be criti-
cal, but with the bases of the wedge sloping further back 
than in the static case, as shown on Fig. 5.

4 Evidence from Shaking Table Tests
In order to generate loading conditions approaching 
failure in reinforced soil structures and therefore suit-
able to investigate the failure mechanism, one approach 
is to apply a high surcharge under static conditions, as 
was done for the test walls reported by Bathurst et al. 
[2]. An alternative approach is to apply seismic loading 
using a shaking table.

Bowman et al. [8] report the results of shaking table 
tests carried out on one of a series of 1 : 5 model-scale 
reinforced soil retaining walls at the University of Can-
terbury in New Zealand. The model represents a 4.5 m 
high wall, with model dimensions as shown on Fig. 6, 
and with a width of 800 mm. A sand fill was used with 
φ′cv = 31° and the facing represents a full height rigid 
panel. The total model, with a weight of approximately 

Fig. 6:  Development of shear bands in a model-scale reinforced soil retaining wall subject to seismic shaking up to 0.7 g

Fig. 5:  Critical mechanism under seismic loading
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3 tonnes, was shaken in a series of stages of increasing 
acceleration. The excitation consisted of a sinusoidal 
motion in the horizontal plane at 5 Hz for 50 cycles per 
stage. The acceleration used for each stage increased in 
steps of 0.1 g, until displacement at the top of the facing 
exceeded 100 mm.

During the testing, a special high speed camera was 
used to record images of the area indicated on Fig. 6, at 
the mid-height of the back of the reinforced zone. The 
images were analysed using a technique called particle 
image velocimetry (PIV) which permits the tracking of 
displacement fields, and the development of shear bands. 
The images shown in the lower part of Fig. 6 show the 
accumulated shear strain, with the full scale bar on the 
right representing 40 %. It can be seen from these im-
ages that the location of the shear bands is controlled 
by the ends of the reinforcement layers, although at the 
lower acceleration levels, these bands are not part of a 
complete failure mechanism. Failure occurred at 0.7 g, 
and the mechanism consisted of a shear plane extend-
ing across the width of the reinforced soil zone below 
the lowest layer of reinforcement, then up through the 
retained fill at an angle of 35 to 41° to the horizontal.

5 Discussion and Conclusions
In calculating the internal stability of reinforced soil 
retaining walls, a large family of two-part wedges is de-
fined, and sufficient reinforcement must be provided to 
ensure all can achieve equilibrium without overloading 
the reinforcement.

Examination of extreme cases indicates that the lo-
cation of the critical two-part wedge may vary widely, 
depending on the strength of the reinforcement rela-
tive to the fill. In a situation where all other features 
and loadings are fixed, as the fill becomes stronger (i. e. 
φ′ becomes higher), the demand for reinforcement re-
duces and the angle of the wedge which crosses the re-
inforced soil zone becomes steeper. In the case of very 
high strength fill, the critical two-part wedge may well 
reduce to a single wedge entirely within the reinforced 
soil zone, but such a situation is generally considered to 
be unlikely, unless the reinforcement is relatively long 
for some unrelated reason.

Under normal design conditions, extensive experi-
ence of using this technique indicates that the critical 
two-part wedge in an efficiently designed structure will 
usually be defined by a line crossing the reinforced soil 
zone at about 45°, then extending through the back-
fill at the Coulomb angle. If seismic inertia forces are 
added, then the angles of both wedges will become less 
steep. The two-part wedge mechanism is compared 
with more comprehensive stability analyses, which re-
sult in the same shape of critical failure surface.  Shaking 
table tests on model-scale reinforced soil retaining walls 
also provide evidence that the critical failure mecha-
nism is very close to being a two-part wedge, controlled 
by the location of the reinforcement.

The two-part wedge approach is straightforward 
to apply, requiring no empirically derived factors to 

achieve a correspondence with observed experiments or 
more complex methods of analysis. This transparency 
and accuracy means that it can be used with confidence 
in designs which do not replicate instrumented experi-
mental structures; in contrast, the more empirical fac-
tors are used in a design approach, the less confidence 
a designer can have in extrapolating beyond established 
practice. The two-part wedge method has allowed very 
large structures to be designed and built around the 
world, which have performed well both in normal use 
and in extreme seismic conditions. This success has been 
critically dependent upon the transparency of the meth-
od. The comparisons examined here have shown that 
this success is due in no small part to the fact that the 
mechanisms being considered represent what actually 
occurs in real reinforced soil walls.
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Creative geotechnical Solutions for 
 Renovating the Dresden Old Masters 
 Picture Gallery in the Zwinger
Part 3: Extending the Tunnel for an underground Museum 
Passage
Dipl.-Geol. Annett Geppert and Dipl.-Ing (FH) Jens Jähnig, Jähnig GmbH, Dorfhain, Germany

 General

As already described in Part  1 and 2 of this report 
[1, 2, 3, 4], the Jähnig GmbH located in the Dresden 
region was commissioned to carry out geotechnical 
work for redeveloping the Old Masters Picture Gallery 
in the east wing of the Semper House at the Dresden 
Zwinger. Part  1 contains general information about 
the redevelopment project carried out by the Sächsis-
che Immobilien- und Baumanagement SIB, which is 
undertaking a gradual renovation of the Dresden Old 
Masters Picture Gallery in the Zwinger in conjunction 
with the Staatliche Kunstsammlungen Dresden and 
explains the creation of a pile foundation for a new 
freight elevator.

Renovating the Old Masters Picture Gallery in the 
east wing of the Zwinger in Dresden also repre-
sents a sophisticated task in geotechnical terms. 
Part  3 of this report deals with execution of an 
enlargement and lengthening of a tunnel ac-
complished by trenchless means. It is intended 
to serve as an underground museum passage for 
visitors to the Picture Gallery. Special challenges 
were presented by the tricky subsurface, conser-
vation, ongoing museum operations and existing 
pipelines and cables.
Geotechnics • Tunnelling • Conservation • 
 Redevelopment • Construction operation • 
Construction equipment

Fig. 1:  Section through the tunnel structure
                Source: Designer Sunder-Plassmann Architekten and SIB NL D1, supplemented and modified by Geppert, Jähnig GmbH
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 ▶ A consolidated earth zone created by grouting  
(please see Part 2 [3, 4])

 ▶ Ceiling comprising steel girders (centre distance 
0.60 cm, additionally temporarily supported during 
the construction phase) and reinforced shotcrete

 ▶ Walls: back-anchored (centre distance 1.20 m, three 
layers) and two layers of shotcrete (reinforced layer 
and compensating layer)

 ▶ Walls and floor: watertight concrete structure

The consolidated earth zone was produced by the Jäh-
nig GmbH, which also was responsible for the demoli-
tion work as well as the ceiling, back-anchoring and the 
shotcrete layers in the wall areas (Fig. 2).

