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Finding eco- and climate-friendly infrastructure 
solutions for liveable cities, where space and fi-
nancial resources are limited, poses huge chal-
lenges. If these are to be tackled effectively engi-
neers need to think outside the box and explore 
new horizons.

A Word on … • Urbanisation • Sustainability • 
Infrastructure • Tunnelling • Cooperation 

Opening new Horizons for liveable Cities 
Prof. Dr.-Ing. Roland Leucker, CEO of the STUVA, Cologne, Germany

78 million people a year. That is the rate at 
which the world’s population is increasing. 
Right now the planet is home to about 7.7 

billion human beings – and by 2050 there will be two 
billion more. This means a megatrend towards urbani-
sation, especially in the industrialising and developing 
countries, on an almost threatening scale: by 2050 near-
ly five billion people worldwide will be living in cities. 

An Infrastructure for liveable Cities

If all these people are to be provided with adequate 
living conditions the cities will have to reinvent them-
selves. The infrastructure in particular will have to be 
organised so efficiently that sufficient room is left for 
living. This applies especially to the transport sector, for 
a liveable city of the future can only succeed by reduc-
ing motorised private transport and massively expand-
ing the public transportation network. The amount of 
urban space available for this is extremely limited, which 

STUVA Conference – an international forum for tunnels and infrastructure

is why the underground space will 
inevitably have to be used much 
more intensively in future. This is 
the only way in which the sealed 
surfaces of the motorised private 
transport system can be restored 
to much more practical uses, or 
even restored to nature and left 
‘unused’.  

All this can only be achieved 
by digging new tunnels. The 
global demand for infrastructure 
upgrades is virtually impossible 
to predict and in reality is only 
limited by the available financial 
resources. The tunnelling industry 
therefore still has a lot of work to 
do in the years ahead – at least as 
far as the fast-growing regions of 
the world are concerned. But are 
we really prepared for this? 

Cross-discipline Team-
work

The growing complexity of the world’s urban centres will 
inevitably highlight the mutually dependent relation-
ships that exist between the individual sub-systems. For 
one thing, the underground space will not be reserved 
solely for transport infrastructure but will also have to 
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with each construction phase will have to be rethought 
if the project is to be a sustained success. This can only 
be achieved if everyone involved adopts a consistent and 
cross-disciplinary teamwork approach. And there are 
plentiful examples of this to be found.  

Partnership-based contractual Models

Initial pilot projects show that there are benefits to be 
obtained by abandoning the competitive tendering pro-
cedure, long common practice in Germany, whereby 
individual contractor services are put out to tender and 
awarded to the cheapest bidder. Innovative partnership-
based contractual models seek to bring the interests of 
the client and the supplier into line with the success of 
the project. This is usually based on predetermined and 
contractually agreed bonus payments by the client to 
the supplier in the event that the latter reaches specific 
milestones earlier than planned, is able to reduce speci-
fied on-site overheads or even manages to achieve good 
health and safety standards or first-class workmanship. 
When such a contract is in place the financial profits of 
the supplier will always depend on good cooperation 
with the client. Because of their synchronous interest in 
the success of the project the client and supplier are able 
to form an alliance that encourages project-related deci-
sions to be taken in partnership.

Building Information Modeling (BIM)

Building Information Modeling (BIM) is an efficient 
project-realisation tool that provides a continuously re-
fined three-dimensional model of the built asset so that 
everyone involved has a full overview of the current pro-
ject status from the initial planning phase right through 
to completion. Initial pilot projects have demonstrated 
that BIM, which has been proving its worth in the civil 
engineering industry for some years, is also an effective 
planning tool for the underground construction sector. 
Project staff always have direct access to continuously 
updated source data, which serves to improve the pro-
ductivity of the planning process in terms of cost, dead-
lines and quality. 

Thinking outside the Box

Let us therefore tackle the huge challenges that we as 
engineers are facing with our growing towns and cities – 
and let us begin thinking outside our own box. For it is 
our common mission to use innovative and sustainable 
technology, consistent teamwork and a highly focused 
project approach to ensure a viable environment for 
people everywhere.

I am convinced that this year’s STUVA Conference 
in Frankfurt will serve to expand our field of vision and 
with that in mind I look forward to a lively and active 
exchange of views and ideas. 

Roland Leucker

STUVA and STUVAtec
Embark on a new path and let STUVA be your 
competent partner for:

 ▶ Tunnelling
 ▶ Sealing of structures
 ▶ Fire protection planning for underground 

structures
 ▶ Noise and vibration protection
 ▶ Structural safety
 ▶ Environmental protection and occupational 

safety
 ▶ Public transportation
 ▶ Barrier-free construction

The STUVA Conference and STUVA Expo take place 
every two years – this year’s event is to be held in 
Frankfurt am Main at the end of November.

More information: 
info@stuva.de
www.stuva.de / www.stuva-conference.com

accommodate increasingly complex communication 
systems and public utility services. However, if an urban 
infrastructure project is no longer to be considered in 
isolation because of all the different interdependencies 
at play, the diverse procedures and practices associated 

FRIEDR. ISCHEBECK GMBH
Loher Str. 31-79
58256 Ennepetal, Germany
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Innovative sheet piles made of plasticizer free polyvinyl chloride (PVC-U) 
are regulated in the German standard DIN 16456. They are an economi-
cal solution in various applications as an alternative to conventional steel 
sheet piling. They also make an important contribution to climate and 
environmental protection, particularly in the rewetting of moors.

Geotechnics • Environmental protection • Climate protection •  
Sheet piling • Innovation • Standards

Innovative Vinyl Sheet Piles protect  
Climate and Environment
Dipl.-Wirtsch.-Ing. Christian Grimm, G quadrat Geokunststoffgesellschaft mbH, Krefeld, Germany
Univ.-Prof. Dr.-Ing. Holger Schüttrumpf, Chair and Institute for Hydraulic Engineering and Water  Management, RWTH Aachen, 
Aachen, Germany

To date in Germany, steel sheet piles have been used 
almost exclusively. However, steel sheet piling also has 
disadvantages. Sheet piles made of steel are not always 
technically and economically sensible and necessary. Vi-
nyl sheet piles made of plasticizerfree PVC-U are an in-
novative alternative to conventional steel sheet piles. Vi-
nyl sheet piles are characterised by a low section weight, 
a long working life, low cost, and a high resistance to 
corrosion. Vinyl sheet piles have already been used in 
the following applications:

 ▶ Internal sealing in dikes on waterways
 ▶ Bank protection to prevent erosion on embank-

ments, dams and dikes
 ▶ Root-protection
 ▶ Vertical sealing in landfill construction and earth-

works 
 ▶ Rewetting of moors (Fig. 1)

Manufacture of Vinyl Sheet Piles

Vinyl sheet piles are manufactured from high-quality, 
recycled, plasticizerfree polyvinyl chloride (PVC-U) 
in an extrusion process (Fig. 2). Extrusion is a process-
ing method in which the molten granulate is forced 
through a shaping opening. With this process it is theo-
retically possible to manufacture vinyl sheet piles of infi-
nite length. For practical reasons, e. g. the transport and 
installation of the vinyl sheet piles, lengths are usually 
limited to 12 m. 

There are two profile types, monoprofile and coex-
profile. While monoprofiles are manufactured exclu-
sively from recycled material, the outer layer of coexpro-
files is made from virgin material. This process provides 
the outer layer with special properties such as increased 
UV resistance and desired colouring [1].

Installation of Vinyl Sheet Piling

Sheet piles made of vinyl are installed in soil by vibra-
tion, driving, or digging. For soils whose properties 
make them unsuitable for direct pile driving, the vinyl 
sheet piles can be installed using a leading or jointly 
driven  steel master pile  with the same geometry as the 
vinyl pile. 

In the leading method, the steel master sheet pile 
is connected to the vinyl pile via the sheet pile clutches 

Fig. 1: Rewetted moor trench
Source of the figures: G quadrat Geokunststoffgesell-
schaft mbH

Fig. 2: Production of vinyl sheet piles

to form a double pile. The double pile is then driven. 
Here, the soil is loosened to the appropriate profile by 
the leading master pile and the vinyl pile is inserted into 
this loosened region in the same operation (Fig. 3).

In the joint method, the master pile is connected 
to the vinyl pile to form a single pile. At their base, the 
two piles are connected by steel clamps (Figs. 4 and 5). 
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tip pressure to an extent which allows the vinyl sheet 
pile to be driven.

Trenching is a variant for the installation of vinyl 
sheet piles in very stony or rocky ground. The sheet 
piles are installed in an excavated trench. The remaining 
excavated area is then filled with suitable material and 
compacted. Such a trench can also be dug to a depth of 
approx. 6 m in the form of a narrow slit using a cutter 
(Fig. 6). Depending on the soil characteristics, the slit 
can be temporarily supported by a shoring slide .

Standard DIN 16456

Before using a new product, public and private clients 
rely on information on product characteristics, design 
principles, and instructions on the execution of con-
struction work. The German standard DIN 16456 

Fig. 3: Vinyl sheet pile with leading master pile

Fig. 4: Detail of a jointly driven master pile with steel 
clamps

Fig. 5: Jointly driven master pile and steel clamps 
before driving

Fig. 6: Jointly driven master pile and steel clamps - 
withdrawal of the leading pile

The steel clamps serve as both a connecting element and 
a driving shoe. After pulling the leading sheet pile, the 
steel clamps remain in the ground.

Sometimes soil layers may be present which can im-
pede the driving of sheet-pile walls irrespective of the 
pile material. To loosen these layers, there are other inser-
tion methods such as jetting, pre-drilling and trenching.

In jetting, the hard rock under the master pile is 
loosened by water pressure. This reduces the required 
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“Plastic sheet piling – Extruded sheet piling of plasticiz-
erfree polyvinyl chloride (PVC-U)” [2 to 4] is the first 
standard worldwide which contains recognised techni-
cal rules for the use of vinyl sheet piles made of PVC-
U in hydraulic engineering and general civil engineer-
ing. It thus offers clients, designers, and construction 
companies a uniform basis for work and support. DIN 
16456 consists of three parts:

 ▶ Part 1: Product [2]
 ▶ Part 2: Dimensions [3]
 ▶ Part 3:  Construction of sheet-pile buildings from 

plastic sheet piling [4]

Part  1 of the standard lays down the properties and 
necessary test procedures for extruded sheet piling in 
terms of their chemical composition and technical re-
quirements. It also contains information on produc-
tion control and testing to ensure the required quality 
standards are met. The product-specific checks at the ul-
timate limit state and at the serviceability limit state for 
extruded sheet piles embedded in the ground are speci-
fied in Part 2. It lays the foundations for the planning, 
design and construction of sheet-pile walls from vinyl 
sheet piles. Part 3 of the standard contains the require-
ments, notes and recommendations for the execution of 
permanent and temporary sheet-piling structures. 

Use of Vinyl Sheet Piling in Wetlands

The nature reserve Heilsmoor, a very well preserved 
upland moor, is situated in the district of Osterholz in 
Germany. Heilsmoor is part of the European Natura 
2000 network of protected area and is located in the 
area of the municipality Hambergen. The near-natural 
upland-moor stages of the Heilsmoor were to be pre-
served or developed further. This was to be achieved 
by impounding the Heilsmoor trench, leading to the 
rewetting of the moor. 

The Heilsmoor trench was to be chambered at eight 
points along its course by the installation of sheet-pile 
walls, and impounded to a given storage level. To this 
end, Vinyl sheet piling was installed at predetermined 
positions in the discharge cross-section, with an embed-
ment depth of at least 1.00 m into the river bed (Fig. 1). 
In addition to the sheet-pile walls in the watercourse, an 
approximately 240 m long sheet-pile wall was construct-
ed east of the Heilsmoor trench, parallel to the course of 
the trench (Fig. 7).

Summary and Conclusion

Vinyl sheet piles are innovative products used in dif-
ferent areas of general civil and hydraulic engineering. 
A comprehensive basis for the use of vinyl sheet piling 
was created with the German standard DIN 16456 [2 
to 4], which provides clients, planners and construction 
companies with approved regulations. In addition, vinyl 
sheet piling is used successfully in the rewetting of moors. 

Fig. 7: Impounded Heilsmoor trench and parallel 
sheet-pile wall

As a result of rewetting, a moor-typical water environ-
ment and a near-natural state are reached. The rewetting 
measures are of great importance for climate protection, 
as wet moors are important carbon reservoirs.
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Huesker launched the world’s first geogrid made 
from 100 % recycled PET. The new product offers 
the same quality as its conventional counterpart.

Geotechnics • Geosynthetics • Geogrids • 
Recycling • Environmental protection 

Geogrid made from recycled PET
Huesker Synthetic GmbH, Gescher, Germany

HUESKER Synthetic GmbH
Contact: 
info@huesker.de

With the introduction of the geogrid made from 100 % 
recycled PET, the Huesker Group is focusing on even 
more environmentally friendly solutions that already 
conserve natural resources during production and of-
fer the same quality as their conventional counterparts. 
The market launch started with an asphalt reinforce-
ment grid, which has been established on the market 
for decades and is used for the rehabilitation of asphalt 
pavements. It is now available in the ecoline range, is the 
same high quality and has the same product properties.  

The natural resources of the earth are limited. There-
fore, it is all the more important to develop solutions 
that sustainably reduce consumption for example, in the 
form of waste and close material cycles. This is where the 
ecoline concept comes in. As the first manufacturer of 
geotextiles worldwide, the Huesker Group, with head-
quarters in Gescher/Germany, is now producing one of 
its geogrids, the asphalt reinforcement HaTelit C, from 
100 % recycled polyethylene terephthalate (PET) yarns. 

Fig. 1: New asphalt reinforcement geogrid made from 100 % recycled PET
Source of the figures: Huesker Synthetik GmbH 

The conventional HaTelit C has been used success-
fully for more than 40 years as reinforcement in the re-
habilitation of asphalt pavements. Different from the 
classic HaTelit reinforcement grids, which consist of 
conventionally produced PET, the ecoline replaces one 
hundred percent of the PET yarns with recycled yarns. 

The recycled material is produced from disposed 
PET bottles, which can be fed back into the produc-
tion cycle in the form of granulate. The recycled PET 
is an equivalent substitute for the original PET yarn. It 
has the same high quality and the same properties. This 
was the prerequisite for the product launch of the eco 
version in order to be able to cover the full range of ap-
plications of the classic grid and at the same time offer a 
resource-saving alternative. For comparison: every kilo-
gram of recycled PET yarn saves around 4.3 kg of CO2 
emissions if conventional PET yarn is avoided. This cor-
responds to a car journey of 33 km (passenger car with 
emissions of 130 g equivalent CO2/km). Extrapolated 
to the production of geotextiles the size of a football 
pitch (7,140  m2), about 1,200  kg of CO2 are saved, 
which corresponds to a distance of 42,000 km by car. 

Huesker geotextiles are used worldwide in a wide 
variety of projects. These include earthworks and foun-
dations engineering, roads and pavements construction, 
hydraulic engineering, environmental engineering and 
mining. They often carry enormous loads, are exposed 
to heavy stress and must perform to high standards in 
their fields of application, such as slope protection, seal-
ing for groundwater protection, flood protection or re-
inforcement in road construction. In order to maintain 
the high quality and reliability, Huesker products are 
subjected to regular quality controls and qualified mon-
itoring of the entire production process by the in-house 
accredited laboratory as well as external monitoring by 
official material testing institutes. 

HaTelit C eco is the first step. Huesker will continue 
its ecoline with further products in the near future.

Fig. 2: Installation of an asphalt reinforcement grid 
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In the major project Stuttgart-Ulm of the Deutsche 
Bahn AG, geosynthetics are used in various areas 
and with different functions. This part 2 of a series 
of papers deals with applications of geogrids with 
a reinforcement function.
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Building with Geosynthetics in the Stuttgart-
Ulm Major  Project of the Deutsche Bahn AG – 
Part 2 Geogrid Applications
Dipl.-Ing. Markus Hempel, Naue GmbH & Co. KG, Espelkamp-Fiestel, Germany

In the realization of the major project Stuttgart-Ulm 
(Figs. 1 and 2 and info box), geosynthetics are used to 
a considerable extent in numerous applications:

 ▶ Rail-track sealing with geomembranes (GBR-P) 
and protective nonwovens for groundwater protec-
tion in Part 1 of this series [1, 2]

Fig. 1: Route cross-section of the part-project Stuttgart 21 from Stuttgart- Feuerbach via the Central station (1) to Wendlingen (2)
Source: www.bahnprojekt-stuttgart-ulm.de, modified

Fig. 2: Route cross-section of the part-project new rail route from Wendlingen (2) to Ulm (3) with the positions of the geogrid applications
Source: www.bahnprojekt-stuttgart-ulm.de, modified

 ▶ Geogrid applications in Part 2 of this series
 ▷ Base reinforcement of embankments in karst ar-
eas

 ▷ Material-loss prevention in karst areas 
 ▷ Sub-base reinforcement for segment storage areas
 ▷ Geosynthetic-reinforced earth (RE) under tem-
porary segment production plant and rail line

 ▷ Retaining structure with geogrids and nonwo-
vens as filter and separator in the area of a rescue 
area and the access road

 ▶ Tunnel sealing with geomembranes (GBR-P) and 
protective nonwovens, and tunnel drainage with 
geosynthetic drainage composites

In Part 2 of this series of articles the various applications 
of geogrids with reinforcement function are explained 
in detail and presented. In Fig.  2 the positions of the 
applications mentioned are indicated.
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Geogrids as embankment-base 
 Reinforcement in the Karst Area  
of the Swabian Alb

The embankment D7 with a length of about 260 m and 
a maximum height of about 8 m (marked C in Fig. 2) 
starts in the middle of the plan approval section (in Ger-
man PFA for Planfeststellungsabschnitt) 2.3, at NBS 
chainage 65.865  km. The advance karst investigation 
found a deep karst sink around 150 m long in the area 
of the embankment. This sink was filled to a large extent 
with soft to stiff, medium to highly plastic Alb loams, 
boulders and weathered materials.

Due to the local subsoil conditions, a deep soil re-
placement was initially planned, i. e. to a depth of ap-
prox. 4.0  m below ground level. However, since the 
investigation found Alb loams to depths greater than 
10.5 m below ground level, layers of loam up to 6.5 m 
thick would have remained in some areas.

In light of the planned retention of the Alb loam 
below the soil replacement, settlement and consolida-
tion calculations were carried out. It had to be verified 
that the calculated residual settlement would meet the 
requirements of Ril  836 [3] after a one-year pre-load 
with a height of 2.0 m. In addition, the stability of the 
embankment opposite slope failure and embankment-
base sliding was to be verified. 

Since the Alb loam was to remain below the soil ex-
change, undrained or only partially consolidated con-
ditions had to be assumed for the construction phase, 
i. e. for the placement of embankment fill to a maximum 
height of approx. 8 m. To guarantee stability in accord-
ance with DIN  4084 [4] for the construction phase 
under partially consolidated conditions, the calcula-
tions showed that a basal reinforcement was required 
(Fig. 3).

The embankment base reinforcement required dur-
ing the construction phase was provided by flat-bar 
geogrids of polyester with welded junctions (Fig.  4). 
This geogrid construction method using appropriately 
high-strength geogrids [5] enabled construction of the 
embankment to be carried out without any delays; and 
costly and time-consuming deep foundations for the 
embankment were rendered unnecessary.

Geogrids to prevent Loss of Material 
leading in Karst Areas of the Swabian Alb 
Plateau

On the Alb plateau, the route of the railway crosses 
karstified or potentially karstified areas with a possible 
risk of karst cavities. In the context of design planning 
extensive studies on the structural control of karst issues 
were carried out. The results showed that during con-
struction, the occurrence of various karst phenomena as 
well as extremely changeable subsoil had to be expect-
ed. The construction work was therefore accompanied 
by detailed investigations of local karst phenomena 
through further direct exploration.

Fig. 4: New Wendlingen-Ulm rail route, PFA 2.3, embankment D7, installation 
of base reinforcement, and fill placement
Source: Naue GmbH & Co. KG

Fig. 3: New Wendlingen-Ulm rail route, PFA 2.3, embankment D7, verification 
of  stability during construction phase
Source: Kempfert + Partner Geotechnik

About Deutsche Bahn AG Stuttgart-Ulm 
Major Project
The Deutsche Bahn AG Stuttgart-Ulm major pro-
ject comprises the two part-projects currently 
under construction, Stuttgart 21 and the new rail 
route (NBS) from Wendlingen to Ulm. The part-
project Stuttgart 21 includes, among other things, 
the construction of 57  km of new rail routes, 
of which 33  km are in tunnels (Fig.  1). The NBS 
Wendlingen-Ulm part-project is 59.5 km long, and 
30.4 km of this are in tunnels (Fig. 2). The NBS is 
planned for long-distance and regional passen-
ger-transport as well as for freight transport with 
a maximum speed of 250 kph. The route is an inte-
gral part of the Axis no. 17 of the Trans-European 
Networks (Paris-Budapest/Bratislava).
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In order to take the various potentially occurring 
karst phenomena into account during the planning 
phase, the use of geogrids to bridge potential sinkholes 
and prevent loss of granular material was planned in ar-
eas with loose ground. In the areas with bedrock, a layer 
of unreinforced concrete with a thickness of at least 
15 cm was planned to prevent loss of material.