Executing Construction

Special marginal Conditions
If at all possible the museum was to remain open while 
building was in progress – as was also the case when 
the construction measures carried out in Parts  2 and 
3 were being executed. This meant that all lines and 
cables in the constricted installation passage had to re-
main functional. Figs. 1 + 2 show how narrow the gap 

Fig. 2:  Section through the tunnel structure with the performances provided by the Jähnig GmbH shown in red
                Source: Designer Sunder-Plassmann Architekten and SIB NL D1, supplemented and modified by Geppert, Jähnig GmbH

A tunnel in the east wing’s cellar will in future be 
integrated in the Picture Gallery providing a comfort-
able underground passageway for visitors. Part 2 of the 
report concentrated on the difficulties posed by the soil 
and the resultant  grouting measures applied to improve 
the ground. Part 3 deals with the trenchless execution 
for the required tunnel expansion and lengthening.

Tunnel Structure
The tunnel roughwork for the visitors’ passageway 
possesses a clear width of 3.90 m and a clear height of 
2.90  m over its complete length of 11  m (Fig.  1). As 
previously indicated in Part 2, the 1.50 m wide passage, 
which had to be expanded and lengthened, was located 
directly below the Picture Gallery’s entrance zone. The 
Gallery remained open for visitors throughout the con-
struction phase (Fig. 2).

As the ceiling of the new visitors’ passageway is lo-
cated directly beneath the floor of the ground storey, 
it must as a result bear all loads from this zone in the 
conserved building and transfer these into the ground 
– also directly during the construction phase. The cho-
sen design is shown in Fig. 1 and contains the following 
components:
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was between the museum visitors and ongoing activity. 
The expansion had to take place by trenchless means on 
account of the exposed location and noise and dust nui-
sance had to be avoided as far as possible.

Conservation, museum operations, the constricted 
construction zone, poor accessibility in the tunnel zone 
and the need to comply with planning requirements 
posed special demands on construction management 
when expanding the tunnel. These priorities also gov-
erned the logistics and the choice of construction ma-
chinery and equipment. 

Construction Site Installations
A roughly 80 m long air hose led from the compressor 
on the yard in front of the building to the point of utili-
zation to provide the compressed air for the drilling and 
shotcreting operations. The electricity and water for the 
project were made available close to where construction 
was going on thanks to good site management. 

A ventilation system was set up designed to avoid 
dust and spray deposits in the museum rooms and  an-
noyance to museum visitors. This forced ventilation 
system removed particles  releasing them into the open. 
Dust protection doors on site also prevented dust from 
penetrating.

Demolition and Support Work
Work started in February this year. The surveyors estab-
lished the tunnel axis ad marked this on the ceiling of 
the passageway that had to be expanded. The markings 
served to work out the required profile and to check 
accuracy.

The drive took place in 60  cm lengths of advance. 
First of all, the walls were perforated all-round in keep-
ing with the intended lengths of advance. This facili-
tated the subsequent excavation as the individual seg-
ments could be cleanly separated. 

The excavated material could not be transported 
from the building by mechanical means. There was only 
limited space available close to the tunnel for temporary 
storage. The disposal process thus turned out to be a 
special logistical challenge. In addition, the cable ducts 
required to enable the museum to remain operational 
also had to be maintained in the working area. This 
called for particular protective measures and relocating 
the lines and cables on a daily basis so that work could 
progress without the utilities being damaged (Fig. 3).

The existing masonry and the grouted soil behind it, 
temporarily consolidated to increase its strength, were 
excavated using an electro-hydraulically operated mini-
excavator fitted with a demolition hammer (Figs. 4 + 
5). This mini-excavator was specially devised for closed 
premises based on ecological and economic aspects. 
It was ideally suited for the prevailing conditions [5]. 
The electro-hydraulic drive ensured that practically no 
emissions were produced in the working area. The drive 
unit can be separately attached to the excavator, which 
makes the machine highly flexible when used inside. 
The compact machine with a 360° radius of movement 

Fig. 3:  Constricted space conditions in the construction field with artificial light,  
operational cable duct and ventilation

                 Source: Jähnig GmbH

Fig. 4:  Demolition work with electro-hydraulically operated mini-excavator
                Source:  Jähnig GmbH

Fig. 5:  Efficient demolition with flexible and targeted positionable demolition hammer
                 Source: Jähnig GmbH
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As a result, a temporary intermediate support was re-
quired until the intended height of the tunnel floor was 
attained.

A special aspect was encountered when work on ex-
cavating the west end of the tunnel started. A historic 
barrel vault had to be intersected. In this zone, the 
excavation activities had to be undertaken with great 
care and sensitivity. Vault shuttering was applied as an 
additional safety measure. During the excavation the 
vault had to be prevented from collapsing when the un-
derlying walls, which formed the vault abutment, were 
removed. Outstanding cooperation among the parties 
involved substantially contributed to this challenge be-
ing successfully resolved. 

The drive progressed according to a standard pro-
cedure. The sides were shaped in 60 cm steps and then 
the ceiling girders installed. The steel girders were po-
sitioned with the help of a freight hoist and set in the 
thick bed of mortar against the existing structure. Im-
mediately afterwards the ceiling was reinforced and se-
cured with dry-sprayed shotcrete (Fig. 6).

The statics foresaw an additional back-anchored sup-
port for the sidewalls at gaps of 1.20 m, in other words 
in every second segment, to increase stability. Injection 
piles [6] were chosen as reinforcement elements. These 
were drilled in a single working step and dynamically 
grouted with cement suspension. In this way, infiltra-
tion anchoring between the grouted zone and the sur-
rounding ground was created.

The piles were produced by means of a drilling 
crawler [7] (Fig.  7). Thanks to its compact mode 
of construction it was ideal for this special task – as 
had previously been the case for creating the injec-
tion ports [3, 4]. The drilling unit had been modified 
and provided with an electro-hydraulic drive to avoid 
exhaust gases – along the lines of the mini-excavator, 
used for the excavation. In addition, a particularly 
short  frame was installed so that the desired pile posi-
tion could be produced with absolute accuracy even 
close to the ceiling.

The work was executed in day and night shifts. As 
already successfully practiced during injection opera-
tions, all jobs that resulted in noise, such as demolition 
and drilling the back-anchorage, were undertaken at 
night. During the day, the girders were installed, rein-
forcing work carried out and shotcrete produced – the 
first layer prior to installing the anchors, the second 
layer immediately thereafter. In this way, disturbances 
to museum operations were avoided. Furthermore, the 
excavated material initially was only moved to the inter-
mediate storage point close to the tunnel. The day shift 
then transferred the excavated material from the night 
manually through long cellar passageways in the east 
wing and then to the surface using electric wheelbar-
rows. Altogether, around 130 m³ of earth and remains 
of masonry had to be demolished and removed.

In April 2015, the Jähnig GmbH completed the con-
struction work for the tunnel expansion. Fig. 8 shows a 
view of the expanded and lengthened tunnel and Fig. 9 

Fig. 6:  Securing the ceiling by placing dry-sprayed shotcrete
                 Source: Jähnig GmbH

Fig. 7:  Producing the injection piles to back-anchor the tunnel walls
                 Source: Jähnig GmbH

as the superstructure could rotate unrestrictedly facili-
tated continuous operation in spite of the severely con-
fined space conditions. Furthermore, the low-vibration 
mode of operation contributed to mastering the tricky 
marginal conditions.