In principle, if karstification or the development 
of relatively narrow cracks occurs, these measures are 
intended to prevent the trickling of soil (embankment 
fill material, frost protection blanket) from the super-
structure, substructure or subsoil into such cavities. The 
standard cross-section in Fig. 5 shows the arrangement 
of a geo grid as protection against loss of material.

In addition, the five rainwater purification and seep-
age basins (Fig. 6) on the Alb plateau are also equipped 
with a flexible protection system using geogrids. The 
minimum required permeability of the protection layer 
for seepage water could thus be ensured. The fissures 
and crevices in the karst subsoil deliberately left to en-
sure sufficient seepage are also bridged as planned by the 
geogrids.

When planning the flexible protection against soil 
loss, the geogrids were designed such that a potentially 
occurring and/or undetected karst fissure with a hori-
zontal width of 30  cm can be secured for a service life 
of 100 years (Fig.  7). The arrangement of the geogrids 
is intended to bridge deformations caused by potential 
sinkholes with a long-term maximum permissible elonga-
tion of 2 %, so that the deformations at the road surface 
remain as low as possible. For the application in question, 
a manufacturer-related product qualification (HPQ) 
of Deutsche Bahn in accordance with DB Standard 
(DBS) 918 039 [6] must be available for the geogrid to 
be used. The calculations were made on the basis of DIN 
1054:2010-12 [7] and the EBGEO [8]. Since sinkholes 
are unlikely to occur directly next to one another, this ap-
proach can be regarded as realistic. The calculation meth-
od B.G.E according to [9] or [8] was used, in which a bi-
axial load-transfer model with an isotropic geosynthetic 
reinforcement was considered. Lateral reaction was taken 
into account in the load transfer model, so that a certain 
amount of load transfer takes place via lateral reaction be-
tween the fracture funnel and the in-situ soil.

In the calculations, the bridging of potential sink-
holes was verified for a service life of 100 years with a 
limit on the elongations of 2 % by means of a layer of a 
polyester-strip geogrid with welded junctions, Secugrid – 
in the cuttings with an isotropic geogrid with a maximum 
tensile strength of 40 kN/m and in the area of the rainwa-
ter purification and seepage basins with maximum tensile 
strengths of 120 kN/m in machine direction (md) and 
40 kN/m in the cross-machine direction (cmd).

In this application, the geogrids must always be contin-
ued for the calculated anchorage lengths outside the area 
at risk of sinkhole formation. The geogrid must be laid in 
such a way that the load-propagation area of the railway 
traffic loads is covered. The anchorage lengths must always 
be planned outside the load-propagation area.

Fig. 5: NBS Wendlingen-Ulm, PFA 2.3, arrangement of geogrid reinforcement 
to counteract material loss
Source: INVER extract from execution planning

Fig. 7: Schematic diagram of the bridging of a 
 sinkhole with geogrids [8]

Fig. 6: NBS Wendlingen-Ulm, PFA 2.3, system drawing of a rain-clarifier and 
seepage basin
Source: DB Projekt Stuttgart-Ulm

Geogrids for temporary Sub-base 
 Reinforcement in Segment Storage Areas 
on the Bossler and Albvorland Tunnels

The Albvorland Tunnel with a length of 8,176 m and 
the Bossler Tunnel with a length of 8,806 m in PFA 2.1 
and 2.2 of the NBS Wendlingen-Ulm (markings A and 
B in Fig. 2) will belong after completion to the ten long-
est railway tunnels in Germany. The tunnels consist of 
two single-track tunnels, each of which has been or will 
be constructed by machine with a total of more than 
50,000 precast concrete segments. The segments re-
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load-bearing capacities. According to the geotechnical 
reports, the changing subsoil conditions were grouped 
into three so-called homogeneous areas (Fig. 10).

Taking into account the respective subsoil condi-
tions as well as the specified loads and dimensions of the 
individual foundations for the support of the segments, 
the required geogrid reinforcement layers were designed 
in accordance with EBGEO [8] in Limit State 1B, tak-
ing DIN 1054 [7] and DIN 4017 [10] into account. In 
this design approach, in addition to the safety against 
bearing failure, the criterion of punching-through is also 
checked and adequately designed for. The design result-
ed in different system configurations depending on the 
subsoil conditions pertaining. Using strip geogrids made 
of polyester bars with welded junctions, both two-layer 
and three-layer reinforced system configurations were 
adopted. Fig. 11 shows examples of geogrid-reinforced 
base course structures for homogeneous areas 2 and 3 
and Fig. 12 shows the construction work.

Temporary RE  Structures at the Bossler 
Tunnel

In addition to the geogrid-reinforced segment stor-
age area, geosynthetic-reinforced retaining structures 
were used as temporary structures at the Bossler Tun-

Fig. 11: Segment storage area at the Bossler Tunnel – sub-base structure in homogeneous areas 2 (left) and 3 
(right)
Source: Naue GmbH & Co. KG

Fig. 10: Segment storage area at the Bossler Tunnel – homogeneous areas 
marked
Source: Fichtner Bauconsulting GmbH

Fig. 8: New Wendlingen-Ulm rail route, segment  factory 
and storage area at the Bossler Tunnel
Source: www.bahnprojekt-stuttgart-ulm.de

Fig. 9: New Wendlingen-Ulm rail route, part of the storage area at the 
Bossler Tunnel
Source: www.bahnprojekt-stuttgart-ulm.de

quired for the construction were and are stored in the 
area of the tunnel portals (Figs. 8 and 9).

Since very heterogeneous subsoil conditions were 
encountered in the area of the segment storage areas, a 
sub-base reinforcement with geogrids was planned. The 
use of the geogrids ensures the stability of the storage 
area against bearing failure on the one hand while on 
the other hand reducing potential differential settle-
ments as far as possible. The segment storage area at the 
Bossler tunnel is underlain by subsoils of variable to low 
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nel (marking B in Fig. 2 and Fig. 8). To transport the 
segments from the storage area to the tunnel boring 
machine, a 1,500  m long temporary railway line was 
built on a geogrid-reinforced supporting structure 
(Fig.  13). The segment plant as a temporary field 
factory for the production of segments was erected 
directly on a 6  m high geogrid-reinforced retaining 
structure (Fig. 14).

For these retaining structures a special facing 
system was used [11]. The facing is stabilized by a 
geogrid wrap-around with a nonwoven inside. The 
ungalvanised steel-mesh elements, bent to the slope 
inclination, initially serve as sacrificial shuttering and 
as shaping elements. The steel-grid elements are not 
taken into account in the design calculation of the 
overall stability of the soil mass. The wrap-around of 
the geosynthetic reinforcement into the structure cre-
ates a highly resilient soil body whose shape can be in-
dividually adapted. A design calculation must in any 
case be carried out in accordance with DIN 1054 [7], 
DIN 4084 [4] and EBGEO [8]. The system reinforce-
ment is based mainly on the soil-specific properties 
and the load assumptions.

The advantages of these retaining structures made 
of geosynthetic-reinforced earth (RE) are not limited 
to their structural-technical properties and the usability 

Fig. 14: RE structure for segment factory at Bossler 
Tunnel – during construction (top) and com-
pleted with segment factory (bottom)
Source: Naue GmbH & Co. KG

Fig. 12: Segment storage area Bossler Tunnel during 
construction
Source: Naue GmbH & Co. KG

Fig. 13: Construction of the RE structure for the seg-
ment railway at the Bossler Tunnel – first layer 
(top), second layer (middle) and structure with 
outer facing (bottom)
Source: Naue GmbH & Co. KG

of low-cost building material (soil), but also include the 
almost 100 % recyclability of the structure.

Permanent RE  Construction in the   
Rescue Area and the Access Road  
to the  Albabstieg Tunnel

As part of the operational concept for fire and disaster 
protection, a rescue area with a direct connection to the 
public transport network was provided at the Dorn-
stadt tunnel portal of the Albabstieg Tunnel. The rescue 
area had to be in accordance with the requirements of 
DIN 14090 [12]. The entrance and exit to the rescue 
site were therefore to be constructed with a carriageway 
width of 6 m. According to the design plan, the base 
course of the rescue area and the access road were to be 
constructed from high shear-strength, crushed tunnel-
excavation material 0/56 mm which was to be wrapped 
in a high-strength geotextile. 

In accordance with DIN 14090 [12], a single load 
of 140 kN should be taken into account in the design 
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of the rescue area. A standard slope inclination of 1 : 1.5 
was adopted. The stability of the embankment when ap-
plying the single load at a minimum distance of 0.75 m 
from the shoulder of the embankment was math-
ematically verified and realised in a RE construction 
with a cushion-shaped wrap-around of the geogrids 
along the embankment side slopes [13]. The design 
method and the verification were in accordance with 
DIN  1054:2010 [7] using the partial safety concept 
of DIN 4084 [4] and EBGEO [8]. The result was that 
two layers of Secugrid geogrid with maximum tensile 
strengths of 120 kN/m (md) and 40 kN/m (cmd) and a 
layer spacing of 0.50 m were computationally required, 
taking into account the described outer facing with em-
bedment lengths of 5 and 7 m for the geogrids. 

According to the draft design, the embankment fill 
for both the rescue area and its access road was to consist 
of high shear-strength, crushed tunnel excavation mate-
rial with a size of 0/56 mm. The lowest 50 cm layer was 
to be reinforced with a geogrid and placed on a geotex-
tile separating layer. According to the site investigation, 
the excavated base was located in quaternary washout 
materials for which an average deformation modulus 
Ev2 of 7.5  MN/m² could be assumed. A deformation 
modulus Ev2 of 45 MN/m² was required on the top sur-
face of the embankment fill. The design showed that the 
required load-bearing capacities and stability could be 
achieved by installing a layer of Secugrid geogrid with 
a maximum tensile strength of 40 kN/m (md and cmd) 
with a robust nonwoven [14] as a separating layer.

Conclusion

Thanks to the diverse use of geogrids in numerous ap-
plications, very reliable and extremely economical tech-
nical construction methods were able to be realised on 
the new Wendlingen-Ulm line. In the permanent ap-
plications, e. g. at the rescue area at the Albabstieg Tun-
nel, the high demands on the load-bearing capacity for 
heavy rescue equipment were ensured on a sustained 
basis in the event of an accident. In the temporary appli-
cations, the RE structures represent a very environmen-
tally friendly construction method at the end of their 
working life, as the individual construction materials 
can be recovered homogeneously and are 100 % recy-
clable. Dismantling work has already begun in some of 
the applications described.
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Soil cement can be produced without excavating 
the soil and backfilling thanks to the Schökem 
process. The innovative method caters for mani-
fold application possibilities in special foundation 
engineering.

Geotechnics • Construction  process • 
Machinery • Innovation • Efficiency •  
Specialist foundation  engineering

Soil Cement Foundations in no Time  
without Soil Exchange
Joachim Zeitner, Communications + Co, Karlsruhe, Germany

Progress through innovation – with this motto in 
mind, Kemroc Spezialmaschinen GmbH from Leim-
bach, Germany and Schönberger Bau GmbH & Co. 
KG from Zenting, Germany developed the innova-
tive Schökem process. A new excavator attachment 
for ground stabilisation (Fig.  1) of the Kemroc Spe-
zialmaschinen GmbH is the basis for the innovative, 
enhanced deep soil mixing method, known as the 
Schökem process. After penetration, the excavator at-
tachment (Fig. 1) can simultaneously inject and mix a 
binder suspension with the soil, creating a soil cement 
structure – without the need for any soil excavation, 
replacement, shoring  or backfilling. These soil cement 
structures represent the solution for many foundation 
problems in civil engineering projects.

The enhanced Process

The Schökem process is based on a standardised proven 
method of soil stabilisation by mixing soil and cement, 
the deep soil mixing process (DSM) known for decades 
by planners and contractors in the field of special foun-
dation engineering [1, 2]. For this method, soil and a 
binder suspension are mixed using a special soil cutting 
machine. In this way, homogeneous, water imperme-
able, frost-proof and joint-free soil cement bodies are 
created.  The DSM can be applied for instance, in trans-
port route construction – perhaps to improve the foun-
dations in railway construction, secure hard shoulders 
on roads as well as immobilise toxic substances – or in 
flood protection. The method protects resources in all 
these applications, as the movement of excavated mate-
rial and fill is reduced to a minimum. 

Now the process has been enhanced as a result of 
close collaboration between the producers, the Kem-
roc Spezialmaschinen GmbH and the special founda-
tion engineering company Schönberger Bau GmbH & 
Co. KG. Their modified method is also available to the 
operators of standard hydraulic excavators and is even 
more flexible to boot (Fig. 2). The new KSI (Kemroc 
Schönberger Injektor) series was devised by modifying 
tried-and-tested trench cutters with cutting chain. It 
includes a hose connection at the drive unit and guide 
channels at the side to carry the binder suspension. The 
proportion of binder in the carrier fluid can be precisely 
adjusted in modern suspension mixing units.  For this 

Fig. 1: Stabilisation machine to be attached to 
 hydraulic excavators

purpose, the two collaborating partners have plumped 
for a compact and containerised configuration provided 
by the Gertec GmbH, Waltenhofen, Bavaria. It is possi-

Fig. 2: Stabilisation machine in 
action

Fig. 3: Soil mixing and addition of 
binder through injectors at the 
side without soil replacement
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ble to produce soil concrete bodies with exactly defined 
properties through precisely adjusting the suspension 
for the soil in question. In this way, resilient, precisely 
contoured structures made of soil cement can be pro-
duced by thoroughly mixing the soil and adding a bind-
ing agent without soil replacement (Fig.  3). They can 
be used:

 ▶ In road construction for:
 ▷ Edge beams
 ▷ Restructuring shoulders
 ▷ Stabilising slopes and embankments

 ▶ In flood protection for:
 ▷ Sealing walls
 ▷ Dam stabilisation
 ▷ Diaphragm walls 

 ▶ For enclosing construction trenches in foundation 
and pipeline engineering

 ▶ In railway construction

The Schökem process only requires a two-hour period 
to be set up (Fig. 2). The universal KSI units can oper-
ate on comparatively narrow standard hydraulic excava-
tors. They thus provide a maximum of mobility given a 
minimum of investment. This also applies for construc-
tion sites with relatively small dimensions – say in the 
case of foundations or securing construction trenches in 
civil engineering. However, larger soil cement structures 
are also conceivable: The Schökem process caters for a 
working range of the excavator of 500 m in each direc-
tion given the Gertec GmbH’s suspension mixing unit’s 
standard configuration. High working progress can be 
attained here: installation rates of 1 m/min have already 
been achieved in cohesive soils (Fig. 4).

Stable, watertight soil cement bodies are created 
after hardening for a few days (Fig.  5). During suit-
ability tests and initial field trials, the  Geotechnisches 
Ingenieurbüro Dipl.-Ing. A. Pampel GmbH (GCE) 
from Leipzig, Germany, established the homogeneity, 
strength and density of the soil cement bodies. They 
attain according to details provided by the Kemroc 
Spezialmaschinen GmbH – depending on type of soil 

Equipment and Services
The new KSI soil stabilising attachment is avail-
able in two sizes with a variety of blade lengths. 
The KSI 5000 drive unit (130 kW rated power) can 
be equipped with blades for 3, 4 or 5  m mixing 
depth and used on excavators in the 30 to 50  t 
operating weight range depending on the blade 
length. The larger KSI 10000 (220 kW rated power) 
can be fitted with blades for mixing depths of 6, 8 
or 10 m and can be used on excavators in the 45 to 
70 t weight range. Accessories for both models in-
clude mixer extensions (1 m), the KRM 80 rotation 
unit and replacement mixer teeth. The KSI range 
of stabilisation attachments are available from 
KEMROC or Schönberger Bau. The Bavarian civil 
engineering company also offers soil-cement sta-
bilisation as a service provider in German speak-
ing countries.
Contact:

 ▶ Dipl.-Ing. Klaus Ertmer, CEO of KEMROC Spe-
zialmaschinen GmbH, Leimbach, Germany: 
info@kemroc.de

 ▶ Florian  and Matthias Schönberger, CEOs of 
the Schönberger Bau GmbH Co. KG, Zenting, 
Germany: info@schoenberger-bau.de

Joachim Zeitner
is a specialist journalist, communications + co, 
 Karlsruhe, Germany.
Contact: 
joachim.zeitner@t-online.de

Fig. 4: In action with good 
working progress

Fig. 5: Soil cement exposed on test area for 
 inspection and testing purposes

and proportion of binder – a compressive strength of 
roughly 3 to 4 MPa.

Outlook

The improved DSM according to DIN EN 14679, 
known as the Schökem process to produce soil cement, 
goes easy on resources and is efficient thus making it of 
interest for many applications in special foundation en-
gineering.
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Bheri Babai Diversion Multipurpose Project 
(BBDMP) is one of Nepal’s 11 National Pride Pro-
jects-prioritized plans sanctioned by the Gov-
ernment of Nepal to further develop the mostly 
rural country. The BBDMP TBM excavation was a 
success. Nepal’s first tunnel boring machine broke 
through in April 2019 – about one year ahead of 
the project schedule. 

Tunnelling • Mechanized Tunnelling • TBM • 
Geology • Efficiency • Nepal

Over 1,200 Meters per Month at the Bheri 
 Babai Diversion Multipurpose Project in Nepal
Desiree Willis, The Robbins Company, Washington, USA

In April 2019, a Robbins Double Shield TBM (Fig. 1) 
defied the notoriously difficult geology of the Himala-
yas to break through about one year ahead of the overall 
project schedule, and seven months ahead of the TBM 
tunneling schedule (Fig. 2). Nepal’s first tunnel boring 
machine, at 5.06  m (16.6  ft) diameter, achieved over 
1,000 m (3,300 ft) monthly advance on two separate oc-
casions and averaged over 700 m (2,300 ft) per month 
over the course of tunneling. The machine completed 
the 12.2 km (7.5 mi) Bheri Babai Diversion Multipur-
pose Project (BBDMP) for the Government of Nepal’s 
Department of Irrigation (DOI) and contractor China 
Overseas Engineering Group Co. Ltd. Nepal Branch 
(Covec Nepal).

Moving Water to the People

The BBDMP is one of Nepal’s 11 National Pride Pro-
jects-prioritized plans sanctioned by the Government of 
Nepal to further develop the mostly rural country. Once 
online, the tunnel will irrigate 60,000 hectares of land in 
the southern region of Nepal, benefitting an estimated 
30,000 households. It will divert 40 m3 of water per sec-
ond from Bheri River to Babai River under a head of 
150 m using a 15 m tall dam, providing year-round ir-
rigation in the surrounding Banke and Bardia districts 
(Fig. 3). The water will also be used for hydroelectricity, 
with a generating capacity of 48 MW. The estimated an-
nual benefit in Nepalese Rupees is $2.9 billion for irriga-
tion, and $4.3 billion for hydropower, making a total of 
NPR $7.2 billion (approx. USD $64 million) in ben-
efits once the project becomes active. 

The project owner chose a TBM over the traditional 
drill & blast method due to the faster mobilization and 
rate of advance offered by mechanized mining. The 
TBM was also seen as an opportunity to prove the vi-
ability of the method in the notoriously difficult Hima-
layan geology.

When the BBDMP was fast-tracked by the govern-
ment, feasibility studies showed that drill & blast exca-
vation of the tunnel could take as long as 12 years. The 
DOI needed a faster option, and they found it in TBMs. 
They began working with local Robbins representatives 
from Mosh Tunnelling Company, Lalitpur to bring what 
would be the first Nepalese TBM ever into the country. 
The process for the DOI to acquire funding for the pro-
ject and select a contractor through international com-
petitive bidding took seven years, spanning from 2007 
to 2015, when project commencement officially began. 

The success of the BBDMP, a national pride project, 
was deemed paramount for the country as well as the 
TBM industry. Once online the tunnel is expected to 

Fig. 1: The Robbins TBM broke through in April 2019.
Source of the figures: The Robbins Company

Fig. 2: Actual vs planned progress
The TBM consistently achieved faster advance rates (red) than were planned (blue). Logistics, 
teamwork, maintenance, and rigorous daily checks of the ground conditions all contributed 
to the good project schedule.