The tunnel could not be deepened in one working 
stage and this part of the expansion scheme was ex-
ecuted in two sections. This was due to the restricted 
range of the mini-excavator with demolition hammer, 
which had to be used owing to a lack of available space. 
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a section of the secured ceiling area with temporary 
support and the wall supported with anchors and rein-
forced shotcrete.

Summary and Outlook
The Jähnig GmbH was able to master the special chal-
lenges and execute the commissioned work with suc-
cess. The decisions that were taken to design the struc-
ture, select the machines, the logistics, executing work 
and constructive cooperation with other parties in-
volved in the project all contributed to this success. The 
demands relating to conservation and ongoing museum 
operation with around 400,000 visitors per year were 
fulfilled. No damage was caused to the historic build-
ing; no deformations affecting the building resulting 
from the tunnel expansion project were established.

In the interim, the watertight concrete structure has 
been produced after the Jähnig GmbH had expanded 
and lengthened the tunnel. The other activities de-
signed to create a modern museum are continuing. It 
is planned to complete redevelopment of the east and 
west wings by 2017. Thereafter, museum visitors will be 
able to reach the other side of the Semper Gallery more 
comfortably from the west wing with admission area 
and cloakroom as SIB project manager Holger Krause 
explained to the Sächsische Zeitung daily [8, 9]. After 
all, both visitors and the works of art should profit from 
the redevelopment scheme.

The Jähnig GmbH as a company based in the Dres-
den region was able to contribute towards the success of 
this ambitious extensive project.
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Albabstieg: Tunnel Fire Service  
is ready for Action
Andreas Behr, Head of the Main Rescue Centre for the Saar Mine Rescue Service, Saarbrücken, Germany
Ass. d. Bergf. Martin Rauscher, Member of the Deputy Management, Competence Centre for Emergency Prevention, BG RCI 
 (Accident Insurance Prevention Institution of the Raw Materials and Chemical Industry), Hohenpeißenberg, Germany

Introduction

The Tunnel Albabstieg JV tunnel fire service demon-
strated its preparedness in impressive fashion during 
a drill on June 16, 2015. This drill took place in con-
junction with the Ulm fire brigade. The JV’s tunnel fire 
service was contacted at 5.00 pm: an excavator ablaze in 
the east bore of the Albabstieg tunnel construction site, 
two men missing.

After a short time two tunnel fire service teams had 
rigged themselves out at the watch on the surface and 
were ready for action with their 4h breathing appara-
tus (Type MSA AirElite 4h) and their orange-coloured 
flameproof protective clothing. The division passed 
through a “secure area” to the deployment post in the 
tunnel and commenced rescuing the missing persons 
and combating the blaze. They were supported dur-
ing their drill by a division from the Ulm fire brigade. 
This division was equipped with the conventional com-
pressed air respiratory units used by fire services provid-
ed with twin cylinders and blue work gear (Fig. 1). The 
two missing persons were rescued and the fire success-

The establishment of tunnel fire services for in-
volvement in tunnels is new. This became neces-
sary as fire brigades in Germany are not appropri-
ately trained and equipped and the members of 
the force lack the necessary underground experi-
ence. As a result, they cannot properly cope with 
incidents involving fires on tunnel sites. In addi-
tion, there is the penetration depth restricted to 
200 m from the “smoke limit” based on a directive 
from the Land of Baden-Württemberg currently 
under preparation. The establishment of tunnel 
fire services is following a new but also correct 
path. 

This report describes the setting up and or-
ganization of such novel tunnel fire brigades, 
which are based on the concept of the mine fire 
services that have been successfully established 
in German mining for decades.

An approach by the regional government that 
merely foresees the setting up of an initial re-
sponse is examined critically for this would signify 
a decisive climb-down from the actual situation 
presented here.

Tunnelling • Tunnel fire service • Rescue •  
Fire protection • Training • Safety 

fully combated.  It was quite evident after the men came 
out of the tunnel that the drill had not been particularly 
straightforward.

The drill took place within the scope of a training 
programme for the tunnel construction site manage-
ment. The four participants in the programme had been 
trained by members of staff of the Main Rescue Centre 
for the RAG Mine Rescue Service as the officers-in-
charge for their tunnel construction site and were able 
to demonstrate what they had learned during the drill 
(Fig. 2).

Fig. 1:  Cooperation with the fire brigade to the smoke limit: During the drill support in 
extinguishing an excavator fire

Fig. 2:  The command post’s operative range in the rescue 
point container on the surface
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Route” dated May 6, 2013. The members of the tunnel 
fire services for the Albaufstieg, Albabstieg, Cannstatt 
and Feuerbach construction sites were trained as tunnel 
firefighters, shift leaders and division managers in keep-
ing with the guidelines for the Mine Rescue Service. In 
addition to extensive training in order to rescue persons 
the fire service personnel were trained in basic technical 
matters for combating fire and in Technical Aid.

The training programme for the mine fire service 
technical part for firefighters encompassed 33 hours 
and included the following topics:

 ▶ Structure, organization, training of a tunnel fire ser-
vice in keeping with the principles of the Mine Res-
cue Service

 ▶ Training with respiratory protection according to 
DGUV Rule 112-190

 ▶ Training with MSA AirElite breathing apparatus
 ▶ Resuscitation with ambient air independent respira-

tory devices
 ▶ Combating tunnel fires
 ▶ Measurements units and gases
 ▶ Deployment principles, impacts affecting drills and 

assignments
 ▶ Practical drills

The fire service technical part of the training pro-
gramme comprised 35 hours and embraced:

 ▶ Extinguishing assignment (incl. knowledge of vehi-
cle and appliances)

 ▶ Rescue (incl. life-sustaining emergency measures)
 ▶ Collaboration between mine fire service and fire bri-

gade
 ▶ Technical Aid
 ▶ Combustion and extinguishing

Training to become a tunnel firefighter thus extends 
over a total of 68 hours of instruction.

Some of the firefighters were trained following their 
basic training in a course for senior officers (duration 
35 hours) to become shift leader in accordance with the 
Mine Rescue Service plan

The shift leaders that were foreseen as the divi-
sion manager of the rescue service or his deputy, were 
trained as senior officers in accordance with the Mine 
Rescue Service plan. These leadership courses deal espe-
cially with deployment tactics and the necessary leader-
ship knowledge. 

Equipment
The tunnel fire services were equipped with breathing/
regeneration units based on the character of their work. 
The apparatus in question was selected by the contrac-
tors for the Stuttgart  21 tunnel fire services. This de-
vice on a chemical oxygen basis caters for a deployment 
period of up to 4 h. This protracted period is essential 
in order to ensure that the possible lengthy penetration 
routes can be accomplished. Each tunnel fire service di-
vision also carries an oxygen self-rescue unit, which lasts 
for 60 min as an escape device.

Tunnel fire services at construction sites for road and 
rail tunnels are still not customary in Germany. The first 
tunnel fire services were set up in conjunction with the 
Stuttgart 21 rail project. Previously, there had been fire-
fighting teams in the Branich Tunnel, which supported 
the fire brigades. The need for specially trained tunnel 
fire services first arose when the Baden-Württemberg 
Ministry of the Interior determined that in the event 
of fire the fire brigade was only permitted to penetrate 
a maximum distance of 200 m into a tunnel construc-
tion site. 

The members of these tunnel fire services are recruit-
ed from the workforce on the construction sites. The 
creation of in-house rescue organizations is required 
wherever communal fire brigades cannot be deployed 
on account of particularly hazardous conditions. Min-
ing in Germany for instance represents a forerunner for 
this approach. There mine fire services were and still are 
responsible for firefighting and rescuing persons follow-
ing accidents underground.

Tasks faced by the Fire Service
The tunnel fire services are primarily intended to be 
used to save lives. Generally fires are combated to ful-
fil this target. The workforce provided by the contrac-
tor on tunnel construction sites is most suited for this 
purpose as they are more familiar with the site layout 
and are aware of their surroundings, which are mostly 
strange to other people. Thus the workforce enjoy an 
advantage vis-à-vis communal fire brigades if it is neces-
sary to engage on-site vehicles for rescue or firefighting 
purposes. Furthermore, they are needed to assist com-
munal fire brigades with technical matters.

Training
The tunnellers are trained in accordance with the draft 
bill presented by the Stuttgart district president for 
“Rescue Services for Tunnel Construction Sites for 
the Stuttgart 21 Project and the new Wendlingen-Ulm 

Fig. 3:  Tunnel fire service getting ready in the rescue point container on the surface
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The most tunnel fire services belonging to the Stutt-
gart  21 Project have fitted themselves out with the 
orange-coloured protective clothing usually worn by 
mine fire services (Fig. 3). When the above mentioned 
protective clothing is worn the maximum deployment 
period providing breathing protection amounts to 
90  min. Temperature tables are applied in mining to 
determine deployment times. These have been specially 
devised for this protective garb in large-scale tests. The 
tables take temperature and air humidity in the sur-
rounding atmosphere into account. Thanks to these 
tables the possible deployment times can decrease given 
temperatures in excess of 22 °C as well as high air hu-
midity. Should for instance temperatures of 35 °C and 
relative humidity of 80 % occur (e. g. by attempting to 
put out the fire with water) according to the table the 
deployment time is only 50 min. These tables are used 
accordingly by the tunnel fire services. Such tables do 
not apply to the blue clothing used by communal fire 
brigades (HuPF = production and testing description 
for universal fireproof clothing). This garb is not de-
signed for lengthy deployment periods as can occur on 
tunnel construction sites.

The tunnel fire services possess a multi-gas measur-
ing unit per division for measuring oxygen and typical 
fire gases such as e. g. carbon monoxide and nitrogen 
oxides as well as to monitor the danger of explosion. 
They also carry a temperature measuring device for es-
tablishing the deployment times. The use of thermal im-
age cameras is also foreseen. These improve conditions 
for the fire services given poor visibility. The tunnel fire 
services are able to localize fires with the cameras or 
more easily establish the whereabouts of persons.

The emergency forces set up their command post as 
closely as possible to the deployment post in the event 
of an incident. This is often located within the tunnel 
(e. g. in a parallel tunnel bore). The tunnel fire service 
generally proceeds from this point wearing breathing 
apparatus. Should First Aid measures be required the 
division must be in a position to apply this without out-
side assistance. Paramedics will first be able to support 
these measures when injured persons have been trans-
ported to the tunnel portal. For this reason, the tunnel 
fire services were equipped with ambient air independ-
ent resuscitation devices made by BartelsRieger Atem-
schutztechnik GmbH & Co. KG, Cologne. These Type 
Oxylator FR 300 B resuscitation devices have been de-
vised for mining and enable respiration and rescue of 
persons, even in a non-breathable atmosphere (Fig. 4). 
A mobile stretcher is employed to transport injured 
persons. In addition, the tunnel fire services have other 
equipment such as defibrillators and bandaging mate-
rial for First Aid purposes available (Fig. 5). 

Corresponding premises were set up to store the 
material and for equipping the tunnel fire services for 
assignments. These premises are generally located in 
the vicinity of the tunnel portal so that the tunnel fire 
service can respond quickly in the event of an inci-
dent.

Fig. 4:  Deployment post in the tunnel, operative range for the division manager when 
responding

Fig. 5:  Oxylator FR-300 B: ambient air independent resusci-
tation/breathing apparatus

Organization of Tunnel Fire Services

The tunnel fire service is headed by a division manager 
and his deputy. They are faced with the task of regu-
lating practice drills and take charge of the tunnel fire 
service in the event of an incident occurring. They are 
also responsible for ensuring that the teams are regu-
larly trained and given refresher courses. They supervise 
the fitness of the members of the fire service in terms 
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and lengthy approach routes are extremely demanding 
physically. Should a firefighter drop out the other mem-
bers of the team should be in a position to save their 
comrade.

Outlook
There are efforts to basically regulate rescue on tunnel 
construction sites. The Ministry of the Interior of the 
Land of Baden-Württemberg is currently working on 
a paper “Joint Recommendations of the Ministry of 
the Interior, Ministry of Transport and Infrastructure 
and the Ministry of Labour and Social Order, Families, 
Women and Senior Citizens to establish Rescue Units 
and cooperate with Fire Services in Cavity and Tun-
nel Construction Sites in Baden-Württemberg”. In this 
connection there is a draft stating among others things 
that: “It must be observed for tasks faced by the rescue 
unit in the event of fires in tunnel construction sites 
that the penetration depth for the fire service is set at 
a maximum of 200 m in keeping with the ‘Joint Rec-
ommendations of the Ministry of the Interior, Minis-
try of Transport and Infrastructure and the Ministry of 
Labour and Social Order, Families, Women and Senior 
Citizens on Safety in Cavity and Tunnel Construction 
Sites in Baden-Württemberg’ calculated from a smoke-
free location”.

This draft provides for technical firefighting training 
for the tunnel fire service teams. Special training ele-
ments for rescuing in and/or from tunnel structures is 
no longer under consideration. The special aspects of a 
tunnel fire service are no longer to be practiced.

An assignment in a tunnel sets the emergency forces 
major challenges, which in general a communal fire bri-
gade is neither equipped nor trained to deal with. If it 
intended as in mining to train members of the work-
force as emergency forces then this training must be 
appropriate. Pure technical firefighting training is not 
advisable. 

Members of a tunnel fire service must be trained in 
fighting fires and undertaking immediate life-saving 
measures. They must master the basics of Technical Aid. 
This is essential to be able to support communal fire bri-
gades during assignments (Fig. 7).

The main task for tunnel fire services is to save peo-
ple’s lives in underground structures if need be using 
long-term breathing protection apparatus capable of 
functioning for up to 2 hours. These special aspects must 
categorically be taken into consideration during train-
ing. It is also conceivable that communal fire brigades 
can also be correspondingly trained and equipped.