Fig. 3: Tunnel alignment
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range with a maximum rock cover of 820 m and gain an 
altitude of 152 m. It would also need to pass through 
the Bheri Thrust Zone, a 400 to 600 m wide fault ex-
pected to contain clay and water.

In order to ensure that the machine was successful, 
additional features were built into the design, to prevent 
the machine from becoming stuck while navigating the 
possible squeezing ground and water ingress (Fig. 5):

 ▶ Stepped shield: Making the shield sections step 
down to smaller diameters, from the head to the 
tail, opened up the annular gap at the tail of the 
machine. This allowed for more space around the 
machine for the ground to contract and lessened the 
chance of the shield becoming stuck. 

 ▶ Probe drilling: By probing drilling in front of the 
machine, the upcoming ground conditions and wa-
ter content could be checked. If poor ground was 
found, grouting could take place to consolidate the 
zone ahead of the machine. This created a solid plug 
to bore through. Because high water was planned 
for, this machine was equipped with several probe 
drilling locations. 14 ports in the gripper shield 
at seven degrees were in line with a rear probe on 
a ring. There were also eight ports in the forward 
shield at seven degrees that could be drilled by hand. 
In case of large amounts of water, this array of drill-
ing and grouting gave a full 360 degrees of coverage.

 ▶ Shield lubrication: Although this system was not 
used, ports were designed radially into the gripper 
shield that could be used to pump bentonite or oth-
er additives to the shield skin to help lubricate the 
surface and keep the machine moving in squeezing 
ground.

 ▶ Forepoling: Ports were also designed into the for-
ward shield for the option of adding a forepoling drill 
in the upper forward shield area. This feature would 
be able to drill holes at 22 degrees, where poles could 
be inserted into the ground above the machine in an 
overlapping pattern to stabilize the ground.

Record Machine Performance

The start of boring commenced on October 16, 2017. 
After the initial start-up period, during most months the 
excavation rates exceeded and sometimes doubled the 
planned rates (Fig. 6). The TBM averaged over 700 m 
per month, excavating up to 1,202 m in one month and 
completing the project about one full year earlier than 
planned (Fig. 7). Ground conditions were better than 
predicted, with 92 % of the tunnel lined using Type 1 
segments (less reinforcement) and only 8 % of the tun-
nel requiring more heavily reinforced Type 2 segments. 
Predictions prior to tunneling stated as much as 26 % of 
the tunnel might require Type 2 segments. 

The TBM also navigated the Bheri Thrust Zone suc-
cessfully. Through a series of effective measures taken by 
the contractor, the fault zone was navigated safely and 
without delay (Fig. 8). Construction organization was 

Fig. 4: The custom-designed 5.06 m diameter  
Robbins Double Shield TBM 
completed Nepal’s first TBM-driven tunnel nearly one year 
ahead of the original project schedule.

Fig.5: The Robbins Double Shield TBM on site

help aide the food crisis in the mid-western region of 
Nepal by increasing agricultural yields and invigorating 
socio-economic development in the region. More than 
100 km of tunneling are planned for Nepal in the next 
five years, of which more than 50 % is considered feasi-
ble for TBM excavation. Many projects that would pre-
viously have recommended drill & blast only are now 
considering TBMs an option as a result of the success of 
the BBDMP TBM excavation. 

Mountainous Machine Design

Contractor Covec Nepal prepared for the challenges 
associated with tunneling in the tough geology of the 
Siwalik Range, part of the Southern Himalayan Moun-
tains, with procurement of a custom-designed 5.06  m 
diameter Robbins Double Shield TBM (Fig.  4). The 
Siwalik range consists of mainly sandstone, mudstone 
and conglomerate, requiring a TBM that could with-
stand squeezing ground, rock instability, water inflows 
and fault zones. 

In order to connect the two river valleys, the TBM 
(Fig. 3) would have to bore 12,210 m under a mountain 
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carried out from the aspects of equipment maintenance, 
resource mobilization, technical preparation, emergen-
cy drills, etc., and the Horizontal Sonic Profile Method 
(HSP) was introduced to predict geological conditions 
100 m ahead of the tunnel face. The HSP prediction re-
sults were verified with probe drilling, so that the TBM 
passed through the fault zone safely and smoothly with-
in only one week without any difficulty.

A few Challenges

Despite a smooth excavation for the majority of tunnel-
ling, there were several challenges that the crew was able 
to navigate successfully. On December 27, 2017, large 
amounts of water began pouring from the 8 o’clock po-
sition more than 1 km into tunneling. As the machine 
advanced, the ingress of water shifted to the 11 o’clock 
position. An estimated rate of greater than 2,000 l/min 
was seen. Since this section was mainly composed of 
sandstone and the rock strength was relatively high, 
the contractor thought it was unnecessary to carry out 
grouting for water plugging, but adopted the methods 
of slow excavation, enhanced pumping and drainage, 
and intensified back-filling and plugging.

A second occurrence of high water happened on 
January 6, 2018 a few hundred meters later. Water en-
tered at the 12 o’clock position at an approximate rate of 
greater than 2,000 l/min. Again, the contractor adopted 
the methods of slow excavation, enhanced pumping and 
drainage, and intensified back-filling and plugging. As 
the section was in sandstone stratum with excellent sta-
bility, and the ingress of water through fissures in the 
rock, it was determined that there were minimal risks 
of the TBM being stuck or buried. The resolution was 
to slowly bore through the water without any drilling or 
grouting to stop the water.

Not all challenges were water-related. On Octo-
ber 10, 2018 the machine became stuck and could not 
progress more than 8 km into tunneling. Up until this 
point, the axis of the tunnel was perpendicular to the 
grain of the rock, a favorable condition for tunneling. 
However the ground conditions began to change, and 
the grain became nearly parallel to the tunnel axis. The 
geological conditions of the tunneling face were soft on 
the left-hand side and harder on the right-hand side, 
so the machine alignment became difficult to control. 
The TBM started to shift and reached a deviation from 
center of around 131 mm. At this point, the machine 
became lodged in place. A high thrust of 18,500  kN 
was exerted and was not able to move the machine. In 
order to move the machine, a bypass passage was exca-
vated from the right side of the telescopic section up 
to the cutterhead.  It was cleared out from around the 
5 o’clock position to the 12 o’clock position. A thrust of 
10,000 kN was then applied and the machine was able 
to start boring again. The bypass was completed and the 
machine was moving again in just five days.

Just a few meters later at the 8.6 km mark the cut-
terhead became jammed. Loosely cemented sandstone 

Fig. 6: TBM in operation
After an initial startup period in November 2017, the machine began averaging over 700 m 
per month, and achieved over 1,000 m per month on several occasions.

Fig. 7: Meters bored per month 
with the top month of 1,202 m  highlighted in orange

Fig. 8: Contractor prepared for the challenges in tough geology
Despite challenges, the Covec team navigated a known fault zone successfully and was 
able to overcome water inflows and other conditions in a matter of days.
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trains and continual supply of components was needed 
to keep up with the fast pace of ring builds. In addition, a 
geologist on site conducted twice daily face mapping so 
that operational parameters and other measures could 
be adjusted accordingly. This type of mapping is criti-
cal in mountainous tunnels where the expected geology 
may differ from the geological report. The geologist also 
analyzed the geology at the tail shield. Lastly, favorable 
geology was a big factor, with less water than expected 
in fault zones (Fig. 10). All in all, the BBDMP was a 
huge success, and has opened up the Nepalese tunneling 
industry for future excavation using TBMs in Himala-
yan geology.

Fig. 10: The specialized Robbins Double Shield TBM 
included a stepped shield design and enhanced probe 
drilling capabilities for excavation in potentially squeezing 
ground conditions.

Fig. 9: Use of hexagonal segments
The fast rate of advance could have been due to the use 
of hexagonal segments concurrent with boring, among 
other factors.

and high-pressure water ingress around the 11  o’clock 
position triggered an over-break at the left crown area 
and jammed up the cutterhead. To control the water in-
gress, 1,287 kg of polyurethane was injected through a 
16 m deep probe hole. This almost completely stopped 
the water. A torque of 440 kNm was then applied to the 
cutterhead and it was able to become dislodged.

Reflections on fast Advance 

There were multiple reasons for the extremely good per-
formance at this tunnel site. The site staff made it a high 
priority to maintain the machine daily, and were vigilant 
with their cutter changing standards. The operators took 
the approach to boring of maintaining a continuous and 
stable excavation thorough the difficult areas as opposed 
to stopping to drill and grout. Besides the two exceptions 
previously discussed, this method was successful. 

The use of hexagonal segments may be another con-
tributing factor (Fig. 9). The hex segment design is well 
suited to Double Shield TBM tunneling. Only four 
segments are needed per ring, and these are built con-
current with boring. The hex shape of the 300 mm seg-
ments prevents cruciform intersections at radial joints, 
while cast-in pads on each invert segment allow it to be 
built directly on the invert, via the hooded tail shield. 
Lastly, the staggered arrangement of the hex shape al-
lows segments to be built in two half cycles when using 
a long thrust jack stroke.

As is the case in most long tunnels, logistics were 
a key to keeping advance rates high. Coordination of 

Desiree Willis
Desiree has explored  
a wide variety of  
editorial topics in the 
tunneling industry,  
from high cover  
projects to soft ground 
TBM design.

Contact: willisd@robbinstbm.com
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The GeoResources Team interviewed Klaus 
Wachter, CEO of SCAUT, the Swiss Center of Ap-
plied Underground Technologies. This compe-
tence center seeks to employ existing know-how 
for the innovative use of the underground space.

Tunnelling • Interview • Switzerland • 
Cooperation • Underground space • 
Innovation

SCAUT – the Swiss Competence Center for the 
innovative Use of the Underground Space
GeoResources Team in an interview with Klaus Wachter, CEO of SCAUT

GeoResources: Hello Mr Wachter. Our contact with 
members of the SCAUT organisation has made us curi-
ous to find out more about your competence center. We 
therefore welcome the opportunity that this personal 
meeting gives us to obtain further information for our-
selves and the readership of our technical journal Geo-
Resources. We were wondering, for example, whether 
the main focus of your Swiss-based association is essen-
tially directed at the home market?

Klaus Wachter: Good day Mr König. I am pleased to 
know that our work here has aroused your interest. The 
Swiss Center of Applied Underground Technologies, 
or SCAUT for short, is involved with new and innova-
tive concepts and solutions for better use of the under-
ground space. As Switzerland, due to its topography, has 
built up a very good reputation worldwide for its under-
ground mining and construction activities we decided 
to include ‘Swiss’ in the name as a kind of branding. 
However, this does not mean that we and our various 
projects will be limited to the borders of Switzerland. 
Our partner network includes, for example, firms from 
Germany, Belgium, France, China and Australia. 

GeoResources: What was the motivation and vision 
that led to the establishment of your competence cent-
er? Is it more technological in nature or is there also a 
macrosocial side to it?

Klaus Wachter: SCAUT was initiated on the inau-
guration day of the Gotthard Base Tunnel, the world’s 
longest railway tunnel. The motivation behind it was to 
capture the knowledge, expertise and technologies de-
veloped from this once-in-a-century undertaking, and 
from other innovative underground engineering pro-
jects, in order to use them to establish the world’s first 
competence center of its kind and to make them avail-
able for various applications in the underground space. 
This know-how can, as mentioned, be used for technical 
developments, although in general − with increasing 
urbanisation and the resultant shortage of space above 
ground, along with growing mobility and infrastructure 
needs − we can also identify a macrosocial interest in 
the targeted development of the underground space.

GeoResources: When did you set up SCAUT and 
what kind of people or companies were involved in it? 
What are the core competences of your association? 
And what benefits do you gain by pooling the individu-
al areas of expertise of your members?

Fig. 1: Klaus Wachter, CEO of SCAUT, the Swiss Center 
of Applied Underground Technologies

Klaus Wachter: SCAUT was founded by an initia-
tive committee in April 2017. This mainly comprised 
representatives of the construction industry, including 
planners, construction firms, logistics providers and 
suppliers, together with an international export net-
work. Companies such as Amberg, Elkuch, Implenia 
and Sika, for example, are included on the committee. I 
myself am an employee of the association and have been 
SCAUT’s director since March 2018. At present our 
innovation platform consists of some 65 members rep-
resenting construction and telecommunications, sensor 
and measurement technology and also the food sector. 
A broadbased partner network is of key importance as 
this enables us to pool competences from different sec-
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vinced the doubters when a 1:1 scale prototype was pro-
duced that was able to show off the working principles 
and advantages of the system in a live demonstration. 
The Hagerbach Test Gallery at Flums, in Switzerland, 
played a key role here in that it gave us an opportunity to 
try out our ideas and strategies below ground on a real-
life scale and to systematically test the system. A further 
two prototypes are also currently running at the Gallery, 
one on Underground Green Farming (Fig. 2) and one 
for our Underground Data Center project (Fig. 3). 

GeoResources: What kind of untapped possibilities do 
you see in the use of the underground space? In your 
opinion is this potential climate-friendly or is there a 
conflict between commercial interests and environmen-
tal considerations? 

Klaus Wachter: In the future the overwhelming ma-
jority of people will live in urban areas. Making use 
of the third dimension, not only upwards but below 
ground level too, will become an essential aspect of 
urban development. We see the underground space as 
having a large and as yet mostly untapped capacity to 
offer. Underground passenger transport systems − key-
word ‘metro’  are to be found everywhere. Why not 
widen this approach to include goods too? Why should 
warehouses and data centres not also be situated below 
ground? The aim of sustainable urban planning should 
be to use surface areas as free space and living space for 
people and social interaction. However, this calls for a 
holistic approach in which the urban underground zone 
is deliberately included in the planning process as useful 
space. There are already a number of excellent examples 
of how this can all work and how entire neighbour-
hoods can be upgraded. The Big Dig project in Boston 
is a case in point. In our Underground Green Farming 
project we are currently working on how food can in 
future be produced below ground. This would allow us 
to cultivate in urban environments, in other words right 
there where the consumers are. Transporting products 
at great expense halfway around the world would there-
fore no longer be necessary. With climatic conditions 
remaining constant at all times there would be no need 
for intensive cooling in summer and heating in winter. 
All this would cause a significantly lower carbon food 
print and make a contribution to climate protection, as 
underlined by the inclusion of the word ‘Green’ in the 
project name. However, it is clear that for these projects 
to be successfully implemented they must be economi-
cally viable and this aspect also has to be taken into con-
sideration and properly analysed.

GeoResources: You mentioned digitisation. What role 
does this play in your various projects? Can you give any 
examples of projects that are reliant on digitisation?

Klaus Wachter: Compared with other sectors the con-
struction industry still relies relatively little on digiti-
sation and the opportunities that this has to offer. For Fig. 2: Underground Green Farming – Prototype

tors and make them accessible. Ongoing digitisation is 
breaking down the silos that still exist in some industries 
and the market is now looking for entirely new skills and 
expertise. Today’s companies cannot cover everything 
in-house – which is why you need to have the right 
partners. And this is where SCAUT’s added value lies. 
SCAUT provides its members with a range of benefits, 
including access to a wide-ranging partner network, real 
information sharing and active inclusion in innovative 
trend themes, a platform for the centralised sourcing of 
project resources, and support for project development 
and implementation and for the marketing and distri-
bution of the fully-developed product solution.

GeoResources: In your work how do you actually put 
your ideas into practice? Can you give us some examples 
of this?

Klaus Wachter: Innovative ideas and new concepts are 
generated through discussion and  mental brainstorm-
ing. They can be sketched out and graphically presented 
on a sheet of paper or on the computer. But at some 
point you have to say: ‘OK, let’s try it out. Let’s make it.’ 
For only when you actually implement it do you really 
have to reveal and resolve everything in all its fine detail. 
Besides, we humans essentially only believe what we can 
see, and ideally what we can touch. A good example of 
this is the operational element for the completion of 
tunnel cross-passages that was developed as part of a 
SCAUT project (Plug-in Crosscut Element). The first 
idea for this arose when someone was killing time wait-
ing at an airport and a sketch was then made on a paper 
napkin. It was subsequently refined, plans were drawn 
up and coloured animations produced. But the whole 
concept was still ridiculed. The design only really con-
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many companies there is still too little evidence of the 
added value factor and direct benefits of this technol-
ogy. And this is precisely where we want to provide 
support and link our members from the construction 
sector with partners from other branches of industry 
who are further ahead in this area. This is already hap-
pening, for one thing, in the context of our SCAUT 
Events and Workshops where projects and technologies 
are presented and discussed, this helping to promote a 
targeted interchange of information. Furthermore, we 
have also launched a series of projects under the banner 
of ‘Worksite 4.0’ that should generate real added value 
for our partners. For example we have collaborated with 
two partners in developing a tracking system that can 
precisely track deliveries of steel during both the produc-
tion and the transport phase. By merging all the informa-
tion in the internal IT system the processes can be made 
leaner and more efficient and what is more the client − in 
this case the site foreman − can call up the delivery infor-
mation at any time using an app on his smartphone and 
this provides a summary of which components are to be 
delivered when and exactly where they are. In our Rebar 
modelling project we are developing a process that will 
allow production-relevant data to be transmitted from 
the BIM models directly to the production-shop ma-
chines. And our Underground Green Farming project 
also relies on digitisation. All the parameters from the 
prototype, such as air and water temperature, air humid-
ity, pH levels and oxygen concentration, are monitored 

Fig. 3: Underground Data Center – Prototype

by sensor and the data analysed in a cloud. Our partner 
in France therefore has access to live data at any time and 
can oversee events without actually having to be on site.

Even when it comes to tunnels there is already a lot 
of digitisation going on. Just think of the planning pro-
cess using BIM, the ventilation and fire simulation tests 
for the equipment, the automatic signal control systems 

DMT-GROUP.COM
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the markets plant and process technology, infrastruc-
ture and civil engineering, plant and product safety as 
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projects and ensure their functionality, efficiency and 
safety – in design, construction and operation.

We call this ENGINEERING PERFORMANCE.

Learn all about it on our website.

https://www.dmt-group.com/?georesources


26 intervieW/tunnellinG

GeoResources Journal 4 | 2019 GeoResources Team in an interview with Klaus Wachter:
SCAUT – the Swiss Competence Center for the innovative Use of the Underground Spacewww.georesources.net

GeoResources: Are you also cooperating with com-
panies and establishments in other countries. If so, can 
these companies also become association members or 
are they only partners for selected projects? Are you in 
fact open to new members? How does someone become 
one of your members? Can you describe the way you 
work in terms of projects?

Klaus Wachter: Many of our members are not based 
in Switzerland but are spread all over the world. Our 
Underground Green Farming project, for example, in-
volves companies from France, Germany and Switzer-
land. SCAUT is currently constituted as a development 
association and is open to all interested parties for a 
small membership fee of CHF 550 a year. Applications 
can be made online via our website. When we are set-
ting up a project team we draw on partners from our 
network and active participation in a project therefore 
assumes membership of the SCAUT association.

When the projects are under way SCAUT takes on 
the work of coordination and project management on 
behalf of the industry partners. We also provide support 
for promotion and marketing. The partners involved 
contribute their know-how and their expertise to the 
project and this capacity can then be co-developed fur-
ther. SCAUT therefore acts as a kind of catalyst. Here 
it is important to stress that all intellectual property 
rights (IPR) to the developed products do not pass to 
SCAUT but remain entirely with the industry partners.  

GeoResources: Would you like to hear from those 
readers of our magazine who may be interested in your 
work?

Klaus Wachter: Most definitely, I should be very glad 
if we could find among your readership other interested 
persons and partners who could become actively in-
volved and would like to work with us to develop new 
concepts and technologies. I am also readily available 
for personal discussions where both parties can get to 
know each other better and assess the options for po-
tential cooperation. 

GeoResources: Mr Wachter, on behalf of myself and 
our readership I should like to thank you for taking part 
in this interview. We want to wish you every success in 
your work and look forward to hearing more about fu-
ture progress and developments at SCAUT.

for smoke emissions and so on. Together with partners 
we have decided to set up and operate a Demo Center 
for a digital tunnel (Fig. 3). This provides a unique op-
portunity  to experience the interaction and transforma-
tion from real to digital as part of a live tunnel event. 
New technologies and innovative concepts can be there-
fore demonstrated on a 1 : 1 scale, this leading to a better 
understanding of complex sequences and processes. The 
Center focuses in particular on inter-phase and cross-
functional system solutions that can be developed, test-
ed and presented using common use cases.

GeoResources: Can you tell us something more about 
the Underground Data Center project? 

Klaus Wachter: Automation, 5G, robotics, the Internet 
of Things and artificial intelligence are enabling all kinds 
of new applications and business models, but at the same 
time all this is producing huge quantities of data. Decen-
tralised mini- and micro-computing centres, or ‘edge data 
centres’, are now being used increasingly so that this data 
can be locally processed quickly and efficiently. In the 
urban areas where the data is being produced, however, 
space availability at ground level is limited. In order to 
overcome this problem SCAUT has been working with 
industry partners in a pilot project whose aim is to de-
velop the concept of ‘Edge Computing – Underground!’ 
as a space and cost-efficient, reliable and sustainable alter-
native for the challenges posed by our smart cities. The 
underground space offers protection against the forces of 
nature and a high level of security, while its stable climate 
provides conditions for high energy efficiency. 

In September 2019 we put into operation the pro-
totype of a modular data centre specially developed 
for placement below ground, this being showcased to 
a specialist audience. The response was extremely posi-
tive, such that we can now take the next step towards the 
commercialisation of the product.

GeoResources: Are you in competition with universi-
ties and other research establishments or are you com-
plementing their operations? Will universities and re-
search establishments be involved in the work of your 
competency centre?

Klaus Wachter: SCAUT was set up by industry partners 
in order to intensify the interchange between these play-
ers and together to develop new concepts and technolo-
gies. With ‘applied technologies’ being part of the focus 
this application was also included in our official name: 
innovative solutions have to satisfy a market need, as only 
then can they become economically viable. It is impera-
tive that the partners are also in a position to promote 
and sell the developments as a product or service. For this 
reason we are concentrating exclusively on industry part-
ners and therefore, in my opinion, we do not represent 
competition but rather should be seen as supplementary 
to universities and other research bodies who are produc-
ing some excellent work in the field of basic research.

About SCAUT
The Swiss Center of Applied Underground Tech-
nologies is involved with new and innovative 
concepts and solutions for the use of the under-
ground space. Companies are welcome to apply 
for membership.
Contact: www.scaut-association.com
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The Plug-in Crosscut Element (PCE) is a highly 
standardised, high precision pre-manufactured 
and fully assembled ready-to-install concrete wall 
system. It is designed to close cross connecting 
galleries in a tunnel in one step. This article ex-
plains the remarkable advantages of the innova-
tive PCEs as less manufacturing cost, installation 
and commissioning time saving, increased safety, 
and high system reliability.

Tunnelling • Crosscut • R & D • Logistics •  
Doors • Effectiveness

Plug-in Crosscut Element – How standardised  
pre-manufactured Crosscut Wall Systems 
 improve overall Tunnelling Effectiveness
Dipl Masch.-Ing. Michael Lierau, Elkuch Bator AG, Herzogenbuchsee, Switzerland
Ing. Robert Binder, Biprotec GmbH, Weistrach, Austria
Dipl.-Ing. Klaus Wachter, SCAUT Association, Sargans, Switzerland

1 Motivation and Idea

With the opening of the Gotthard Base Tunnel on June 
1st 2016, a technical milestone in the history of man-
kind was successfully handed over to the tunnel opera-
tor. One of the key aspects of the successful completion 
of the project was, and still is, logistics. With respect to 
the installation of cross connecting gallery escape doors, 
transportation to and from the installation site located 
every approx. 350 m throughout the entire tunnel, is a 
significant cost factor. In the 57 km long Gotthard Base 
Tunnel, travel time to a door could last up to 2.5 h – one 
way! 

Logistics become an even more significant cost 
driver during maintenance and refurbishment. The im-
pact of the associated logistic costs is often not well ad-
dressed in long tunnel projects during the planning and 
procurement stage, as experience today is still somewhat 
limited and long-term aspects of tunnel operations (e. g. 
concept of refurbishment after 30 years) quite unclear. 
Furthermore, the economics of logistics are often im-
pacted by prerequisites and requirements, which result 
of updated maintenance concepts and schedules long 
after the product has been designed. It was concluded 

Fig. 1: Demonstration of the innovative Plug-in Crosscut Element

that for a next long tunnel project, much more focus 
must be laid on the economics of logistics and the over-
all timeline.

The impulse however for the innovation described 
in this article (Fig.  1) was given by the installation 
situation in the Koralm Base Tunnel in Austria end of 
2016. The small diameter of the crosscut as well as the 
concrete buildings inside the cross-connecting gallery 
prevent the installation of larger systems such as doors, 
fans, etc. to the inside of the crosscut wall. A concept 
of pre-fabricated crosscut wall elements with previously 
fitted subsystems was drafted in order to take account 
of the challenging installation environment and an op-
timised logistics concept. The idea of a Plug-in Crosscut 
Element (PCE) was born.

Although the idea had to be eventually abandoned 
for the Koralm Base Tunnel due to the too far pro-
gressed project plan, the idea was nevertheless further 
explored. The overwhelming feedback clearly indicated: 
the concept was reasonable, technically and economi-
cally feasible and bore an innovative logistics and in-
stallation approach which had the potential of setting a 
new standard in the tunnelling industry.

2  R&D Project Management by SCAUT – a 
global Tunnelling  Competence Center

Key challenges of this project were the many technical 
aspects of tunnelling as well as knowhow gaps which 
needed to be combined and filled simultaneously. It 
was clear from the outset of the project, that only an 
interdisciplinary approach with a strong industry con-
sortium would lead to success. 
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It was the Swiss Centre of Applied Underground 
Technologies (SCAUT), which provided the platform, 
professional insights and industry access for such a ven-
ture and hence would play a key role throughout the 
subsequent stages of the project.

In charge of building the consortium, SCAUT 
brought various companies with a broad expertise to-
gether. Elkuch Bator AG as expert for tunnel safety 
doors and biprotec GmbH as specialist for mechani-
cal engineering partnered with Amberg Engineering, 
who is responsible for the design of the underground 
infrastructure and the crosscut opening as well as with 
Amberg Technologies, an expert in 3D laser scanning. 
Further partners were found in Müller-Steinag Element 
AG who brought in special knowhow with respect to 
prefabricated concrete elements, Halfen providing the 
anchoring technology for fixing the PCE in the crosscut 
and Sika with its knowledge about sealing the interface 
between the crosscut wall and the PCE. Finally, the 
Hagerbach Test Gallery offered the ideal environment 
for prototyping and 1:1 scale testing. 

SCAUT supported the development partners of 
the consortium in keeping an out-of-the-box think-
ing. SCAUT significantly contributed to the fact, that 
the project increased its credibility as all the tests were 
performed in a real tunnel environment and that the 
R&D cost burden was spread among the participating 
partners. 

It is remarkable that the consortium only needed 12 
months of development time from the first sketch until 
the first live demonstration of the prototype. Today, the 
developers of the project still collaborate with SCAUT 
with respect to the global marketing of the concept.

3 The Concept of the PCE

3.1  Conventional Escape Door  
Installation Procedure

A typical conventional installation procedure for cross-
cut gallery escape doors in tunnels consists of:

 ▶ Measurement of the free opening in the tunnel
 ▶ Installation of the top rail incl. drive (core hole drill-

ing)
 ▶ Grouting of the bottom rail
 ▶ Installation of the left and right door frame (core 

hole drilling)
 ▶ Mounting of the door leaf/leaves
 ▶ Installation of the control cabinets
 ▶ Electrical connection
 ▶ Commissioning

For the installation of the escape doors in the Loetsch-
berg, Gotthard and Ceneri Base Tunnel, additional spe-
cial tools such as mounting robots have been used. Not 
including the delivery of standardised transport boxes 
to the corresponding crosscut, the standard installation 
time a door would take an experienced mounting team 

Fig. 2: Typical installation site for tunnel escape doors

of 2 mechanical and 1 electrical technician between 2.5 
to 3 days depending on the space and access available 
(Fig.  2). The installation time also accounted for the 
travelling time with the construction train to the instal-
lation site, which in case of the 57  km long Gotthard 
Base Tunnel would take up to 2.5 h. This left only 3 to 
4 h for the installation of the doors per day. 

In fact, the installation of one door required a mini-
mum of 5 trips into the tunnel, not including delivery, 
quality checks, repairs, several commissioning and ser-
vice trips etc. The associated costs comprised the hourly 
salary including underground and risk surcharge as well 
as the cost for the safety training, equipment and heat 
test (i. e. tunnel fitness test).

3.2 Objectives of the PCE Project

The constraints and experiences from long railway tun-
nels and the requirements from the Koralm Base Tun-
nel, eventually lead to the PCE’s market requirements: 
The Plug-in Crosscut Element (PCE) is a highly stand-
ardised, high precision pre-manufactured and fully 
assembled ready-to-install concrete wall system. It is 
designed to close cross connecting galleries in a tunnel 
within 90 minutes. Its main advantages consist of:

 ▶ High precision wall element with workshop pro-
duction process safety level

 ▶ 15 % less manufacturing cost
 ▶ Up to 90 % installation and commissioning time 

saving 
 ▶ Pre-installation and testing of all sub-assembly and 

systems such as fans, control cabinets, fire shutters, 
doors, lighting, signs, etc.

 ▶ High system reliability due to pre-verified modules
 ▶ Increased safety due to less manpower required 

inside the tunnel, safer working conditions and 
healthier environment

 ▶ Full accessibility of crosscut for further installations 
until the very last moment
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particular, a special attention has to be given to interfer-
ences during transportation, weights of elements, elec-
tro-mechanical sub-system selection and an adapted 
interface at the crosscut ends which allows an optimal 
installation of the PCE.

Once integrated in the planning, the concrete ele-
ment is designed based upon a 3D laser scan of the 
crosscut gallery entrance profile. Available measurement 
technologies on the market are sufficient to provide the 
required accuracy. 

In case of the PCE prototype, the profile of the 
Brenner Base Tunnel stood model. Its profile was rebuilt 
in the Hagerbach Test Gallery (VSH) in Switzerland, 
where the entire PCE concept was tested on 1:1 scale in 
late 2017 and early 2018 (Fig. 5).

4.2  Standardised Production  
outside the Tunnel

From this CAD project, the PCE is manufactured in a 
common concrete workshop outside the tunnel, ensur-
ing high process reliability and security (Fig.  6). The 
adjustable mold is aligned with the crosscut’s geometry 
to reduce tolerances down to 20 mm +/-10 mm. After 
the installation of the concrete reinforcement, all neces-
sary interfaces such as bolts, threaded sleeves, RFID tags 
etc. are precisely prepositioned. The mold is then filled 
with concrete to produce wall elements of a thickness 
between 25 and 30 cm, depending on the static and dy-
namic loads inside the tunnel.

Once cured, the pre-fabricated concrete wall ele-
ment is set and mounted on jigs that provide fixation 
for the concrete element during assembly, transport 
and installation. All additional sub-assemblies and sys-
tems such as fan, aeration tube interface, door, control 
cabinet, lighting etc. are then mounted to the Plug-in 
Crosscut Element. As all sub-systems are fully function-
al, the PCE can be verified, pre-commissioned and pre-
accepted. All associated documents are logged on to the 
system and remain trackable with the RFID tag, which 
is cast into the element.

Fig. 3: Crosscut view from tunnel and components of a PCE

Fig. 4: Transportation of a PCE

Fig. 5: Scan of crosscut profile and Test Gallery  crosscut preparation

These advantages result from standardised and highly 
repetitive production steps outside the tunnel. The en-
tire PCE, including its readily operational sub-systems 
such as lighting, doors etc. are fully pre-installed, tested 
and accepted before entering the tunnel (Fig. 3). 

The PCE’s logistics concept is based on a versa-
tile applicable manipulator, which can be fixed to any 
type of ISO normed transportation system such as rail 
wagon, flatbed trailer or any other special vehicle. The 
manipulator accurately moves the PCE into position 
where it is bolted to the crosscut and sealed (Fig. 4). 

4 Implementation of the Prototype

4.1 Planning Stage

As the PCE merges activities from the structural work 
and the equipment installation phase, the concept of 
standardised plug-in crosscut elements has to be consid-
ered at an early stage of the general project planning. In 
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 ▶ Step 2: Once cured, a composite resin is injected 
through the 2-inch pipe connections built into the 
PCE. Excess resin protruding from the relieve ducts 
on top of the PCE indicates the full spread of the 
resin and a high-quality bonding.

This last operational step concludes a 90-minute instal-
lation procedure. As of now, live demonstrations of the 
PCE in real 1 : 1 scale tunnel environment are shown at 
the Hagerbach Test Gallery (booking: https://www.
hagerbach.ch/).

5 Results

5.1 Standardised Crosscut Closure

On 30th November 2017, the first prototype of the 
Plug-in Crosscut Element was successfully tested in the 
Hagerbach Test Gallery in a real railway tunnel environ-
ment. During the premiere, the PCE equipped with a 
high-speed railway tunnel escape door including its 
control cabinet and a total weight of over 7  t was set 
into position in just under 5 minutes with a team of 3 
unexperienced technicians. 

Today the PCE has been installed and backed out 
over 20 times. During this time, the installation team 
consisted of mostly 2 technicians. The fastest installa-

Fig. 6: Production of PCE – positioning of core wire and inlets

4.3  Installation Procedure  
inside the  Tunnel

Once the tunnel is ready to receive the PCEs, a rail car 
or a flatbed trailer loads the elements weighing up to 8 t 
apiece. In the case of a rail car, up to six PCEs for a work-
man shift – given 90 minutes installation time per PCE 
– are loaded. The PCEs are transported to their specific 
installation site. The rail car’s final position in front of 
the crosscut will be defined according to a laser-based 
marking.

Once the car is in position, guide rails are unfolded. 
Of the recommended 3 installation engineers, one is po-
sitioned inside the crosscut, one outside in the vicinity 
of the PCE and one at the controls of the manipulator. 
The manipulator then lifts the PCE into its final posi-
tion. In order to avoid interference with the catenary 
wires, the PCE has to be slightly tilted when moved 
into position in the crosscut. The PCE is set into the 
groove of the crosscut. Once in place, it is secured with 
a bolt to the crosscut. At this stage, the PCE is electri-
cally connected and the sub-systems fully operational. 
While part of the team is filling the groove with a com-
mon grout for tunnel applications, the other part of the 
team disconnects and pulls back the manipulator on the 
rail car, where it receives a new PCE for the next instal-
lation site.

In case of the prototype testing the Hagerbach 
Test Gallery, the rail car was simulated by means of a 
2.1 t steel structure to which a manipulator of 1.1 t was 
mounted (Fig. 7). The manipulator’s adjustment capa-
bility in case of the prototype allows for 160  mm lat-
eral displacement, 500 mm lift and 45 ° tilt. The PCE is 
moved into position with a speed of 0.03 m/sec.

Once the grout has cured and a recommended 
minimum set of 6 to 8 PCEs is installed, the remain-
ing opening around the PCE will be sealed. In order to 
withstand the dynamic loads and to fulfill the demand-
ing requirements in high-speed railway tunnels, a spe-
cial sealing technology is applied in two steps. 

 ▶ Step 1: The gap is filled with a pre-treated back rod, 
meeting the common fire resistance requirements. 
This step is part of the previously described PCE 
installation procedure. Fig. 7: Installation of the PCE in the Hagerbach Test Gallery
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tion time was just under 4 minutes and averages around 
4.5 minutes with a team of 3 technicians. The operation 
in a real tunnel environment is simple and reproducible, 
easily controllable and reversible. No special technology 
other than a manipulator is needed for a fast position-
ing of the PCE.

5.2 Sealing Trials

In order to verify the injection, a test rig has been de-
veloped to simulate the interface between the crosscut 
wall and the PCE. The test rig consisted on the lower 
part of a 1 : 1 scale model (i. e. concrete block) of the 
crosscut wall and the PCE joint. The 2 concrete ele-
ments were grouted into a foundation while preserving 
a 20 +/–10 mm gap as expected in real environments. 
Back rods were bonded into the ends of the gap, form-
ing a firm block (Fig. 8). This block was successfully wa-
ter pressure tested up to 5 bar. 

On top of this block a 3  m tube was mounted to 
simulate the remaining bonding joint. A crude pressure 
vessel contained the resin, which was injected with up 
to 5 bar through the pipe connections into the test as-
sembly. The assembly was completely filled in less than 
10 minutes. Given its potting and curing time, the filler 
hardens within 24 hours and bears the loads. The trial 
was carried out two times.

While a full-scale sealing test has not been carried 
out at the time this paper was completed, the test clearly 
demonstrated the operational reliability of the sealing 
technology. It can be applied on single units or in a con-
tinuous application process (i. e. several PCEs).

5.3 Cost Assessment

Main cost driver of the PCE derive from the technical 
equipment mounted to the PCE. However, the major 
concept differences between the conventional method 
and the PCE technology are the fabrication of stand-
ardised crosscut wall modules and the increased logisti-
cal efficiency due to cost incurrence outside the tunnel. 
Due to the concept of prefabrication, the PCEs cost 
is reduced up to 15 % compared to the conventional 
method (Fig. 9). The savings account for:

 ▶ Concrete building costs are lower as finished con-
crete is used instead of site concrete.

 ▶ Installation cost is calculated on workshop level dur-
ing the day and not at tunnel level. All works inside 
the tunnels are considered, e. g. drilling and sealing 
of the PCE are included in the cost calculation.

 ▶ Overall installation efficiency is higher as free access 
to all parts of the PCE is given at all time outside 
the tunnel.

 ▶ Mounting racks for the door are avoided as they are 
simpler and integrated in the PCE. 

The main advantages though of the PCE system are 
the benefits from a much faster installation and com-

Fig. 8: Fire resistant filler injection trials

Fig. 9: Construction cost comparison between conventional method and PCE 
concept

Fig. 10: Installation cost comparison between  conventional method and PCE 
concept
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missioning time. Currently, a well experienced installa-
tion team of three members needs about three days for 
a conventional installation and electrical connection 
of one cross connecting gallery door as in the Loetsch-
berg, Gotthard and Ceneri Base Tunnel. All trials and 
tests indicated, that overall objective to install one PCE 
within 90 minutes can be achieved. This accounts for 
cost and time savings up to 90 % (Fig. 10).

This calculation does not include other project benefits 
such as:

 ▶ Increased tunnel safety due to less personnel in the 
tunnel

 ▶ More efficient crosscuts completion due to uncon-
straint access until the very last moment

 ▶ Less track occupancy and increased supply chain 
efficiency as installation is reduced to a very short 
period of time

 ▶ Less errors and downtimes due to pre-commission-
ing of the sub-systems installed on the PCE

 ▶ Higher system reliability

6 Conclusion

Tunnel crosscuts connecting the running tubes are impor-
tant infrastructural measures to achieve the safety goals 
for long tunnels. They serve as primary self-rescue meas-
ure in case of a forced stop in the tunnel. At both end, 
walls close crosscuts, which are among other equipped 
with emergency escape doors. With conventional meth-
ods, the installation and electrical connection of one door 
in the tunnel takes a well experienced team of 3 workers 
up to 3 days. Since the wall construction is mainly done 
by the main contractor, accessibility to the crosscut for 
further installations is limited at an early stage.

The Plug-in Crosscut Element (PCE) is an integral 
prefabricated push-in wall element for closing the tun-
nel crosscut that is immediately ready for use (plug-and-
play). The simple but ingenious idea: Prefabricated in 
the workshop, these fully functional and pre-tested wall 
systems are delivered to the crosscut in the tunnel and 
installed with special transport aids. Elaborate on-site 
work, such as for formwork, concrete work, drilling and 
system installations and assembly, is eliminated. 

Trials indicated, that an overall installation time is 
reduced to less than 90 minutes. This means up to 90 % 
cost savings due to a faster installation. The production 
costs of the PCE are 15 % lower than the conventional 
method given a continuous and standardised produc-
tion outside the tunnel. Further cost saving potential 
results from a transfer of work from the tunnel into a 
workshop.

Overwhelming feedback from the tunnelling indus-
try is, that this may set a standard and will be standard 
technology in less than 10 years.
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Of the top ten business risks facing the mining 
sector Ernst & Young ranks ‘License to operate’ in 
first place and ‘Energy mix’ sixth. Sustainability is 
therefore set to become increasingly important 
in the mining industry of the future. This article 
explains how energy production and storage can 
help overcome the challenges that lie ahead.

Mining • Energy • Sustainability • 
Development • Pumped Storage Power Plants • 
Photovoltaics

Sustainable Mines of the Future with Energy 
Production and Storage
Prof. Dr.-Ing. Oliver Langefeld and Angela Binder, M.Sc., Institute of Mining, TU Clausthal, Clausthal-Zellerfeld, Germany

Mining has a bad media image. On 28th April this year 
WirtschaftsWoche claimed that German companies do 
not invest in mining because they fear the adverse pub-
licity [1]. But who shapes this image? Prof. Dreben-
stedt of Freiberg sums up this attitude by declaring that 
‘the industry is only after the milk, it doesn’t want to 
buy the whole cow’ [1]. And if the milk fails to appear 
then we drink water. Let us hope that German indus-
try is sufficiently flexible to be able to produce new 
products from new materials. However, this is not a 
purely German problem. In their ‘Top 10 business risks 
in mining and metals’, which is published every year, 
Ernst & Young puts ‘License to operate’ in first place 
(Fig. 1) [2]. This is where the greatest danger lies. It is 
also worth noting that this factor was only in seventh 
place in 2018, but has now been elevated to the top 
spot. It is interesting to see that ‘Digital Effectiveness’ 
as well as the ‘Energy Mix’ have been places second and 
sixth respectively.