The equipment and the strengths of the tunnel fire 
services are essentially aimed at an initial response based 
on the Ministry of the Interior’s draft mentioned above. 
As a result, fire services must have at least ten breathing 
apparatuses at their disposal. A reserve team (1 leader, 
4 firefighters) must back up each listed team. In other 
words, no further operational breathing protection de-
vices are foreseen for a follow-up incident. If one takes 
possible scenarios for tunnel fire service responses then 

Fig. 6:  Removing an injured person on a mobile stretcher

Fig. 7:  First Aid and resuscitation for an accident victim

of industrial medicine. They procure the equipment for 
the fire service and ensure that the material is serviced 
and tested as required. In the event of an incident the 
division manager proceeds to the deployment post and 
takes charge of the tunnel fire service assignment in 
keeping with the instructions from the command cen-
tre (Fig. 6). The command centre is set up outside the 
tunnel. At the start of the incident the site manager acts 
as the incident commander, a task then taken over by 
the communal fire brigade. Usually a tunnel fire service 
team comprises a senior officer and four firefighters.

Incidents involving the mentioned breathing appli-
ances combined with flameproof protective clothing 
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in certain cases when a human life must be saved during 
a fire this cannot suffice. A superordinated system for 
providing help must be established. This help can come 
from correspondingly trained and equipped fire bri-
gades, from other tunnel fire services or from mine fire 
services. A link to a Mine Rescue Service control centre 
would be conceivable for organizing such assistance. 

It is essential to have good evacuation and rescue 
concepts for the tunnel workforce in order to ensure 
that the safety system on tunnel construction sites 
functions in conjunction with the tunnel fire services. 
The self-rescue concept for all persons located in the 
tunnel represents the basis for this. This signifies in-
tensive training for all companies involved, especially 
the workforce. They must carry oxygen self-rescuers in 
a disciplined manner. The evacuation and rescue con-
cepts must take the penetration routes of the tunnel fire 
services including the necessary rescuer containers into 
consideration.
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Summary

Establishing tunnel fire services in conjunction with the 
excavation of tunnels is a new approach. This became 
essential as fire brigades in Germany were to a great ex-
tent not adequately trained and equipped. As a result, 
they could not properly cover incidents linked to fires 
on tunnel construction sites. In addition there is the re-
stricted penetration depth of 200 m starting from the 
“smoke limit” based on the above mentioned joint di-
rective. Establishing tunnel fire services represents a new 
as well as correct approach.

It is obvious that some things can still be improved 
in terms of standard training, equipment, organization 
and providing help. It is very difficult to set up a force 
with members, to whom firefighting and saving lives is 
completely alien.

The number of experienced tunnel firefighters will 
increase as the years pass with corresponding drills and 
assignments. In this way it will become easier to estab-
lish the structures for an effective tunnel fire service for 
future tunnelling projects. This can also be a plus point 
for tunnelling contractors when they are involved in 
bidding for projects in future.
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Motivation

Nitrogen dioxide (NO2) is a highly toxic gas that is gen-
erated as a component of diesel engine emissions and as 
a byproduct of blasting. To support mine safety, there 
is an emerging global trend to reduce levels of human 
exposure to NO2 in mining workplaces. In Canada, 
the generally accepted threshold level has been 3 parts 
per million (ppm). However, there is a recent trend 
to reduce this level to 0.2  ppm – which is 15 times 
lower than it was in the past. In Canada, permissible 

Nitrogen dioxide (NO2) is a highly toxic gas that is 
generated as a component of diesel engine emis-
sions and as a byproduct of blasting. To support 
mine safety, there is an emerging global trend to 
reduce levels of human exposure to NO2 in min-
ing workplaces. This article addresses current NO2 
limits in Canada and new legislation designed to 
protect worker health and improve mine safety. It 
also explores innovative gas detection technolo-
gies that can help mines comply with this new 
legislation. 

Mining • Work safety • Regulation • Monitoring • 
Measuring equipment • Canada

Recommendation from the Scientific Committee on Occupational 
 Exposure Limits (SCOEL) for Nitrogen Dioxide [1]:

 ▶ 8-hour Time Weighted Average (TWA): 0.5 ppm (0.955 mg/m3) 
 ▶ Short Term Exposure Limit (STEL) (15-min): 1 ppm (1.91 mg/m3) 

This recommendation is based on compilations by the World Health 
Organization (WHO) (1997), Dutch Expert Committee on Occupational 
Standards (DECOS) (2004), US Environmental Protection Agency (EPA) 
(2008), German Research Foundation (DFG) (2005 and 2010), American 
Conference of Governmental Industrial Hygienists (ACGIH) (2012) and Na-
tional Research Council of the National Academies (2012).

Fig. 1:   “Mines will have to be more diligent in their approach to the measuring and 
recording of information to meet the legislative requirements in their various 
districts that continue to change and reduce the allowable personal exposure 
levels (i. e., ACGIH reduction of NO2 levels). Mines therefore require adequate 
monitoring tools capable of measuring these lower values of contaminants to 
establish and evaluate the appropriate controls and confirm compliance to  
legislation,” said Douglas O’Connor, President of DOCL, a Hard Rock Mine  
Ventilation Consultant, Sudbury, Ontario.

                Source: Dräger

exposure levels for NO2 are regulated by province/ter-
ritory. To date, the ACGIH exposure limits for NO2 
(view Box) at TLV-0.2 ppm and STEL 1.0 ppm have 
been adopted by British Columbia, Manitoba, New-
foundland and Labrador, and Nova Scotia. This article 
addresses current NO2 limits in Canada and new legis-
lation designed to protect worker health and improve 
mine safety. It also explores innovative gas detection 
technologies that can help mines comply with this new 
legislation (Fig. 1). 

Background

Definition of Nitrogen Dioxide 
Nitrogen dioxide (NO2) is a highly toxic gas that is 
barely noticeable to humans. Depending on the tem-
perature, nitrogen dioxide can be a colorless solid, a yel-
low liquid, or a reddish-brown gas. It is heavier than air 
and is acidic, corrosive, and oxidizing. 

Effect of NO2 on Humans
The human olfactory perception threshold of NO2 is 
between 0.1 and 0.2 ppm, depending on the study con-
ditions [2, 3]. With slowly increasing concentrations, 
the odour of NO2 is not perceived until much higher 
concentrations have been reached [4], so the natural 
human warning effect of the gas is poor. For this reason, 
portable instruments with integrated NO2 sensors are 
becoming increasingly important in mines.

The physical effect of NO2 on humans is irritation 
of the deep compartments of the respiratory tract. To 
support mine safety, government agencies around the 
world have begun to mandate lower NO2 levels in the 
ambient air in mining environments.
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pliance. This comprehensive solution includes the fol-
lowing core products: 

 ▶ For detecting low levels of NO2: Dräger  
NO2  Sensor – Low Concentration 
The NO2 LC sensor was specifically developed to 
meet the rigorous requirements of the ACGIH 
changes. In addition to meeting the requirements 
for detecting low levels of NO2, the sensor has a fast 
response time, very good repeatability and linearity, 
and very high resolution. With a detection limit of 
0.04 ppm and a resolution of 0.02 ppm, it can sup-
port efforts to stay within a Permissible Exposure 
Limit or Threshold Limit Value. It is possible to per-
form selective NO2 measurements due to the sensor’s 
extremely low cross sensitivities to NO and CO in 
areas where exhaust pollution is expected. The sensor 
also has low cross sensitivities to SO2, which could be 
a factor with sulfurous ore materials. 