On the subject of ‘License to operate’ the Ernst & 
Young report states that mining needs to redefine itself 
as a sustainable and responsible source of raw materials. 
The mining industry must therefore take a comprehen-
sive top-down approach to its business operations, it 
has to involve itself more and address the concerns of 
society, the government, its employees and the environ-
ment as these extend beyond the lifetime of the mining 
sector and, thirdly, it must ensure that this initiative is 
made the most important of all the company ventures 
[2].

What makes a Mine sustainable and 
 accountable post Lifetime?

This is a complex question. A mine should not do harm 
to its environment, the local community or its work-

Fig. 1: Top 10 business risks facing mining and  metals

force. A dam burst of the kind that occurred in Brazil 
at the beginning of 2019 is totally unacceptable and 
completely unnecessary. Mine managers must aim for 
a target of ‘zero accidents’. ISSA Mining [3] has been 
involved in this theme for a number of years and here 
the German coal mining industry has certainly set a very 
positive example by reducing its accident rate from a fig-
ure of some 100 incidents per million hours worked at 
the end of the 1980s to fewer than three accidents per 
million hours by under 3 in 2018 [4]. This meant that 
working in a German underground coal mine was, on 
average, safer than working in an office. The mining in-
dustry also has to deal responsibly with its environment 
and this topic will be covered in more detail below. In 
addition, it has to communicate effectively with the 
public, the authorities and its employees and this has 
to be done by honesty and fully and on an equal foot-
ing. The mining industry has to ensure that energy con-
sumption is reduced. This means cutting not only pri-
mary energy consumption in the form of diesel fuel, but 
also electricity consumption too. At this point a study 
has to be undertaken to see whether a mine can in fact 
become an energy producer instead of a significant en-
ergy consumer. This leads directly to the consideration 
that a mine, with all its surface areas and underground 
workings, can not only used for the extraction of min-
eral resources, but can also be systematically employed 
for other purposes too, including energy generation. 
This can be done in many different ways. It is advisable 
that this particular aspect is included right from the 
start of the mine planning process. Its importance is also 
confirmed in the Ernst & Young analysis, where ‘Energy 
mix’ is ranked the number six business risk, with a rising 
trend [2]. Another important risk that merits attention 
is ‘Digital effectiveness’, which has fallen from number 1 
to number 2 in the ranking. Ernst & Young is calling for 
wide-ranging digitisation drive to be carried out in this 
sector and warns that the greatest risks lie in digitising 
only parts of the industry [2].
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Energy Saving and Energy Production

Energy can be saved by introducing efficient technol-
ogy such as high-efficiency motors and gearboxes and 
trolley systems for inclined roadways, by making great-
er use of gravity conveying and by applying energy-
aware planning methods. All this is now more or less 
state of the art and requires no further consideration 
at this point.

The focus has now switched to energy production 
and storage. There are already several notable examples 
how energy can be generated at active mining facilities. 
Fig. 2 shows the Codelco-run Pampa Elvira solar power 
array in Chile, which has been designed in the shape of 
the copper symbol. Here some 3,000 solar modules in-
stalled over an area of 44,000 m² produce in the region of 
54,000 MWh power a year. This saves 80 % of the mine’s 
normal fuel needs, representing around 15,000 tonnes 
of CO2 per year [5]. Fig. 3 shows the El Aráyan wind 
park at Los Pelambres Mine, also in Chile, which was 
built at an  investment cost of 300 million US dollars. 
The site’s 50 wind turbines cover an area of 620,000 m² 
and have a combined generating capacity of 110 MW. 
70 % of this energy is available for the mine while the 
remaining 30 % is fed into the grid. This means that the 
mine is able to generate 20 % of its total energy needs 
[6]. Deep coal mines with seams rich in methane also 
provide an opportunity for producing energy. Fig.  4 
shows how the German coal industry has used pipeline 
systems for the targeted extraction of mine gas. This al-
lows heat and electrical energy to be produced locally 
at modular co-generation power stations [7]. As coal 
mines often comprise very deep workings where rock 
temperatures can be above 60° C, they can also provide 
suitable locations for the installation of geothermal en-
ergy plants. The possibility of being able to commence 
drilling at the deepest level ultimately means a consider-
able saving in drilling. The schematic diagram in Fig. 5 
shows how such a system could operate.

Solar and wind energy in particular are difficult 
to control as they can only be generated when the sun 
shines or the wind blows. In the case of wind energy an 
adequate storage and transport system has to be put in 
place to adapt energy supply to demand. Hydrodynamic 
pumped storage power plants can provide the answer 
here. These installations require substantial height dif-
ferences and a large operating area and this can produce 
a significant environmental impact. This was why the 
Energy Research Centre of Lower Saxony (EFZN), 
which is a joint scientific institution established by the 
University of Clausthal, set up a research group in 2007 
to develop further solutions to this problem. The ap-
proach adopted aimed at enabling the re-use of aban-
doned mines for the operation of hydraulic pumped 
storage power plants that could store the electrical en-
ergy generated by wind turbines. This project sourced 
expertise from a wide range of fields, including mining, 
mechanical engineering, electrical engineering and eco-
nomics and social and legal sciences [8]. 

Fig. 2: The Codelco Pampa Elvira Solar Power Plant [5]

Fig. 3: Minera Los Pelambres: the El Aráyan  
wind park [6]

Fig. 4: Mine-based gas drainage for power generation [7]

Underground Pumped Storage Power 
Plants

Principle

A pumped storage power plant can operate in conjunc-
tion with a solar or wind power installation by using the 
surplus, i. e. non-recoverable, electrical energy to pump 
water from a lower level (the lower reservoir) to a higher 
level (upper reservoir) using a motor and pump arrange-
ment (Fig. 6). The electrical energy is converted into the 
gravitational potential energy of the water, whereby the 
stored energy is proportional to the mass of the water 
and the difference in height. When electrical power is 
required the water is fed back from the upper reservoir 
through a turbine to the lower reservoir, whereby energy 
is produced by a generator system. Modern pumped 
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already very old and the workings cannot generally be 
used directly for creating a modern pumped storage 
plant. While salt and potash mines do present sizeable 
mine workings, they cannot be considered for such a role 
because the high solubility of the deposits prevents the 
use of fresh water. The use of lyes is ruled out to because 
of the differences in crystallisation behaviour at different 
temperatures and the machine technology employed. 
Moreover, it is not possible to guarantee the long-term 
impermeability and mechanical stability of the mine 
workings. Feldspar mines are generally suitable due to 
their greater stability, but the workings are usually back-
filled, with the result that large cavities are no longer 
available [8]. Coal mines do not provide sufficiently sta-
ble, large-sized cavities and these would therefore have 
to be additionally created. What is more, coal measures 
are not watertight and the chambers used to create the 
reservoirs would have to be provided with impermeable 
linings. The electrical systems needed for the PSPP pro-
ject would also have to be of explosion-proof design and 
this would entail  considerable additional expenditure.

PSPPs in active Mines

Another study carried out by Clausthal University dem-
onstrated the possibility of establishing a pumped stor-
age power plant at the Wohlverwahrt Nammen mine at 
Porta Westfalica, which is operated by Barbara Rohst-
offbetriebe. Here the seams dip of about 20 gradians to 
the north, thereby creating a sufficient height difference 
in the mine for a pumped storage plant. Mining is car-
ried out in a marine sedimentary iron-oolitic horizon in 
the lower coral oolite. The underground cavities are large 
enough for a smaller pumping station with an upper and 
lower reservoir. Fig. 7 shows a schematic diagram of the 
proposed layout. The water is pumped through pipe-
lines that would be laid in the existing cross-cut road-
ways. Although such an installation would require very 
low investment costs, no interested energy supplier has 
been found as yet[10].

PSPPs in virgin Ground

A third option involves excavating the lower reservoir 
cavities in undisturbed rock. This has two major advan-
tages: 

 ▶ The required cavities can be excavated in locations 
where the geomechanical behaviour is most favour-
able.

 ▶ The cavities can be excavated in an area where the 
electrical energy is being generated, i. e. close to a 
wind farm. 

One drawback, however, is that surface shafts also have 
to be sunk or drilled. An upper reservoir could be in-
stalled above ground if this is environmentally accept-
able. This could keep the investment costs within man-
ageable limits [10].Fig. 6: Operating principle of an underground pumped storage power plant [8]

Fig. 5: Mine-based geothermal energy generation

storage power plants generally have an overall efficiency 
rate of more than 75 % [9].

Using underground caverns for such an installation 
means not having to rely on the natural difference in 
elevation of mountain area. The lower reservoir (and 
possibly the upper reservoir too) can be set up below 
ground level. The environmental impact is much re-
duced as less space is required. There are basically three 
options for underground pumped storage power plants 
(PSPPs) [9]:

 ▶ PSPPs in abandoned mines
 ▶ PSPPs in active mines
 ▶ PSPPs in virgin ground

All three variants have advantages and drawbacks, 
which are briefly described below. Generally speaking, 
however, it should be borne in mind that the sooner a 
prospective PSPP chamber is included in the mine plan-
ning process, the cheaper and more sustainable this so-
lution will be [10].

PSPPs in abandoned Mines

Ore mines tend to be most suitable for such projects 
as they are located in geologically stable areas and may 
reach large depths. However, many of these mines are 
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Blue Mining

Clausthal University’s ‘Blue Mining’ concept describes 
these measures scientifically and as an integrated whole 
(Fig.  8). The aim of the Blue Mining concept is to ex-
ploit the aforementioned possibilities in conjunction 
with the extraction of raw materials both during and after 
the mining phase. If the secondary use of an abandoned 
mine is considered in isolation, any plan to convert the 
facility for energy production and storage will tend to 
be handicapped by the earlier decisions taken during the 
mineral winning phase. The simultaneous excavation and 
equipping of the winning zone along with the compet-
ing energy zone is clearly a more beneficial approach [11]. 
Incorporating multi-use strategies at an early stage of the 
process, as required by the Blue Mining approach, obvi-
ates the need for costly retrofitting operations, enables 
integrated decisions to be made with regard to potential 
interactions and creates a further source of added value.

For planning purposes, the Blue Mining concept 
proposes a three-step approach, as shown in Fig.  9. 
Running these through repeatedly at different points 
during the mine planning process serves to increase the 
accuracy of the planning results. The first phase focuses 
on identifying the opportunities offered by the project  
for example, a wind farm operating in conjunction with 
a grid feed-in and possibly with a storage system in the 
form of an underground pumped storage power plant. 
While taking account of the spatial conditions and pos-
sibilities on offer these plans also have to be set against 
the level of demand and evaluated accordingly. The de-
velopment of the surrounding area must be factored in 
too. Is there for example a housing estate or town that 
needs to be supplied with energy? And how is energy 
demand to be assessed after production has ceased? Is 
the estate to be preserved after the mine has closed. In 
step two  it is necessary to identify ways for resolving 
potential areas of conflict between the mineral extrac-
tion and the energy production side of things, i. e. es-
tablishing coordination with the current mineral extrac-
tion plans. There will also be synergies to be identified. 

Fig. 7: Schematic of a potential PSPP system for the Barbara  
Erzbergbau GmbH [10]

Fig. 9: The 3-phase planning approach [11]Fig. 8: The ‘Blue Mining Concept’  

The solution to be developed in the third phase aims at 
maximising these synergies while at the same time mini-
mising the conflict areas between mineral and energy 
production. The proposal can then be evaluated using 
criteria that are determined on a case-by-case basis [11]. 

The results of this process are reflected in the design 
of the technical planning parameters, such as the align-
ment of stockpiles and roof areas for solar systems and 
the siting of proposed cavities close to the mine shaft for 
the operation of pumped storage systems. When plan-
ning the winning phase of the operation it is therefore 
possible to put measures in place that will add greater 
value to the mineral extraction process. These measures 
can and should outlast the production phase, as they can 
have a positive long-term impact on the local communi-
ty. Exploiting the synergies makes for an improvement 
in the overall balance-sheet of the mining activity. Using 
a life-cycle analysis of the ecobalance is an excellent way 
to measure and assess the overall environmental impact. 

The Kunming University of Science and Technol-
ogy in the state of Yunnan, China, has recognised the 
enormous significance of these measures and has set up 
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[4] https ://energ yandmines .com/wp -content/up -
loads/2014/03/codelco-st.pdf

[5] Arcon Sunmark GmbH, 93049 Regensburg, Werk-
snachrichten, Vorzeigeprojekte

[6] ISES (International Solar Energy Society); Grand open-
ing for Pattern Energy’s El Arrayán Wind facility in 
Chile; Renewable Energy Focus.com; 30 August 2014; 
Elsevier

[7] Minke, A., Langefeld, O. (2016): Möglichkeiten und 
Perspektiven der energetischen Nachfolgenutzung von 
Steinkohlen-Bergwerksstandorten: Ein Beitrag zur En-
ergiewende in Nordrhein-Westfalen (1. Auflage).  Wis-
senschaftliche Reihe/TU Clausthal, Institut für Bergbau, 
Vol. 27, Clausthal-Zellerfeld, Papierflieger Verlag GmbH

[8] Beck, H.-P.; Schmidt, M. (Hrsg.); Langefeld, O. et al.: 
Windenergiespeicherung durch Nachnutzung stillgel-
egter Bergwerke. Abschlussbericht des EFZN, Goslar, 
31.08.2011, ISBN 978-3-942216-54-8

[9] Giesecke, J.; Mosonyi, E.: Wasserkraftanlagen Planung, 
Bau und Betrieb. 5. Aktualisierte und erweiterte Au-
flage, Berlin, Springer 2009

[10] Langefeld, O.: Nutzung untertägiger Bergwerksin-
frastruktur als Pumpspeicherkraftwerk / Utilisation of 
underground Mining infrastructure as pumped Storage 
Plant. Mining Report Glückauf, Vol. 154 (2018), No 3, 
pp. 209 - 213; dt. und engl., ISSN 2195-6529

[11] Langefeld, O.; Binder, A.: Responsible Mining. Min-
ing Report Glückauf, Vol. 154 (2018), No 1, pp. 26-33; 
German and English, ISSN 2195-6529

Fig. 10: The United Nations 17 Sustainable  Development Goals 
Source: United Nations

the ‘Yunnan Key Laboratory of Sino German Blue Min-
ing and the Utilisation of Special Underground Space’. A 
number of Clausthal University institutes are also signifi-
cantly involved in this venture, with the result that the un-
derlying principle of the Blue Mining initiative now being 
transferred to and established in a major mining country. 

Conclusions and Outlook

By communicating these measures to the public and to 
the local authorities in a well-targeted way the risk of 
associated with ‘License to operate’ can be significantly 
reduced. Moreover, these measures also help support 
the attainment of some of the key targets identified in 
the 17 United Nations Sustainable Development Goals, 
as shown in Fig. 10, is supported. These include no. 7 
‘Affordable and clean energy’, no. 8 ‘Decent work and 
economic growth’, no. 9 ‘Industry, innovation and infra-
structure’, no. 11 ‘Sustainable cities and communities’ as 
well as no. 13 ‘Climate action’.
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Darmstadt University of Applied Sciences is cur-
rently conducting tests to determine how the 
compressive strength of rock can be altered by 
means of microwave irradiation. This paper pre-
sents the findings of tests carried out on samples 
of Odenwald Bunter sandstone.
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1 Introduction

The possibility of using microwaves for mining solid 
rock has been under discussion for several years. Mi-
crowave irradiation warms the rock mass and gener-
ates stress within it, which in turn reduces its natural 
strength. This process can be very useful, for example, 
when rock is being excavated in the mining and tunnel-
ling industries. Here the heating and destruction of the 
rock will depend to a large extent on the dielectric prop-
erties of the rock body [1]. 

The dielectric properties of a material describe the 
behaviour of a solid body when an alternating magnetic 
field is applied that induces an electric current in the 
material and as a result generates heat, this being defined 
as the dielectric constant (permittivity). Poorly or non 
conductive materials are said to be dielectric. This also 
includes rocks and minerals whose dielectric properties 
are responsible for the warming process, which is also 
dependent on variables such as water content, particle 
size, porosity, temperature and the applied microwave 
frequency. 

Various tests and research projects [2 to 8] have al-
ready been conducted with a view to investigating the 
effect of microwave irradiation on the destruction ef-
ficiency and/or strength characteristics of a material. 
These investigations focused on magmatic rocks such 
as granite, basalt, granodiorite and norite, whereas sedi-
mentary rock such as sandstone and limestone were not 
generally part of the research remit. For sedimentary 
rocks no conclusions have yet been drawn or none of 
the test findings have been published to date. 

The Department of Civil Engineering at Darmstadt 
University of Applied Sciences is at present investigat-
ing the alteration of the compressive strength of rock by 
means of microwave irradiation. This work is primar-
ily focused on the impact of microwave irradiation on 
sedimentary rocks. The results of these tests, which were 
carried out on samples of Odenwald Bunter sandstone, 
are outlined below.

2 Odenwald Bunter Sandstone

The Odenwald Bunter sandstone, test samples of which 
were obtained from Grasellenbach stone quarry, is as-
sociated with the Lower Bunter Sandstone beds. It is 
close-grained and for the most part thickly-bedded in 
character. The grains have a coating of iron oxide that 
gives the rock its characteristic reddish brown colour. Fig. 1: Structure of Odenwald sandstone

In contrast to other Bunter sandstones from the same 
region this particular type does not have any carbon-
ate cement flecks or resulting cavities. The Bunter 
sandstone beds are for the most part massive or cross 
stratified and are evenly layered. The sandstone beds are 
separated from each other by thin, clay-loam intercala-
tions. Individual rock samples feature small clay lenses 
in their microstructure (Fig. 1). The main constituents 
of the sandstone are quartz, plagioclase and potassium 
feldspars.

3  Laboratory Tests and experimental 
Procedure

A total of 144 specimens of Odenwald Bunter sand-
stone were used to investigate how the water content 
of the sandstone and the duration of the microwave ir-
radiation process affected the compressive strength of 
the rock samples. The hand specimens measured 29 to 
51  mm x 40 to 89  mm x 42 to 94  mm. The test pro-
gramme was divided into three analytical steps:

 ▶ Step 1: Determination of the initial strength of 
specimens with sampling moisture content, with 
dried and water saturated samples used as reference 
values
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between 30 and 300 s with intervals of 30 s in each case. 
A total of ten samples were irradiated in each interval in 
order to allow an evaluation of the results of the point 
load tests in accordance with Test Option 2 of recom-
mendation no. 5 ‘Point load tests on rock samples’ 2010 
issued by working group 3.3 ‘Rock testing technology’ 
of the German Geotechnical Society (DGGT) [9]. 
This particular evaluation method offers a minimum of 
statistical accuracy without exceeding the scope of the 
experimental framework. Irradiation was produced us-
ing a commercially available microwave oven with a fre-
quency of 2.45 GHz and a maximum output of 3.2 kW. 
The test sample was positioned on a glass dish in such a 
way that it would be in the centre of the oven (Fig. 3) 
so as to ensure that the exposure of the specimen was as 
uniform as possible.

Stage three of the programme examined the influ-
ence of water content on the effectiveness of the mi-
crowaves. This particular stage involved testing sets of 
ten samples with each set being in three different states, 
namely dry, damp and water saturated under atmos-
pheric pressure. The test was carried out for a maximum 
irradiation period of 300 s with the microwave oven set 
at full power.

4 Test Results

An analysis of the water content of the samples found 
a range of variation of 1.83 to 6.40 %, with a mean of 
4.32 %.

When the samples were in the oven the water began 
to evaporate after 20 to 30 s of irradiation. In some cases 
bubbles were produced as the water evaporated, though 
this was not observed on all the samples. After an irra-
diation time of 30 s some parts of the samples were still 
damp. After 60 s of irradiation the water seemed to have 
evaporated completely. No external cracks could be ob-
served on the samples as a result of the irradiation pro-
cess. After 150 to 180 s of irradiation the surface tem-
perature of the samples rose to over 200 °C. The point 
load tests were carried out exclusively on irregularly 
shaped/cuboid test specimens. None of the point load 
tests produced an unacceptable fracture type (Fig.  4). 
In order to enable comparable results to be obtained 
the dimensions of the test pieces were converted to the 
standard sizes of 50 mm x 50 mm. This was done fol-
lowing the empirical equation according to [10] using 
the formula:

is(50) = (A/2500)0.225 x is  ................................................  (1)

Here is(50) refers to the point load index with standard 
dimensions of 50 mm x 50 mm, is represents the point 
load index from the individual test and A defines the 
surface of the test body. When evaluating the point load 
tests no recalculation was done to convert the point 
load into the uniaxial compressive strength. 