 ▶ For protecting workers from toxic gases: Dräger 
X-am 5000 and Dräger X-am 5600 Personal Moni-
tor with Low Concentration NO2 Sensor 
Optimized for personal protection, the compact 
X-am 5000 five-gas personal monitor can be con-
figured to meet the specific requirements of the 
operation by selecting from the 30 different electro-
chemical sensors (Fig. 2). The X-am 5600 is an in-
frared-capable, six-gas personal monitor. Both moni-
tors work in conjunction with the Dräger X-zone® to 
provide area monitoring.

 ▶ For gathering data for control and compliance: 
Dräger X-dock Calibration and Bump Test Station 
The X-dock enables mine operators to manage their 
full fleet of portable Dräger gas detection instru-
ments. Automatic bump tests and calibrations with 
short testing times reduce gas consumption, save 
time, and reduce operating expenses. Comprehen-
sive evaluations and documentation provide a clear 
overview of the entire fleet, and can also report and 
document gas alarms and exposure levels. 
As a networked solution, this software enables re-
mote management of gas detection devices. The re-

Fig. 2:  GasVision7 showing NO2 measurements on an X-am 5000 with the NO2 LC 
sensor

                 Source: Dräger

Causes of NO2

In mining and tunnelling, diesel engines produce ni-
trogen oxide (NO) as a byproduct of combustion. In 
the presence of air, NO reacts almost immediately with 
oxygen in the air to form NO2. With the exception of 
certain drilling equipment and some specialty appli-
cations, much of the mechanized equipment used in 
metal mines today is powered by diesel fuel. 

NO2 is also caused by blasting [5]. During an explo-
sion, all explosive materials produce a cloud of reactive 
substances – the most toxic of which is NO2.

Blasters are aware that the gases produced by a blast 
are unhealthy and typically wait for the gases to dissi-
pate before allowing anyone to return to the blast area. 
However, less consideration is given to the NO that re-
mains in the muck pile. The gases in the muck pile are 
predominately blasting fumes and do not dissipate. 

As a part of mine safety awareness, it is important to 
be aware that NOx (NO/NO2) will be released during 
the mucking operation with the potential for serious 
physical harm.

Complying with new Regulations and 
supporting Miners’ Health
Listed below are basic steps that mines can take to com-
ply with the new regulations given in Table 1 and pro-
tect their workers from harmful levels of NO2: 

 ▶ Analyze current NO2 levels: The first step is to 
determine the level of NO2 to see if the working 
environment is in compliance. This includes clear-
ance after blasting, ventilation checks, and exposure 
assessment of high risk work places. 
Applicable technology: Portable gas detectors 
with low concentration NO2 sensors.

 ▶ Identify and eliminate sources of NO2: It is cru-
cial to identify and eliminate the biggest sources of 
NO2. This may include finding the worst polluting 
engines and taking corrective measures to limit their 
NO2 emissions. 
Applicable technology: Emission testing units.

 ▶ Continuously monitor the environment: After 
taking corrective action and documenting compli-
ance with the new NO2 limits, it is necessary to con-
tinually monitor the environment – especially in ar-
eas where workers will be at higher risk of exposure 
to NO2, such as workers operating or in proximity 
to diesel engines, in less ventilated areas, and close to 
mucking or crushing operations.
Applicable technology: Stationary and portable 
gas detectors, data management of exposure records, 
and emission testing units 

Dräger Solutions for Helping Mines com-
ply with the lower NO2 Limit  Regulations 
Based on significant experience with the mining indus-
try worldwide, Dräger has developed a proven solution 
with products that can help mines accurately monitor 
NO2 levels in work environments and document com-
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cords produced by the X-dock reduce the time and 
effort required for compliance audits.

 ▶ For ventilation monitoring: Dräger Stationary 
NO2 – Low Concentration Sensor 
This stationary sensor can detect NO2 concentra-
tions as low as .05  ppm. It is suitable for use in a 
variety of Dräger fixed gas systems, including Point-
Gard  II monitors, Polytron 7000, 5100 and 8000 
units. The Polytron 7000 is a low maintenance and 
intrinsically safe transmitter designed for toxic gas 
monitoring applications. Polytron 5100 and Poly-
tron 8000 gas detector transmitters are explosion-
proof. 

 ▶ For emissions testing at the source: Dräger 
EM200-E 
This portable, handheld emission testing device was 
specifically tailored to the needs of the mining en-
vironment. It precisely determines the content of 
CO, NO, NO2, and NOx in diesel engine exhaust 
and helps to identify engines outside of permissi-
ble emission limits with spot checks. This will help 
in identifying and eliminating the major sources of 
NOx emissions from combustion engines.

Table 1:  Current NO2 limits across Canada by province/territory

Province/Territory Current NO2 Limits

Provinces Alberta 8-hour time weighted average (TWA) exposure 
limit of 3 ppm and 15-min STEL of 5.0 ppm

British Colombia TLV-0.2 ppm and STEL 1.0 ppm

Manitoba TLV-0.2 ppm and STEL 1.0 ppm

New Brunswick Information unavailable as of publication date

Newfoundland and Labrador TLV-0.2 ppm and STEL 1.0 ppm

Nova Scotia TLV-0.2 ppm and STEL 1.0 ppm

Ontario 8-hour TWA exposure limit of 3.0 ppm and 
15-minute STEL of 5.0 ppm

PEI No underground mining currently in operation

Quebec 8-hour TWA exposure limit of 3.0 ppm

Sasketchewan Referred to as Workplace Contamination Limits 
(WCL or CL for 8-hr or 15-min): 
TLV-5.6mg/m3 (3.0 ppm) and STEL-9 mg/m3 (5.0 
ppm)

Territories Northwest Territories Information unavailable as of publication date

Nunavut Information unavailable as of publication date

Yukon Information unavailable as of publication date

If integrated into regular engine maintenance in-
tervals and evaluated properly, the monitoring of 
emission levels can also be used to adjust main-
tenance schedules to avoid breakdowns, provide 
spares in advance, and improve fuel efficiency. This 
can result in a significant increase in engine uptime 
and thus operational efficiency and increased pro-
ductivity.

Summary 
Reliable technology now exists to continuously moni-
tor levels of NO2 and other toxic substances through-
out the mining environment. These devices provide 
valuable information that can help mines protect their 
workers against exposure to harmful levels of NO2. In 
addition, data collection and reporting software can re-
duce the time and effort involved in complying with the 
new regulations.