Fig.  5 shows the test results obtained from 144 
samples as a function of the irradiation times for differ-

Fig. 3: Position of the sample in the oven

Fig. 2: Point load tester MATEST A125N

 ▶ Step 2: Investigation of the influence of microwave 
irradiation time on strength levels

 ▶ Step 3: Investigation of the influence of water con-
tent on the action of the microwaves

For the first stage the initial strength value was de-
termined using a point load test based on 12 samples 
(Fig. 2). A further twelve samples were dried prior to 
the point load test. This process was intended both to 
establish the water content and to demonstrate the dif-
ferences in the strength of the wet and the dry sample. 
Drying was carried out at 105 °C using the oven method 
as defined in DIN EN ISO 17892-1. The samples were 
dried for a minimum of 24 hours. Prior to the point 
load test a further ten samples were saturated in water at 
atmospheric pressure (the ‘wet’ sample). These samples 
were stored in water for 43 hours. This was designed 
to show whether the strength properties of the rock 
were altered in any way by the saturation process. The 
strength index would also be used as a reference value 
for the investigations to be conducted in step three.

Step number two then set out to examine how dif-
ferent microwave irradiation times affected the strength 
properties of the sandstone. Each of the treated samples 
were irradiated without changing the natural water 
content. Several test runs were carried out in advance 
in order to specify the irradiation times. These pilot 
runs provided for a narrower definition of the irradia-
tion intervals and were able to establish a test range of 
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ent water content values. The y-axis indicates the point 
load index is(50) while the x-axis shows the irradiation 
time. The tests on samples 1 to 24 and 125 to 134 show 
that without microwave irradiation the dry specimens 
exhibit higher compressive strength levels than the 
water-saturated ‘wet’ specimens. Test samples 25 to 114 
clearly show that the irradiation time has had an effect 
on the compressive strength of the specimens. Those 
samples that were subjected to an irradiation period of 
30 s exhibit the lowest compressive strength. As the irra-
diation process continues the compressive strength also 
rises until the 120 s mark is reached. After this point in 
time the compressive strength of the samples remains 
constant until 210 s has elapsed. After this threshold the 
compressive strength then begins to fall again. A com-
parison of the compressive strength levels at a maximum 
irradiation time of 300 s (test samples 105 to 124 and 
135 to 144) presents a similar picture to that exhibited 
by the non-irradiated specimens. The dry samples have 
higher compressive strengths than the water-saturated 
‘wet’ samples. However, in this case the compressive 
strength levels of the ‘damp’ specimens were similar to 
those exhibited by the ‘wet’ specimens. A comparison 
of dry samples 1 to 12 without irradiation with ‘moist’ 
samples 45 to 94 with irradiation times of 90 to 210 s 
showed that the compressive strength levels exhibited 
by the latter were in the same order of magnitude. From 
this it is possible to conclude that the samples had 
merely been dried out by the irradiation process. Any 
reduction in compressive strength only begins to take 
effect after an irradiation period of 240  s. Thus it can 
be argued that any structural change in the rock only 
takes place after a somewhat longer exposure time. An 
additional test run was therefore carried out on sample 

Fig. 5: Point load index is(50) for various irradiation times and water content levels

Fig. 4: Selected test specimen: a) before irradiation 
from above, b) before irradiation from the side, 
c) fracture surface after irradiation and after 
point load testing, d) after irradiation from 
above

no. 145 in which the specimen was irradiated for a pe-
riod of 840 s. The subsequent point load test showed a 
much reduced point load index is(50) of 2.095 MN/m2.  

5 Conclusions

The tests carried out on Odenwald Bunter sandstone 
clearly show that the compressive strength of sedimen-
tary rock is dependent on its water content and on its 
microwave irradiation exposure time. A reduction in 
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the compressive strength can be clearly recognised both 
after very short irradiation times of 30 to 60 s and after 
very long exposure times of greater than 240 s. For ir-
radiation periods of 90 to 210 s, on the other hand, no 
reduction in compressive strength could be observed.

The tests show that further investigations are need-
ed in order to assess the impact of the irradiation time. 
This means that the irradiation periods have to be ex-
tended or, in the case of the very short exposure times, 
the intervals have to be reduced. Other boundary con-
ditions that require further analysis are the irradiation 
power and the applied microwave frequency. 
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CFT GmbH Compact Filter Technic has designed, 
built and installed containerised shaft ventilation 
systems for potash mines in Belarus and the UK. 
This article describes the new equipment and ex-
plains how the innovative design has proved suc-
cessful.

Mining • Shaft sinking • Ventilation • 
Efficiency • Belarus • UK 

Innovative containerised Shaft Ventilation 
 Systems for Projects in Belarus and the UK
Patrick Schneider, M. Sc., CFT GmbH Compact Filter Technic, Gladbeck, Germany

In 2018 and 2019 the Gladbeck-based German com-
pany CFT GmbH Compact Filter Technic supplied 
custom-designed and built ventilation systems for shaft 
sinking projects at two potash mines that are currently 
being constructed and/or developed. These are the 
Nezhinsky mine in Belarus, which is owned by the Rus-
sian mining company IOOO Slavkaliy, and the Wood-
smith Mine in north-east England, which is operated by 
Sirius Minerals Plc.

The ventilation equipment destined for the Belarus 
operation was supplied to the project contractors Red-
path Deilmann GmbH of Dortmund, Germany (former 
Deilmann-Haniel GmbH), while the system intended 
for the UK project was delivered to DMC Mining Ser-
vices (UK) Ltd of Scarborough. Both companies have 
been contracted to carry out the shaft sinking work. A 
new generation of mechanised sinking machine is to be 
employed in both countries. 

Containerised ventilation equipment is being in-
stalled above ground to provide an adequate supply of 
fresh air during the sinking phase. This equipment will 
ensure that both the sinking machines and the in-shaft 
workforce are able to operate in the best-possible cli-
matic conditions. The ventilation systems will therefore 
make a fundamental contribution to workplace health, 
and safety and environmental protection while at the 
same time promoting the efficiency and durability of 
the shaft sinking machines.

Shaft Sinking in Belarus

Redpath Deilmann was awarded the contract to sink 
the new shaft in July 2017. The project, which is to be 
carried out in the Belarus potash mining region some 
200 km south of the country’s capital Minsk, involves 
the construction of two 750  m-deep shafts using the 
freeze sinking method. 

Both shafts are to be sunk to a diameter of 8 m and 
will be constructed in parallel using two Herrenknecht 
type-SBR (Shaft Boring Roadheader) machines whose 
bottom section is fitted with a telescopic roadheader 
boom that can rotate through 360 °. 

The material extracted by the cutting drum is col-
lected across the entire width of the shaft floor by a 
pneumatic mucking system that delivers it via a 30 m-
long intake line to a suction tank, the latter operating 
on the cyclone principle to separate the debris from the 
air stream. The rock is then transferred to a kibble for 
transport to the surface. The dust fraction in the intake 
air that cannot be separated out in the cyclone is also 

Fig. 1: CFT shaft ventilation system for Belarus
(from left to right heater battery container, fan container 
with attached E-house container and air cooler)

Source of the figures: CFT GmbH Compact Filter Technic 
unless otherwise specified

extracted through a CFT type-CSBR dry deduster and 
reduced to a residual dust content of ≤ 0.05 mg/m3. The 
filter system is mounted on-board the SBR and operates 
at negative pressure. The vacuum required for this debris 
suction unit – also part of the ‘pneumatic conveying’ 
system – is produced by three rotary blowers attached 
to the clean gas zone, each with a drive rating of 315 kW.

The Belarus project marks a second outing for this 
new type of sinking installation (Fig.  1), the method 
having already been used in 2012 for the sinking of two 
potash shafts at the BHP Billiton owned Jansen mine 
in Canada [1]. When it becomes fully operational it is 
expected that the new mine in Belarus will be capable of 
producing around 1.2 million t of potassium chloride a 
year [2]. 

Ventilation System Requirements

The first exploratory talks between Redpath Deilmann 
and CFT took place in July 2017. These initially set out 
the requirements for the ventilation system and other 
framework conditions relating to the subsequent op-
eration of the installation. After calculating the airflow 
requirements and air duct routings the technical discus-
sions focused on the temperature conditioning of the 
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as possible so that when it adsorbs heat in the shaft it 
will only be warmed up to a mixed temperature that 
will not result in a thawing of the freeze zone.

 ▶ Air drying to prevent condensate  formation
Air drying was another objective connected with 
the air cooling process. Because of temperatures fall-
ing below the dew point at the frozen shaft inner 
wall condensate would immediately be formed on 
the surfaces of the walls if the air being introduced 
were not pre-cooled and dried. It was also impor-
tant to avoid fog formation – and in extreme cases 
even rain forming – in the shaft. In this particular 
case the use of an air cooling system automatically 
results in an air drying process as  the temperatures 
at the coils inside the air cooler are already below 
the dew point and the condensate is removed from 
the air by means of droplet eliminators before it can 
flow on towards the shaft and SBR.

 ▶ Increasing the fresh-air temperature in winter
The temperature levels present during the winter 
months also had to be taken into account. Accord-
ing to the climate tables temperatures of as low as 
–10 °C at 100 % relative humidity can be expected 
during the winter period. Especially at the beginning 
of the project, when the sinking is fairly shallow in 
depth and the shaft ducting still has a short reach, the 
air being fed to the shaft floor could be at too low a 
temperature during the coldest time of the year. The 
ventilation plant was therefore modified to include 
an electric heater battery for warming up the air.

As well as choosing the most efficient ventilation tech-
nology it was also important to get the layout of the 
overall installation just right. CFT proposed an in-
novative solution in which the ventilation equipment 
would be housed in shipping containers. This involved 
modifying standard ISO containers in such a way that 
component parts such as fans, heater batteries, air cool-
ers and electrical control systems could all be fitted in-
side. The advantages of the container system lie in better 
noise protection, higher equipment mobility thanks to 
the modular design concept and shorter assembly times 
on site. This brings another significant benefit in that it 
saves on the need for a fan housing to provide all-weath-
er protection for the different system components. 
Containerised components can be set up outdoors and 
already come with their own built-in weather protec-
tion for the system components and control equipment.

Design and Development of the Ventilation 
System

Two German firms − Korfmann Lufttechnik of Witten 
and WAT Wärme-Austausch-Technik, based in Ham-
minkeln − were called in to help with the configuration 
and selection of the system components (Table 1). 

After establishing the pipework routings and the 
levels of resistance offered by the various assemblies 
along the integrated circuit the design team was able to 

Fig. 2: Shaft Boring Road Header (SBR)  
by Herrenknecht AG
Source: Herrenknecht AG

fresh air being delivered through the shaft ducting to 
the SBR (Fig. 2). The detailed discussions on air tem-
perature centred on three key factors:

 ▶ Protecting the freeze wall from thawing
As the first 160 m of shaft are to be sunk using the 
ground freezing method the freeze zone can poten-
tially suffer a partial thaw due to the significant lev-
els of waste heat generated inside the shaft. In spite 
of the machine cooling systems in place it can be 
assumed that during the sinking phase the technol-
ogy installed on the shaft boring machine will cause 
800 kW or so of waste heat to be introduced into 
the airflow rising up through the shaft. In summer 
the outside air temperatures in Belarus can reach 
daytime maximums of 30 °C with 70 % relative hu-
midity. As it is drawn in by the fans this air will be 
warmed up even further due to compression and its 
temperature will then be raised even more as it is 
passed through the shaft ducting to the SBR. This 
subsequent warming process can be attributed to 
the waste heat from the boring machine that flows 
up through the shaft and warms up the shaft duct-
ing. In order to prevent this heat having a negative 
impact on the freeze wall and to create temperature 
conditions under which the in-shaft technology can 
operate trouble-free it is necessary to set up a surface 
cooling system for the fresh air. The aim here is to 
ensure that the fresh air entering the shaft is as cool 
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get to grips with calculating and selecting the fan units 
(Fig.  3). The calculation showed that the fan system, 
which was based on SIA standard 196 [3], had to deliver 
28.0 m3/s in order to achieve a required volume flow of 
25.9 m3/s at the shaft floor. The total pressure loss for 
all the ventilation equipment, including ancillaries and 
surface components, was calculated at 7,400 Pa.

To meet this specification it was decided to opt for 
two Korfmann, contra-rotating axial fans type GAL 
14-900/900 mounted in series (Fig. 4). The fan installa-
tion has an impeller diameter of 1.40 m and an electrical 
power rating of 90 kW per fan stage, resulting in a total 
electrical output of 360 kW. The fans, which are sensor 
monitored, are mounted on vibration dampers to isolate 
them from the installation as a whole. Using a completely 
sound-insulated 40 ft ISO container ensures a high level 
of sound protection. In order to facilitate short down-
times for maintenance purposes the container sides are 
provided with service hatches for rapid fan changeovers.

A control system with automatic mode is able to run 
the installation to a preset volume flow so as to ensure 
an efficient and user-friendly operating routine. This 
is achieved by automatic frequency adjustment of the 
motor speed. The control system is housed in a separate 
20 ft E-house container (Fig. 1). 

In order to determine the required cooling capac-
ity WAT carried out an advance climate calculation of 
the shaft temperatures to be expected during the sinking 
phase. This was based not only on the specified design 
temperature and air humidity levels during the summer 
months but also on the additional heat input of the fans 
to the fresh-air volume flow and the waste heat being 
discharged by the shaft boring machine with its impact 
on the shaft ducting. In order to deal directly with the 
thermal input of the fans the air cooler was positioned 
behind them and operated in pressurised mode. 

A temperature of 4 °C was specified as an efficient 
cooling limit and this was set as the target temperature 
behind the air cooler. Based on the results of the calcu-
lations it was decided to use a coiled tube cooler with a 
cooling output of 2,200 kW. During the cooling cycle, 
at temperatures of 30 °C with 70 % relative humidity, 
the system produces about 1,500 litres of condensate an 
hour and this water is separated from the air stream by 
means of a droplet eliminator. A distinctive feature of 
WAT coiled tube coolers is their low pressure losses and 
large heat exchanger surface. The cold water needed to 
operate the air cooler is provided from the client’s own 
freeze plant.

In order to maintain constant temperatures in the 
shaft for both summer and winter operations a target 
heater-battery temperature of +2 °C was chosen for the 
new layout. With the additional input of heat from the 
fans the temperatures at the exit from the shaft ventila-
tion system can therefore be regulated on an identical 
basis irrespective of the time of year. 

The electric heater battery has an output of 520 kW,  
this being divided into eight battery stages. One of the 
eight battery stages is thyristor controlled while the 

Table 1: Summary technical data for the shaft ventilation plant in Belarus, 
1 system per shaft

General type shaft ventilation plant

design containerised

supply voltage 400 V

length approx. 30.0 m

width approx. 6.0 m

height approx. 5.2 m

overall weight approx. 50 t

operation mode 24 h/d, automatic operation acc. to preset volume flow

Fan module type 2 contra-rotating GAL 14-900/900 axial fans

operation mode blowing

volume flow 28.0 m³/s

pressure 7,400 Pa

impeller diameter 1,400 mm

electric output 4 x 90 kW = 360 kW

Air cooler type coiled tube cooler RWK 2.200

cooling performance 2,200 kW

Air heating type electric heater battery

electric heating output 520 kW

Fig. 3: Performance characteristics for axial fan  
with 2 GAL 14-900/900 units

Fig. 4: Fan station with 2 GAL 14-900/900 units

other seven stages are switched on by an electric contac-
tor. The advantage of this system configuration is that it 
allows the target temperature in the heating regime to 
be precisely controlled to within half a degree Celsius. 
The switchgear panels controlling the heating battery 
are centrally housed within the E-house container. 
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The entire installation was then broken down again 
into its individual transport modules and shipped out 
on schedule in November 2018. The work of assembling 
the plant on site, including the first commissioning run, 
was completed in a week thanks to the modular design 
of the installation (Fig. 7). Both units were connected 
to the on-site process control system in order to ensure 
constant access to the ventilation system’s  data and sta-
tus modes. Following the commissioning phase training 
sessions were held at the mine for the future plant op-
erators. The project was successfully completed in De-
cember 2018 with the final assembly and commission-
ing of the ventilation plant for shaft number 1.

Shaft Sinking in the UK

In October 2018 CFT was awarded a further contract 
to design and build containerised ventilation systems 
for shaft sinking operations. The project partner in this 
case was DMC Mining Services (UK) Ltd., a compa-
ny that has been commissioned to sink four shafts for 
developing the Woodsmith Mine in the North York 
Moors National Park. 

The two main shafts for the new polyhalite mine, 
which when completed will be 1,600  m in depth, are 
also to be sunk using Herrenknecht SBR shaft boring 
machines. In order to meet the National Park’s strict 
rules and planning permission the mineral raised via 
the two main shafts will eventually be carried from the 
National Park by a series of conveyors running within 
a 37 km-long transport tunnel linking the mine site to 
Teesside on the north-east coast of England. Here the 
product will undergo further processing before being 
shipped out by sea. Constructing the mineral transport 
tunnel will require two additional shafts of 250 to 350 m 
depth that will be sunk using conventional technology. 
When it becomes fully operational the mine is expected 
to produce up to 20 mill. t of polyhalite a year [4].

Authorisation for the development of the new mine 
within the North York Moors National Park was sub-
ject to stringent environmental mitigation conditions. 
One of the key requirements included an adherence to 
sound pressure levels of between 42 and 55 dBA at vari-
ous points within a limited radius of the mine.

Engineering Design and Build of the 
 Ventilation Systems

The detail planning work needed for the ventilation sys-
tem commenced in October 2018. It was decided that 
each of the four shafts would be provided with an in-
take fan station designed to blow fresh air into the shaft 
and an exhaust fan station to draw air out of the shaft 
(Figs. 8 + 9). With this system the fresh air is always 
delivered to the bottom shaft zone while the waste air is 
exhausted from the head of the shaft column.

The ventilation systems for the two main shafts 
are technically identical (Table  2). The fresh-air sup-
ply, which has a stipulated volume flow of 29.2 m³/s at 

Fig. 5: Assembly of the ventilation system for number 2 shaft at the factory

Fig. 6: Service hatch (shown open) for fan container with axial fans behind

Fig. 7: Commissioning of ventilation system for 
 number 2 shaft at the mine in Belarus

Assembly of the Ventilation Equipment at 
the Factory and Installation at the Mine Site

The entire ventilation system was assembled at the CFT 
factory in the autumn of 2018 (Figs. 5 + 6). The total 
weight of the installation was about 50 t, with the heavi-
est module – the fan container – weighing in at 16.5 t. 
The ventilation systems for shaft numbers 1 and 2 were 
assembled one by one and were then put through an ex-
tensive series of function tests and checks. 
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a pressure of 8,700  Pa, is delivered by two Korfmann 
contra-rotating axial fans type GAL 14-900/900 along 
with an additional AL 14-900 axial unit connected in 
series. The air intake station has a total electric output of 
450 kW and is housed in a completely sound-insulated 
40 ft ISO container. For further soundproofing on the 
air intake side an additional 10 ft ISO container is fitted 
to the fan container that is specifically designed as an 
acoustic baffle silcencer. The fans are monitored by sen-
sors and are also mounted on vibration damping mats 
that isolate them from the rest of the installation.

The shafts for the UK project are not being con-
structed using the freeze sinking method that is re-
quired in Belarus. Nevertheless, air cooling is still of 
particular importance on two grounds: firstly, for oc-
cupational health reasons measures have to be put in 
place to ensure that the temperatures in and around the 
workplaces on the shaft boring machine do not exceed 
certain threshold values. Secondly, the technology in-
stalled in the shaft should not cause disruptions result-
ing from excessively high ambient air temperatures. In 
this connection the client has prescribed a cooling ca-
pacity of 2,000 kW per shaft and the use of finned-tube 
heat exchangers for air cooling purposes. Finned-tube 
heat exchangers consist of a series of pipes surrounded 
with fins to enlarge the heat exchanger surface, resulting 
in a very compact design. As it flows through the heat 
exchanger the air is cooled down on contact with the 
cold finned tubes. The temperature of the finned tubes 
is determined by the temperature of the water flowing 
through the tubes of the heat the exchanger. The WAT 
design provides for two heat exchangers per shaft each 
with a capacity of 1,000 kW. Each air cooler is installed 
in its own 20 ft ISO container and the fresh air flowing 
through is cooled to a target temperature of 4 °C at the 
exit point from the shaft ventilation system. The techni-
cal design of the heat exchangers allows them to reach 
their full performance at an inlet temperature of 1 °C at 
the water-side entry point to the air cooler.

In this case the cold water circuit is a closed system. 
After passing through the air cooler the water flowing 
out of the heat exchangers on the water side has an exit 
temperature of about 12 °C and is then delivered by a 
pair of pumps to two Carrier 30XBP air-cooled chillers. 
The air-cooled chillers each of 1,000 kW cooling capac-
ity cool the water back down to the 1 °C that is required 
for the air cooling process before the pumps return the 
water to the  finned-tube heat exchangers.

As well as providing a fresh air supply the ventila-
tion system is also designed for the extraction of waste 
air from the shafts. The specified extraction volume of 
46.2 m³/s is obtained by means of an AL 16-1100 axial 
fan with an impeller diameter of 1.60  m and a motor 
output of 110 kW. For effective soundproofing the in-
stallation is enclosed in a sound-insulated 40 ft ISO con-
tainer with an additional baffle silencer.

All the equipment needed to control the shaft ven-
tilation system, the latter comprising the intake station, 
air cooling system and exhaust station, is enclosed with-

Fig. 9: Assembly at the factory viewed from a  
different angle
(in foreground 2 cooler containers each with a 1,000  kW 
finned-tube air cooler)

Fig. 8: Assembly of the ventilation system for the 
service shaft at the factory
(from left to right: exhaust-air container, 2 air-cooled chillers, 
intake-air container with attached E-house container and  
2 stacked cooler containers)

Table 2: Summary technical data for shaft ventilation systems in the UK, 
1  system per main shaft

General type shaft sinking ventilation system

design containerised

supply voltage 11,000 V

length ca. 35.1 m

width ca. 13.3 m

height ca. 5.5 m

overall weight ca. 86.0 t

operation mode 24 h/d

Fan module  
Intake station

type 2 contra-rotating axial fans + 1 axial fan

operation mode blowing

volume flow 29.2 m³/s

pressure 8,700 Pa

impeller diameter 1,400 mm

electric output 5 x 90  kW = 450 kW

Air cooler type finned-tube heat exchange

cooling performance 2,000 kW

Fan module 
Exhauster station

type axial fan

operation mode exhausting

volume flow 46.2 m³/s

pressure 1,250 Pa

impeller diameter 1,600 mm

electric output 110 kW
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dismantling and subsequent re-assembly make for a fric-
tionless process that helps maintain adherence to speci-
fied time schedules. Containers are also easy to trans-
port and can readily be placed in interim storage. Not 
having to provide individual enclosures for the differ-
ent components makes the system even more efficient, 
while containerisation also meets the highest demands 
when it comes to acoustic insulation.
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Fig. 10: Interior view of E-house container
(left control room with switch cabinets and right transformer 
room)

in a specially modified 40 ft ISO container (Fig.  10). 
As the client’s power supply was set at a predetermined 
voltage of 11 kV an electric transformer also had to be 
included as part of the system. The detailed engineering 
therefore provides for the control container to be di-
vided into a control room with external access, where all 
the switch cabinets and frequency inverters needed to 
control the system are located, and a separate compart-
ment accessible from the control room, where the trans-
former system with its nominal rating of 2,200 kVA is 
housed.

The final assembly of the ventilation systems was 
carried out between April and August 2019, commenc-
ing with the assembly of the MTS shaft ventilation sys-
tems at the CFT factory. This project phase was accom-
panied throughout by intensive works testing.

Benefits of containerised Enclosures for 
Shaft Sinking Operations 

Mobile containers have proved to be a cost-effective 
solution for shaft sinking projects and their flexibility 
and reusability can open up new application options 
(see also the video [5]). If the equipment has to be rede-
ployed to another operating site their capacity for rapid 
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Construction is struggling with innovation, mainly 
due to intense price competition and low margins. 
The next innovation wave seems to be Building In-
formation Modeling (BIM). This article deals with 
the implementation of BIM at Hochtief Polska.

Digitisation • Construction • BIM • 
Implementation • Change management

Implementation of Building  Information 
 Modeling (BIM) as a Key Element for 
 Modernisation at the Construction  
Company Hochtief Polska
Dipl.-Ing. Klaus Böde, Hochtief Polska S.A., Poland

Introduction

BIM – or Building Information Modeling – is a method 
where the building is constructed digitally first so that 
problems such as mistakes in the design and conflicts at 
the building site can be prevented. Building sequences 
can also be optimised, which, thereby saving time and 
money. As well as the technical implementation side, 
working with BIM is process driven, so standard on-site 
processes for packaging and procurement, information 
management and works preparation must be developed 
and adopted by project staff so that BIM technology 
can be applied as efficiently as possible. Proper imple-
mentation necessarily depends on the development 
of an efficient strategy with efficient communication 
within the enterprise. This article explains how BIM is 
introduced at Hochtief Polska. It conludes a case study 
on BIM implementation, discusses the conclusions and 
presents the future outlook.

General Background

The construction industry, which is one of today’s most 
important sectors, has a major impact on the economy 
of any nation. In the West the construction industry 
generally produces 5 to 10 % of GDP (Gross Domestic 
Product). Every part of any building, infrastructure or 
real estate erected is the result of work carried out by 
some segment of the construction industry. However, 
as construction is a mature and highly competitive in-
dustry with limited scope for knowledge externalities 
it suffers from a comparatively low level of investment 
in innovation. By comparison, over the last 25 years the 
productivity index of the German manufacturing sector 
has undergone a significant increase, whereas in the con-
struction industry the index has remained almost static. 

There is increasing pressure to become more inno-
vative and deliver better value for money for clients. 
However, certain characteristics of the industry – e. g. 
low margins leaving less capital for innovation – appear 
to slow progress and make innovation difficult. Fur-
thermore, the combination of individual procurement 
of heterogeneous products by clients and increasing 
specialisation and subcontracting within the industry 

significantly limits the scope and potential for positive 
knowledge externalities. At the same time the pressure 
on time and costs is increasing significantly, which can 
be seen in the massive growth in the number of low cost 
offers and the increasing importance of claim-manage-
ment. Effective solutions are needed to cope with this 
increasingly difficult environment.

The construction industry seems to be going 
through a radical tranformation. Changing technol-
ogy is providing new opportunities to improve the ex-
ecution of projects that are becoming more and more 
complex. This also applies to the environment in which 
the projects are being undertaken. The growing concen-
tration of demands for sustainability is creating a set of 
cirmumstances in which higher quality has to be per-
formed on less space. 

With the key word ‘Industry 4.0’ the construction 
industry is facing increased digitisation. The introduc-
tion of BIM, or Building Information Modeling, rep-
resents a significant innovation. With this method a 
building can be fully and geometrically visualised in a 
(virtual) 3D computer model before construction com-
mences. This means that all the relevant parameters 
required for the execution phase can be retrieved from 
the model. 3D data storage enhances the on-site data 
management process, information can be shared more 
easily and conventional 2D plans will soon be a thing of 
the past. What is more, 4D models with the capacity for 
construction scheduling, and 5D models with a full set 
of construction cost estimates, will also be able to gener-
ate significant benefits for the industry. 

A holistic view to projects and processes is required 
if all the benefits of innovation are to be realised. This 
can be summed up as follows: 
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invoicing easier and – in the same way – enabling de-
fects and their elimination to be monitored efficiently. 
A typical construction process with the BIM interfaces 
is shown in Figs. 1 and 2.

BIM Implementation at the Construction 
Company Hochtief Polska 

Case Study Presentation

Hochtief Polska started to implement BIM at the end 
of 2016 with initial staff training and the development 
of general guidance on using BIM technology. BIM was 
then piloted on a design & build project in Warsaw, fol-
lowed by application for structural design in the Techni-
cal Office of the Warsaw Branch. These steps meant that 
BIM could then be implemented as a pilot for project 
execution starting April 2018.

A suitable project was found with the acquisition 
of a build contract in Poznan. The project comprised 
the design & build of a two-story office building with 
basement, the GFA (gross floor area) amounting to 
10,000  m2. The contract included all structural work, 
which was to be partly executed with prefabricated 
concrete elements and steel structures, all M&E works 
(without equipment and external services) and all access 
roads. The overall cost was put at 20.5 million euros.

The client was to be responsible for the functional 
description of the works while Hochtief would produce 
the full execution design. 

The proposed project execution period of 19 
months consists of: 

 ▶ 8 months for implementation planning and design, 
including

 ▷ 3 months for preparing the building design per-
mit process (including all required authorisa-
tions) and 2 months for obtaining the building 
permit 

 ▶ 9 months for the execution of the works (one shift 
per day anticipated)

 ▶ 3 months for handover and for the receipt of the oc-
cupancy permit 

During the main design phase between September and 
December 2018 a series of weekly design meetings took 
place. Hochtief and the subcontractors developed a to-
tal of 15 individual BIM models namely structural, ar-
chitectural, ventilation (4 models, 1 each floor), electri-
cal (2 models), plumbing, mechanical, tele techniques, 
gas piping, air conditioning (2 models), canalisation, 
and heating. 11 models were based on Revit software 
and 4 models for ventilation design were based on Vent-
pack software featuring special duct design algorithms. 
Ventpack models can be easily downloaded with Revit 
and IFC (Industry Foundation Classes) formats.

Hochtief coordinated the design meetings by syn-
chronising the models with BIM Collab software. So-
libri Model checking software was also used. In order to Fig. 1: Tender process – BIM interfaces

 ▶ Digitisation in the construction industry leads to a 
comprehensive and integrated approach to projects 
and connected processes. Looking at life cycle costs 
becomes increasingly important. Design, procure-
ment and execution is no longer seen as a separate 
service. Their leverage gains importance from plan-
ning over project realisation to handover and opera-
tion. 

 ▶ Needs drive change. The industrial construction sec-
tor is driven by the need for a sustainable Return on 
Investment (ROI), so in principle is owner driven. 

 ▶ Planning and design is of the essence. The more 
we know and the sooner we know it, and in con-
sequence the more finite our investment strategies 
become, the more we will demand predictable out-
comes.

 ▶ Processes are in focus: changes in construction are 
influenced much less by what we can do (technol-
ogy) than by what we must do (process).

BIM can be exploited to the full provided that the pro-
ject is virtually planned and built before actual work 
begins. BIM provides a completed model of final de-
liverables, offering visual foresight of access, site layout, 
crane staging, and various other construction sequenc-
ing challenges, enabling the formation of a more robust 
execution plan. In principle the typical construction 
and production processes remain as they are. The key 
element is to gather and share data as early as possible 
a stage. BIM is therefore able to support the individual 
construction phases in several ways, including preparing 
QTOs (quantity takeoffs), which makes for much more 
accurate estimates, optimising the level of coordination 
between the various work packages and identifying 
and eliminating inconsistencies in the model. Work in 
progress can be determined accurately, thereby making 
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save time, site preparation and excavation activities, and 
ground piling operations, were carried out in parallel 
with the design work. Design and coordination meet-
ings continued on an as-needed basis during the execu-
tion phase.

More than 250 design issues (classified as incident, 
errors, inconsistencies, requests for information, en-
quiries, remarks and arrangements) were identified and 
resolved during the planning and design phase. By the 
end of December 2018 the client had received a full set 
of 2D drawings, along with the contractually agreed 
MEP Model components, for approval. Other activities 
carried out at the same time included: development of 
the structural model for QTOs for site excavations, the 
animated sequencing of the concrete works, checks for 
completeness and QTOs for slabs, modelling of external 
roads, sidewalks and parking places. The relevant sub-
contractors were also able to develop their schedules for 
MEP works.

Main Experiences gained from the Case 
Study

BIM Execution Plan (BEP)

An important prerequisite is the establishment of a 
proper BIM Execution Plan (BEP), clarifying the roles 
and responsibilities on site, the standards to be applied 
and procedures to be followed. One way of looking at 
a BEP is to see it as a construction project rule book. 
The BEP details the roles of those involved, e. g. who is 
working on the project and what are their individual re-
sponsibilities. As every construction job is different, the 
BEP has to be tailored to match the project.

Work Breakdown Structure (WBS)

A frictionless information flow is reliant on the forma-
tion of a uniform nomenclature, starting with a Work 
Breakdown Structure (WBS), which is a hierarchical 
representation of the complete project (based on work 
to be done). The WBS forms a direct link between work, 
time and cost by serving as the basis for work packaging, 
procurement, schedule development, work preparation 
and cost accounting. The information can be collected 
and shared under the same numbering/headings. As a 
result, a standardised WBS is seen as a prerequisite for 
optimised site processes. 

Procurement

The quantities and specifications for ground works and 
structural works (foundations, slabs, etc.) were in part de-
termined on the basis of a simplified initial BIM Model. 
Tender calculations were based on received subcontrac-
tor offers and on prices obtained on similar projects 
currently under way. Key subcontractors for all M&E 
works, façades, steel structures, etc, had to be procured 
before completing the execution. A standardised package 

Fig. 2: Construction process – BIM interfaces

approach was chosen for these works in order to mini-
mise exposure to claims. Letters of Intent were signed for 
M&E works (43 % of CV) with selected subcontractors. 
Final contracts were concluded as a lump sum based on 
the basis of back-to-back contract conditions.

Share Point 

The implementation of a uniform share point system 
for the frictionless sharing of all information between 
the project parties is a critical issue. Adequate access 
rights have to be developed to protect sensitive infor-
mation.

Scheduling

It is general practice at Hochtief Polska to prepare pro-
ject execution schedules for tendering for the contract 
before the execution of works, with special information 
provided on procurement and design. Regular updates 
of schedules during execution are carried out monthly, 
in line with standard project reporting obligations. In 
the case of this particular project proper schedule update 
procedures are to be developed in conjunction with the 
BIM model during the execution phase.

Shifting of Tasks and Responsibilities 

Using BIM means that team tasks and responsibilities 
can change and specific roles must be defined. As a re-
sult, an appropriate set of project job descriptions have 
to be defined before and during project execution.

Development of Standard Procedures

BIM allows a digital twin of the projects to be created, 
thereby generating significant productivity gains for 
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 ▶ Improved sequencing through visualisation enables 
all work packages to achieve shorter project execu-
tion times.

 ▶ Improved procurement with better specifications and 
accurate QTOs (quantity takeoffs) for procurement 
packages to generate substantial cost reductions

 ▶ Overall performance/progress control and, more 
specifically, improved control of subcontractor 
works during project execution in terms of com-
pleteness, time and quality

The most important internal and external constraints 
for BIM implementation are:

 ▶ Internal
 ▷ Construction project execution is a complex and 
interdisciplinary management task, coordinated 
by senior and well experienced site managers. 
Construction is based on extensive personnel 
experience and, generally speaking, new working 
methods are only adopted if the managers feel 
that they will succeed, i. e. they do not like ‘experi-
ments with unknown outcomes’. The reluctance 
to change is based on the experience that any dis-
ruption of the construction process can cause pro-
ject failure. Existing and experience-based project 
management processes and tools must therefore 
be adopted and tailored for efficient BIM applica-
tion on site.

 ▷ Construction is a low margin business and as a re-
sult it is difficult for management contractors to 
bear the cost of BIM implementation, unless the 
client pays for it.

 ▷ In many cases there are insufficient IT and BIM 
skills available (calibre of personnel and high 
costs). Subcontractors and in some cases external 
designers often lack suitable IT skills.

 ▶ External
 ▷ A kind of containerised working environment 
often applies on construction sites. Every project 
player is owner of his (own) data. Implementing 
BIM will change this practice and compel infor-
mation exchange through improved cooperation.

 ▷ Architects and designers complain that the cost 
of BIM is too high for them. Moreover, extra 
planning and design work has to be carried out in 
earlier project phases and this is often not paid for 
due to fixed and phase-based remuneration sched-
ules for planners and architects. 

 ▷ There is a lack of guideline legislation for the 
adoption of BIM for public and private projects 
in Poland.

 ▷ The normal business environment prevailing 
in the construction sector tends to segregate ar-
chitects/designers from contractors engaged in 
works planning and execution.

 ▷ In some cases architects/owners are reluctant to 
share knowledge and prefer to protect their ‘knowl-
edge base’. This ties in line with copyright issues.

planning, design and execution. However, working 
with BIM is process driven. It is important to develop a 
set of standard processes based on existing work proce-
dures and as close to standard daily routines as possible, 
adopting or tailoring them carefully to BIM require-
ments. 

Conclusions

Direct findings from the case study are as follows: 

 ▶ The implementation of BIM at Hochtief Polska is 
expected to improve efficiency in daily construction 
management practice. However, widespread and 
comprehensive implementation needs to be acceler-
ated.

 ▶ The case study showed that standard patterns and 
processes for efficient operational uses of BIM could 
be developed and embedded into practical project 
execution.

 ▶ A key requirement for successful BIM adaptation in 
the construction sector is the introduction of stand-
ardised easy-to-use processes for packaging, infor-
mation management and work preparation that are 
as close to the typical construction environment as 
possible so as to guarantee comprehensive BIM use 
on site and to achieve the desired gains in efficiency. 
In addition, the processes must be built into the daily 
work routines and have to be used intuitively so as to 
avoid previously used “conventional” work patterns.

 ▶ Standard processes and templates developed in the 
case study can be used for further rollouts, training 
sessions, procurement and PR.

 ▶ The full roll-out time is put at 2 to 3 years. This 
timeframe is required for the further improvement/
refinement of procedures and for training sessions 
and standardisation work. 

 ▶ In order to use BIM efficiently it is very important 
to define the type of information and its quality and 
format, to be made available for decisions making 
based on secured information and proper risk as-
sessment. It is important not to generate more in-
formation than is needed.

 ▶ Substantial efficiency gains in design efficiency can be 
obtained using BIM when compared to conventional 
2D methods. However, it is necessary to take account 
of efficiency losses during the implementation phase.

 ▶ The management team is able to gain easy access to 
technical data via central data management and data 
exchange platforms.

 
The main benefits of BIM are: 

 ▶ Elimination of planning and execution mistakes 
(conflicts and inconsistencies can be identified and 
omissions can be detected and properly managed)

 ▶ Generation of 3D MEP plans during execution can 
produce efficiency gains when implementing of 
work packages on site.
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 ▷ Standard specification details have to be devel-
oped and agreed.

Future Outlook and the Road  
ahead for BIM

The following aspects need to be borne in mind for the 
effective development and high acceptance of BIM:
 

 ▶ BIM should be seen as a part of a comprehensive 
digitisation strategy for the construction sector and 
its implementation should be regarded as an impor-
tant management task. This includes the definition 
of a proper strategy for the enterprise.

 ▶ Digitisation in construction is not a revolution or a 
disruption but rather a process of ongoing change 
and improvement.

 ▶ Digitalisation is not optional: the increasing pace 
and frequency of the changes taking place require us 
to focus on new challenges and not on established 
practices.

 ▶ Major contractors generally prefer to handle de-
sign and BIM management themselves. They are 
developing strategic BIM-management capabilities 
in-house and have a strong desire to connect with 
BIM experts and partners in design and planning 
offices. This in turn, will enable large construction 
management companies to gain greater competitive 
advantage. 

 ▶ The principle rule is planning and design first and 
then construction. This should apply to all con-
struction jobs, not just the major projects. 

 ▶ A BIM project execution plan (BEP) should be de-
veloped for every project, defining the requirements 
for cooperation and workflow. BEPs could be at-
tached to contracts. 

 ▶ BIM changes the working culture in of the construc-
tion sector and calls for requiring different contract 
models. Partnerships and alliances can be adopted, 
of the kind sometimes used in Anglo American 
countries. 

 ▶ The value chain will change radically. Owners/de-
velopers, planners, general contractors and suppli-
ers/manufacturers will undergo a substantial change 
of roles and take on different task profiles. Possi-
bilities include the establishment of direct links to 
manufacturers as a result of different and improved 
design capabilities.

 ▶ Any successful digitisation strategy must involve 
a re-think of the organisational structure, with 

flat hierarchies and interdisciplinary cooperation 
throughout the company:

 ▷ Employees must be heard and included in the re-
forms, i. e. BIM should in certain cases be devel-
oped from the bottom up as part of an evolution-
ary process. Specialist staff working with BIM will 
be the main drivers the process. 

 ▷ Creation of separate innovation units to develop 
new ideas in a ‘protected space’.

 ▷ The ‘trial and error’ method should be accepted 
rather than the ‘perfectionist’ approach.

 ▷ Digitisation requires strong partnering concepts. 
 ▷ Maintain contact with the client to demonstrate 
how customer service quality has improved. 