The ultimate benefit of reducing exposure to NO2 
in Canadian mines goes directly to those who work at 
the mine. By understanding the medical-based reasons 
for adopting the lower exposure levels for NO2 and tak-
ing steps toward compliance now, mine operators can 
avoid unnecessary worker exposure to NO2 – and can 
also avoid possible work disruption if the new exposure 
levels are adopted in their province/territory.
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Arun MV, formerly Senior Research Analyst, Beroe Inc., India

Motivation
Early 2000’s were marked by volatility in the commod-
ity markets, driven by geopolitical risk, supply-side 
shocks, weather events and global financial uncertainty, 
which sent spot market prices of steel, ammonia, natu-
ral and rubber, the raw materials for grinding media, 
drill bits, conveyor belts, explosives, etc. in a dramatic 
sinusoidal wave pattern. 

Procurement and supply chains have themselves in-
terwoven with the global currency market. Dynamic 
nature of prices threw traditional purchasing and risk 
management strategies out of the window. Fundamen-
tal issues including rising U.S. interest rates, continued 
economic weakness in the euro zone, devaluation in Ja-
pan, falling oil prices, and geopolitical turmoil will con-
tinue to drive turbulence in the currency for the period 
2015-16. Concerns are now shifting to currency vola-
tility and what impact this will have on the commod-
ity markets. Volatility has been a recent feature of the 
Chinese Yuan, Mexican Peso, Indian Rupee, Japanese 

Purchasing raw-materials directly from overseas, 
or purchasing goods with a large imported con-
tent, adds an extra dimension to the basket of 
procurement risks a company must consider ‘For-
eign Exchange Risk’. This is that risk of losing mon-
ey due to adverse movements in exchange rates.  
This paper examines challenges associated with 
currency volatility on mine production consuma-
bles manufacturing companies and strategies a 
buyer company can employ over manufacturer in 
managing the impact of these fluctuations.

Mining • Global • Procurement •  Consumables • 
Raw material • Currency risk • Economy

Yen and Brazilian Real, all of which are big raw material 
producing nations. 

As procurement of mine production consumables 
is shifting towards category management and thus at-
taining a near perfect spend management, currency 
volatility can press hard against the savings incurred as 
manufacturers are citing a negative impact of increasing 
currency volatility of the Indian rupee, Australian dol-
lar and Brazilian real on procurement of raw materials. 

This paper examines challenges associated with cur-
rency volatility on mine production consumables manu-
facturing companies and strategies a buyer company can 
employ over manufacturer in managing the impact of 
these fluctuations.

Currency Risk and Mining Consumables 
Back in 2000’s, when the U.S. dollar rose, it rose against 
all other currencies. But now, currency volatility is non-
correlated. This means that the currencies on which one 
is exposed can be volatile in different directions and the 
impact of volatility in one currency is not necessarily 
offset by the opposite impact of volatility in another 
currency. 

For example, the value of the dollar might be down 
in Europe where the manufacturer is selling and up in 
China, India, Malaysia, Indonesia and Mexico, where 
the manufacturer is procuring. Worse, the same com-
pany can be impacted by volatility not just on the cur-
rency pairs to which one is exposed, but because of the 
interrelationships between those currencies.

To illustrate consider the following example of an 
agency contracted to buy machinery from Europe. Pay-
ment required is in euro (EUR) in which case the Aus-
tralian dollar (AUD) cost of the machinery will not be 
known until such time as the agency buys the EUR to 
pay the supplier.

Fig. 1:  Risk under procurement for a mine production consumables manufacturing company
                 Source: Beroe, Inc.
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How manufacturer tackle the situation: Contracts 
such as these often include a price variation clause 
which allows for the AUD price to change in line with a 
movement in exchange rates. Regardless of whether the 
foreign currency price is observable, when an agency is 
purchasing goods or services with an imported content, 
more often than not foreign exchange risk is present. 
The solution in an environment of non-correlated vola-
tility that affects a buyer cross all currencies on which 
the buyer is exposed is to adopt a portfolio approach 
and become currency agnostic.

For another example look at a manufacturing com-
pany can have EUR/USD and JPY/USD exposures. 
The same company could be impacted by EUR/USD 
and JPY/USD volatility; the company could also be 
impacted by EUR/JPY volatility. The question of ‘How 
far is the mining consumables industry exposed to the 
currency risk?’ can be answered by the bar chart in 
Fig. 1 that depicts the extent to which a mine-produc-
tion consumables manufacturing company faces risk 
under procurement. 

One significant argument to a successful risk manage-
ment in procurement is to ensure apt risk supervision 
across the organization hierarchy with which procure-
ment interacts on a regular basis. This should insure steps 
from product design to manufacturing to supply chain 
management to service and spare parts management.

Hypothesis assumed was that a company with 
stronger investment in procurement risk management 
would be more likely to show up as “procurement mas-
ters.” These leaders are significantly more likely to ad-
dress supplier and price volatility risks while developing 
their procurement strategies.

The box table (Fig. 2) provides insights on exposure 
to raw materials price volatility by industry. The pie 
charts in Fig. 3 and Fig. 4 indicate the different depart-
ments or functional areas of a consumables manufac-
turing company involved volatility risk associated with 
currency exchange and raw materials prices.

Currency Risk associated with Buyer 
Foreign exchange rates move on a daily basis. Procure-
ment can be a lengthy process, and when foreign ex-
change risk is involved the longer that process takes the 
greater the chance that movements in exchange rates 
will impact the cost of the asset. It is possible that such 
movements in price could put a procurement budget at 
risk. This is the case for whichever party holds the for-
eign exchange risk, be it the manufacturer of the prod-
ucts or the supplier of raw materials.

Suppliers based overseas will most likely prefer to re-
ceive payment in their local currency. If they are paid in 
a foreign currency, they will be exposed to exchange rate 
movements and cannot guarantee whether they will ul-
timately receive a fair price for their goods. This is no 
different for a manufacturer. A buyer may prefer to pay 
in USD because they will know how much it is going to 
cost and don’t have to be concerned with movements in 
exchange rates and risk exceeding their budget. 

Fig. 2:  Exposure to raw material price and currency volatility by different industry 
branches

                 Source: Beroe, Inc.

Fig. 3:  Exchange rates volatility (extent of involvement 
into currency exchange rates volatility of different 
functional areas inside a consumables manufacturing 
company)

                 Source: Beroe, Inc.

Fig. 4:  Raw materials price volatility (extent of involve-
ment into raw material price volatility of different 
functional areas inside a consumables manufacturing 
company)

                Source: Beroe, Inc.



GeoResources Journal   4 | 2015

39 Mining

Currency Volatility and Impact on Mine  Production Consumables
Arun:

www.georesources.net

When foreign exchange risk is involved, what is im-
portant is that the risk is transparent and the price paid 
to transfer that risk is fair. Recent times have seen the 
manufacturer earn profit at the expense of variation in 
the exchange rates. 

Architects of global supply chains, traditionally, 
have focused on strategies that were hypothesized on 
economies of scale and availability of low cost labor 
in countries like Brazil, Russia, India and China. But, 
lately, the surge in demand for improved service, the 
aggressive competition and uncertainty stimulated by 
changing labor conditions, extremely volatile oil pric-
es, natural disasters and a spate of other geo-political 
factors have made everyone rethink their manufac- 
turing and distribution strategies. Leading global sup-
ply chains are being redesigned for not only scalability, 
but also for flexibility. 

A very important part of this redesign process is 
sensitivity analysis, i. e., testing the supply chain for ro-
bustness against controllable as well as uncontrollable 
factors. This helps in leveraging supply chain as a hedge 
against uncertainty. 

While many supply chain architects are well aware 
of the importance of sensitivity testing during major 
network capital expense decisions, these tests are usu-
ally limited to only changes in growth projection, oil 
price volatility and, in a few cases, changes in labor con-
ditions. Very rarely are these tests extended to include 
fluctuations in currency exchange rates, which for any 
global supply chain is vital. 

There is a strong correlation between exchange rates 
and labor rates in most regions. Also, a change in cur-
rency rate has an immediate effect on the manufactur-
er’s bottom-line. The chart in Fig. 5 shows the changes 
to the exchange rates (not adjusted for inflation) for a 
mix of developed as well as developing economies. A 
negative value indicates weakening of the currency as 
compared to what it was 5 years ago in February 2010.

Let us look at two cases: 
 ▶ Case 1: The Brazilian Real (BRL) strengthened 

by almost 17  % in mid-2011 before weakening by 
almost 45 % in early 2015. On the other hand the 
Chinese Yuan (CNY) has consistently strength-
ened. All other decision variables assumed to be the 
same, any buyer in Q4 2010 would have looked at 
the recent strengthening trend of the BRL over that 
of the CNY, and favored an agreement with manu-
facturer/supplier in China over Brazil. But by not 
investing in Brazil they possibly missed out on a big 
opportunity for savings through variation in cur-
rency rates and thus a saving in overall procurement 
costs. 

 ▶ Case 2: In 2014, there were two different instances 
of US plants being severely underutilized because of 
the erratic turn the Japanese Yen ( JPY) took in Jan-
uary 2013. In both these instances, decisions were 
made around 2011 to gradually move production 
from Japan to the US, because of the strengthening 
of the JPY. But the JPY went from being as much as 

Fig. 5:  Changes to the exchange rates of selected currencies from February 2010 to 2015
                 Source:  Beroe, Inc.

¥70 per $1, to ¥120 per 1 USD (a 70 % depreciation 
in under 4 years). As a result, both the companies 
continued to manufacture in Japan (with the facili-
ties bursting at the seam) while the newly invested 
assets in the US remained severely underutilized.

System flexibility is mandatory in reducing the effects of 
volatility. The beauty of optimization techniques is that 
the supply chain cost is always flat around the optimum. 
There will always be a range of options with similar cost 
results. Sensitivity testing for exchange rates, labor rates, 
can help us identify these options that provide not only 
low costs and high service, but also flexibility and sus-
tainability.

All global firms have a complex web of international 
suppliers that they buy raw materials and components 
from. Based on how frequently you can negotiate con-
tracts and quantities with your suppliers, ever-shifting 
exchange rates could provide hidden opportunities to 
leverage a lower-cost supplier.

In an incident, close to $90M in annual savings 
(across two divisions of a manufacturing company) 
were identified, just by having the ability to identify the 
cheapest supplier country for a given quarter. Currency 
exchange rates were a major driver in identifying these 
savings. 

The question arises how manufacturers often dodge 
currency exchange rates risk. Given the recent decline 
of the Brazilian Real due to a high inflation outlook, the 
sanctions-driven fall of the Russian Ruble and the cur-
rency war in Europe evoked by the sudden rise of the 
Swiss Franc, opportunities are now within reach to ne-
gotiate with manufacturer as the buyer has a leveraging 
point of currency savings. 

The exchange rate risk on the purchase of materials, 
components or products from outside the country of 
production is generally considered a normal business 
risk for suppliers. However, in some cases, it may be in 
the interest of a manufacturer to accept the risks and 
benefits of currency fluctuations. In such circumstances, 
the supplier may be offered the choice to mitigate their 
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The most strategies available to manage the impact 
of fluctuations are: 

 ▶ Try to buy and sell locally as much as possible. 
 ▷ Concept of serving markets locally with local 

sources of supply is the best hedge against cur-
rency volatility that an organization can have. 

 ▷ Buy and sell in local currencies as much as pos-
sible. 

 ▶ Understand currency’s historical impact on demand 
 ▷ The volatility of currency market cascades into  

local government and consumer buying habits. 
 ▷ Use of historical data and forecasting models can 

help gauge the impact of currency swings and 
volatility on local market. 

 ▷ This will help organizations allocate procure-
ment resources and focus based on local/regional 
demand forecasts, supply risk and, total landed 
cost for both sourcing export and non-export 
situations. 

 ▶ Work closely with treasury. 
 ▷ Treasury is responsible for monitoring overall 

FOREX exposure in a business. 
 ▷ Hedging to offset risk for both dollar-denominat-

ed and non-dollar denominated global sourcing 
programs is the ante to taking risk off the table. 

 ▷ Treasury’s insight into regional markets can pro-
vide invaluable insight and early warning about 
supply markets.

References
Beroe, Inc. Internal data
Primary Interaction

Ideas to mitigate risk of currency  
fluctuations:

 ▶ Dual sourcing 
 ▶ Regular negotiations with suppliers 
 ▶ Risk sharing clauses/back-to-back contracts 
 ▶ Value engineering/reduction of commodity 

content 
 ▶ Insurance 
 ▶ Supply chain financing 
 ▶ Index-based contracts 
 ▶ Hedging/financial tools

risk by having an exchange rate fluctuation provision 
included in the contract. The adjustment can be calcu-
lated by using Equation 1. An exchange rate fluctuation 
provision would not generally be applied to procure-
ments done by the European and American regions.

Adjustment = FCC · Qty · (i1 – i0) / i0                         (1)

where: 
FCC: Foreign Currency Component (per unit) 
Qty: quantity of units
i0: initial exchange rate 
i1: exchange rate for adjustment 

The main mechanism is a change in relative prices that 
shifts expenditure towards countries whose currency 
has depreciated. If prices don’t respond sufficiently 
to exchange rates then neither do quantities, and the 
expenditure-switching role of exchange rates is dimin-
ished.

Conclusion 
The procurement team of the buyer can mitigate the 
risk against impact of fluctuations with the following 
measures: 

 ▶ Hedging 
 ▶ Local suppliers obligation: foreign currency hedging 
 ▶ Permitted price adjustment 
 ▶ Re-evaluation of tenders

The prices of the largest firms, accounting for their 
disproportionate share of trade, are insulated from ex-
change rate movements both through the hedging ef-
fect of imported inputs and through active offsetting 
mark-up adjustment in response to cost shocks. Both 
forces limit the expenditure-switching effect of a given 
exchange rate movement, but have very different impli-
cations for the allocative efficiency of global production. 

These results imply that the international competi-
tiveness effects of Euro devaluation are likely to turn out 
to be modest given the extensive international sourcing 
by major exporters. In addition, a weaker euro is likely 
to have limited effects on prices and quantities, with the 
changes largely reflected in the profit margins of major 
exporters. 
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