 ▷ ‘Digital innovation yes, but not digital only’. This 
means that traditional structures should not be 
destroyed – because digitisation works best if 
both worlds, i. e. the old and way of business and 
the new, can be connected together. In other 
words, new technologies only make sense when 
the capabilities of the existing ones are exhausted. 
The potential of the current solutions therefore 
needs to be exploited to the full before moving 
onto something new. By this way means it is pos-
sible to put together teams of young computer-
literate engineers and older, more experienced 
professionals and thereby release new potential.
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Dear Market Place Readers!
for many years now, geosynthetics have been used in 
geotechnical engineering, in tunnelling, and in min-
ing. Depending on our point of view, in comparison 
to classical construction materials such as concrete and 
steel we consider geosynthetics as innovative construc-
tion products, or as construction products which have 
proven themselves over several decades in various ap-
plications. In the relevant courses of study for users of 
geosynthetics, such as civil engineering, the basics of 
plastics are often conveyed only briefly and in a very 
condensed manner in lectures on Construction Mate-
rials. And in the application-oriented subjects of geo-
technical engineering, tunnel construction and min-
ing, solutions which involve geosynthetics are taught 
with varying degrees of detail, and frequently only in 
specialised courses.

This Market Place Geosynthetics 2019 will show 
you that there are companies, institutions and associa-
tions with practical know-how on geosynthetics and 
their applications in areas such as:

 ▶ the manufacture of geosynthetics 
 ▶ planning applications using geosynthetics and de-

veloping economical, environmentally compatible 
and compliant solutions 

 ▶ product testing 
 ▶ producing designs with regard to load-bearing 

capacity and serviceability limit state 
 ▶ professional construction methods 
 ▶ quality monitoring 
 ▶ training and development 
 ▶ etc.

Market Place Geosynthetics aims to provide you with 
contacts to various companies, institutions and associa-
tions so that you can obtain the necessary information 
and, where appropriate, find suitable solutions with 
geosynthetics and then evaluate these and implement 
them in a manner which meets with high quality stand-
ards. This Market Place therefore contains:

 ▶ a list of companies, institutions and associations 
with their contact details 

 ▶ a matrix of these companies, institutions and as-
sociations with information

 ▷ on their type 
 ▷ on the sectors in which they are active 
 ▷ on the geosynthetics products they deal with 
 ▷ on the services they provide 

 ▶ portraits of companies, with additional information 
on their specialities, products and services 

We hope that communicating with the companies, in-
stitutions and associations will help you make decisions 
which result in safe, economical, and environmentally 
and climate-friendly structures. 

We thank the following organizations for their support 
in preparing this Market Place: 

 ▶ Industrieverband Geokunstoffe e.V. (Geosynthetics 
Industry Association) (IVG) 

 ▶ Arbeitskreis Grundwasserschutz e.V. (Working 
Group Groundwater Protection) (AK GWS) 

 ▶ Arbeitskreis Tunnelabdichtung e.V. (Working 
Group Tunnel Sealing) (AK TA) 

 ▶ European Association of Geosynthetic product Ma-
nufacturers (EAGM) 

Please regard us as your contact for our Market Place 
issues, for our portal, and for the GeoResources Journal 
(English) and the GeoResources Zeitschrift (German). 

Yours sincerely

The GeoResources Team  
 Katrin Brummermann & Manfred König
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HUESKER Synthetic GmbH  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
Ma-Ro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
Naue   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17
Rw-vW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18
Tensar International GmbH .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19
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AGRU • • • • • • • • • • • • • • • • • • • • •
APS Antriebs-, Prüf- und Steuertechnik GmbH • • • • •
Arbeitskreis Grundwasserschutz e.V. • • • • • • • •
BECO Bermüller & Co. GmbH • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
BPA GmbH • • • • • • • • • • • •
Dr. Klaus Schulte GmbH • • • • • • • • • • • • • • • • • • • • • • •
EAGM - European Association of Geosynthetic product Manufacturers • • • • • • • • • • • • • • • • • • • • • • • • •
Fachbereich Bauingenieurwesen/h_da Hochschule Darmstadt • • • • • • • • • •
Feldhaus Bergbau GmbH & Co.KG • • • • • • • • • • • •
Fibertex Nonwovens A/S • • • • • • • • • • • • • • • •
G quadrat Geokunststoffgesellschaft mbH • • • • • • • • • • • • • • •
Geobrugg AG • • • • • • • • • • • • •
GeoResources • • • • • • • • • • • • • • • •
GEOscope GmbH & Co. KG • • • • • • • •
GfG Gütegemeinschaft für Gabionen e. V. •
GSE Lining Technology GmbH - A Solmax Company • • • • • • • • • • • • • • • • •
Würzburg-Schweinfurth, Hochschule für angewandte Wissenschaften  
Fakultät für Architektur und Bauingenieurwesen • • • • • • • • • • • • • • • • • • • • • • • • • • •
HOY Geokunststoffe GmbH • • • • • • • • • • • • • •
HUESKER Synthetic GmbH • • • • • • • • • • • • • • • • • • • • • • • • • •
Industrieverband Geokunststoffe e. V. (IVG) • • • • • • • • • • • • • • • • • • • • • • • • • • • •
Ingenieurbüro Geoplan GmbH • • • • •
Kiwa GmbH TBU • • • • • • • • • • • • • • • • • • • • • • • •
Limes GmbH • • • • • • • • •
Maccaferri Deutschland GmbH • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
Meese GmbH • • • • • • • • • • • • •
Muenster University of Applied Sciences • • • • • •
NAUE • • • • • • • • • • • • • • • • • • • • •
Prof. Kirschke GmbH & Co. KG • •
PROGEO Monitoring Systeme & Services GmbH & Co. KG • • • • • • • • • • • • • • •
Renesco Holding AG • • • • • • • • • • • • • • •
Rothfuss Best Gabion GmbH & Co. KG • •
RWTH Aachen University - Geotechnik im Bauwesen • • • • • • • • •
TenCate Geosynthetics Austria GmbH • • • • • • • • • • • •
Tensar International GmbH • • • • • •
TPH Bausysteme GmbH • • • • • • • • • • • • • • • • • • • • • • •
TU Bergakademie Freiberg, Institut für Geotechnik  
Bodenmechanisches Laboratorium • • • • • • • • • • • • • • • •
TU München - Zentrum Geotechnik • • • • • • • • • •
Universität Rostock - Professur Geotechnik & Küstenwasserbau • • • •
URETEK Deutschland GmbH • • • • • • •
von Witzke GmbH & Co. KG • • • • • • • • • • • • • • • •
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AGRU • • • • • • • • • • • • • • • • • • • • •
APS Antriebs-, Prüf- und Steuertechnik GmbH • • • • •
Arbeitskreis Grundwasserschutz e.V. • • • • • • • •
BECO Bermüller & Co. GmbH • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
BPA GmbH • • • • • • • • • • • •
Dr. Klaus Schulte GmbH • • • • • • • • • • • • • • • • • • • • • • •
EAGM - European Association of Geosynthetic product Manufacturers • • • • • • • • • • • • • • • • • • • • • • • • •
Fachbereich Bauingenieurwesen/h_da Hochschule Darmstadt • • • • • • • • • •
Feldhaus Bergbau GmbH & Co.KG • • • • • • • • • • • •
Fibertex Nonwovens A/S • • • • • • • • • • • • • • • •
G quadrat Geokunststoffgesellschaft mbH • • • • • • • • • • • • • • •
Geobrugg AG • • • • • • • • • • • • •
GeoResources • • • • • • • • • • • • • • • •
GEOscope GmbH & Co. KG • • • • • • • •
GfG Gütegemeinschaft für Gabionen e. V. •
GSE Lining Technology GmbH - A Solmax Company • • • • • • • • • • • • • • • • •
Würzburg-Schweinfurth, Hochschule für angewandte Wissenschaften  
Fakultät für Architektur und Bauingenieurwesen • • • • • • • • • • • • • • • • • • • • • • • • • • •
HOY Geokunststoffe GmbH • • • • • • • • • • • • • •
HUESKER Synthetic GmbH • • • • • • • • • • • • • • • • • • • • • • • • • •
Industrieverband Geokunststoffe e. V. (IVG) • • • • • • • • • • • • • • • • • • • • • • • • • • • •
Ingenieurbüro Geoplan GmbH • • • • •
Kiwa GmbH TBU • • • • • • • • • • • • • • • • • • • • • • • •
Limes GmbH • • • • • • • • •
Maccaferri Deutschland GmbH • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
Meese GmbH • • • • • • • • • • • • •
Muenster University of Applied Sciences • • • • • •
NAUE • • • • • • • • • • • • • • • • • • • • •
Prof. Kirschke GmbH & Co. KG • •
PROGEO Monitoring Systeme & Services GmbH & Co. KG • • • • • • • • • • • • • • •
Renesco Holding AG • • • • • • • • • • • • • • •
Rothfuss Best Gabion GmbH & Co. KG • •
RWTH Aachen University - Geotechnik im Bauwesen • • • • • • • • •
TenCate Geosynthetics Austria GmbH • • • • • • • • • • • •
Tensar International GmbH • • • • • •
TPH Bausysteme GmbH • • • • • • • • • • • • • • • • • • • • • • •
TU Bergakademie Freiberg, Institut für Geotechnik  
Bodenmechanisches Laboratorium • • • • • • • • • • • • • • • •
TU München - Zentrum Geotechnik • • • • • • • • • •
Universität Rostock - Professur Geotechnik & Küstenwasserbau • • • •
URETEK Deutschland GmbH • • • • • • •
von Witzke GmbH & Co. KG • • • • • • • • • • • • • • • •
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AGRU 

Ing. Pesendorfer Str. 31 
 
4540 Bad Hall 
Austria

 
phone: 
email: bah@agru.at
internet: www.agru.at

APS Antriebs-, Prüf- und Steuertechnik GmbH 

Götzenbreite 12 
 
37124 Rosdorf-Göttingen 
Germany

 
phone: +49 551 307 52-0
email: info@wille-geotechnik.com
internet: www.wille-geotechnik.com

Arbeitskreis Grundwasserschutz e.  V. 

Friedrichstraße 95 
 
10117 Berlin 
Germany

 
phone: +49 30 20 96 36 85
email: info@akgws.de
internet: www.akgws.de

Arbeitskreis Tunnelabdichtung e. V. 

Adolf-Dembach-Straße 4a 
 
47829 Krefeld 
Germany

 
phone: +49 2151 788 83-10
email: info@akta-ev.de
internet: www.akta-ev.de

BECO Bermüller & Co. GmbH 

Rotterdamer Straße 7 
 
90451 Nürnberg 
Germany

 
phone: +49 911 642 00-0
email: info@beco-bermueller.de
internet: www.beco-bermueller.de

BPA GmbH 

Behringstrasse 12 
 
71083 Herrenberg 
Germany

 
phone: +49 7032 89 39 90
email: info@BPA-waterproofing.com
internet: www.BPA-waterproofing.com

Dr. Klaus Schulte GmbH 

Kleyer Weg 40 
 
44149 Dortmund 
Germany

 
phone: +49 231 965 06 60
email: info@doks-schulte.de
internet: www.doks-schulte.de

EAGM – European Association of Geosynthetic product  
Manufacturers
25, rue Alfred Werner 
 
6859 Mulhouse 
Frankreich

 
phone: +49 1520 198 52 12
email: info@eagm.eu
internet: www.eagm.eu



GeoResouRces MaRket Place Geosynthetics 2019 9

 GeoResources Supplement 
 www.georesources.net

BPA GmbH

Waterproofing is our Passion

Behringstrasse 12Address:

Zip, City: 71083 Herrenberg

Country: Germany

phone: +49 7032 89 39 90

email: info@BPA-waterproofing.com

internet: www.BPA-waterproofing.com

Category: manufacturer
Branches:  underground mining; tunnelling; building foundation
Products:  sealing technique; geosynthetics; nonwoven geotextiles (GTX-NW); polymeric geosynthetic barriers (GBR-P);  

clay geosynthetic barriers (GBR-C); joints; construction material, construction products; construction material supply
Services: engineering; sealing work

At BPA we engineer and manufacture reli-
able and effective sealing solutions for base-
ments, water containment facilities, and tun-
neling.

Sustainable Production and Protection: BPA’s 
Research and Development focus is based on 
the development of products and systems 
that will last a lifetime. To enable us to achieve 
this goal we must consider sustainability, 
 durability and product efficacy. Our products 
are engineered and tested to the highest 
standards, and this gives our clients the con-
fidence to make BPA their supplier of choice. 

The consistent, productive and client- 
oriented development of our products as well 
as the creation of new and innovative high-
performance waterproofing systems is the 
key to our success. We work in a collaborative 
way with our clients to meet the demands of 

local markets and the different construction 
techniques employed. As the challenges vary 
from country to country, and site to site, we at 
BPA seek to offer the best systematic solution 
for each project we encounter. 

Continuous Improvement through Technol-
ogy Leadership – Making the best,  better – The 
steady exchange of ideas between sales, 
manufacturing, research and development 
is the basis for the ever-increasing selection 
and approval of our products by construction 
 professionals worldwide. 

Our ongoing emphasis on product innova-
tion and improvement underpins our position 
as the worldwide leader in our technological 
field. Regular advancement of the patented 
BPA-CEMflex® technology demonstrates 
our unrelenting commitment to continuous 
 improvement.

www.BPA-waterproofing.com
BPA GmbH    Behringstraße 12    D-71083 Herrenberg
Phone +49 (0)7032 89 399-0    info@BPA-waterproofing.com

to
p1

00
.d

e

For permanent water-tightness rely on BPA sealing technology.  

At BPA our objective is to protect concrete structures;  
buildings, tunnels, and foundations, from moisture ingress  
with our innovative, high quality, and durable sealing systems. 

BPA‘s innovative products combine with the concrete to provide 
waterproofing functionality which stays active throughout the 
lifetime of the structure. Recognised as a TOP 100 Innovator, 
BPA‘s technologies are valued worldwide. 

Choosing BPA ensures lifetime protection of your investment.

WATERPROOFING IS OUR PASSION
SEALED10

0%
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Fachbereich Bauingenieurwesen/h_da Hochschule Darmstadt 

Haardtring 100, 64295 Darmstadt 
 
64295 Darmstadt 
Germany

 
phone: +49 615 11 63 81 40
email: sekretariat.fbb@h-da.de
internet: www.h-da.de/

Feldhaus Bergbau GmbH & Co.KG 

Auf dem Loh 3 
 
57392 Schmallenberg 
Germany

 
phone: +49 2972 30 51 16
email: +49 2972 30 51 26
internet: www.feldhaus.com

Fibertex Nonwovens A/S 

Kölner Str. 101 
Verkaufsbüro DE/AT/CH 
57368 Lennestadt 
Germany

 
phone: +49  2721 71 55 49
email: bwi@fibertex.com
internet: www.fibertex.com

G quadrat Geokunststoffgesellschaft mbH 

Adolf-Dembach-Straße 4a 
 
47829 Krefeld 
Germany

 
phone: +49 2151 78 88 30
email: info@gquadrat.de
internet: www.gquadrat.de

Geobrugg AG 

Aachstrasse 11 
 
8590 Romanshorn 
Switzerland

 
phone: +41 71 466 81 55
email: info@geobrugg.com
internet: www.geobrugg.com

GeoResources 

Oleanderweg 12 
 
47228 Duisburg 
Germany

 
phone: +49 172 244 16 16
email: info@georesources.net
internet: www.georesources.net

GEOscope GmbH & Co. KG 

Nordstr. 3 
 
99427 Weimar 
Germany

 
phone: 
email: team@geoscope.eu
internet: www.geoscope.eu

GfG Gütegemeinschaft für Gabionen e.V. 

Dr.-Oetker-Str. 30 
 
54516 Wittlich 
Germany

 
phone: +49 6571 952 33-52
email: info@gfg-gabionen.de
internet: www.gfg-gabionen.de

Portal for Mining, Tunnelling, Geotechnics and Equipment
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G quadrat Geokunststoffgesellschaft mbH

The World of Geosynthetics

Adolf-Dembach-Straße 4aAddress:

Zip, City: 47829 Krefeld

Country: Germany

phone: +49 2151 78 88 30

email: info@gquadrat.de

internet: www.gquadrat.de

Category: manufacturer; dealer; construction
Branches: tunnelling; geotechnics; special civil engineering; landfill construction; hydraulic engineering; remediation; environment protection
Products: sealing technique; geosynthetics; construction material, construction products; dewatering, groundwater control
Services: design; consulting; planning; engineering; construction; sealing work; maintenance and repair; measurement, testing, monitoring;  

geotechnical certificates and reports; research; training; public relations work; project, process, data management;  
object/strucural planning/calculation/dimensioning; restructuring, rehabilitation

Geosynthetics and mineral specialty prod-
ucts have established themselves as an 
essential part of the world of geotechnical 
engineering. 

Core competences of G quadrat Geokunst-
stoffgesellschaft mbH (G²) are, sealing of 
landfills, swimming pools and tunnels, 
groundwater and flood protection as well 
as geotechnical engineering. Moreover, G² 
develops and manufactures special  mineral 
products used for sealing special applica-
tions e. g. for backfilling and protecting 
pipelines. G² offers project development, 
production and installation from one single 
source. Since its foundation in 2000, G² and 
its subsidiaries and participations have suc-
cessfully realized construction projects in 
Germany and abroad. 

In addition to planning and implement-
ing projects, research and development 
are further core competences of G². Thus 
custom-designed solutions and products 
are developed, offering both economic and 
technical added value. The experts at G² are 
familiar with a wide range of  products and 
system solutions. They are happy to assist 
you with the technically appropriate and 
cost- effective selection of products indi-
vidually suited to your construction project. 

In order to have a say in technical de-
velopments and legislative/regulatory 
framework changes, G² is an active mem-
ber of many well-known associations and 
 institutions, such as DVS, AK GWS, AK TA, 
STUVA, BWK and DGGT.

DuoLiner

VINVLY SHEET PILING

LANDFILL SEALING

POOL AND POND SEALING

TRISOPLAST®

SLURRY LAGOON

DuoFill®

DuoLock®

CONCRETE PROTECTION LINER

G quadrat 
Geokunststoffgesellschaft mbH

Adolf-Dembach-Strasse 4a | 47829 Krefeld – Germany 
Phone +49 21 51 7 88 83-0 | info@gquadrat.de | www.gquadrat.de

SAND PROTECTION LINER

GEOTECHNICAL ENGINEERING

GROUNDWATER AND FLOOD PROTECTION

TUNNEL SEALING
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GeoResources

We place the underground in the foreground!.

Oleanderweg 12Address:

Zip, City: 47228 Duisburg

Country: Germany

phone: +49 172 244 16 16

email: info@georesources.net

internet: www.georesources.net

Category:  education/research/teaching; communication/press/publisher
Branches:  mining; underground mining; surface mining; quarrying; abandoned mining; geothermal energy; tunnelling; geotechnics; special civil 

engineering; landfill construction; building foundation; hydraulic engineering; remediation; environment protection
Products:  
Services: data collection and communication; education, further education; public relations work

GeoResources is an internet portal for geo-
technical engineering, mining, energy, raw 
materials, tunnelling and equipment. It 
provides information on all aspects of these 
areas to specialists from around the world. 

GeoResources aims to facilitate connec-
tions between classical readers of print media 
and the computer generation in both profes-
sional and social aspects. The portal and the 
magazines combine news and technical in-
formation in an unconventional manner. 

The online portal www.georesources.net 
contains news, a calendar of events, com-
pany information and the trade journal 
GeoResources. 

The quarterly issues of GeoResources 
Journal and Zeitschrift contain detailed and 
user-oriented information, articles and con-

tributions on construction sites, services 
and equipment as well as on research and 
development at companies and relevant 
universities. All magazine issues of Geo-
Resources are available as free downloads 
(open access) or in printed form in English 
and German. 

The website attracts more than 300,000 
visitors per month from around 200 coun-
tries (as of 10/2019). Various reference 
books complete the spectrum. 

GeoResources offers specialists a place to 
write and reading material for reading, and 
companies an excellent platform to adver-
tise their products and services. 

To sum it up, you are welcome as a techni-
cal writer, as a reader, and/or as an adver-
tiser.

Portal for Mining, Tunnelling, Geotechnics and Equipment

Portal for Mining, Tunnelling, Geotechnics and Equipment

englisch und deutsch

Fachzeitschrift: online + print

Bergbau, Tunnelbau, 

Geotechnik, Rohstoffewww.Geo
Resour

ces.ne
t

GeoResources Verlag 

ISSN | Online 2364-8430 • Print 2364-8422   

www.georesources.net 

Journal for Resources, Mining, Tunnelling, Geotechnics and Equipment

02 | 2019

Journal

Future of miningEnvironmental protection
RadiationMicroplastic

Tunnel driveInjection automation
Settlement simulation 

Underground mining

OEL 
Shaft hoisting digital

Open pit/Australia 
Rockfall protection

WIR STABILISIEREN

www.tensar.de

TriAx DE advert_2.indd   1

14.12.2018   13:37:44

GeoResources Verlag  

ISSN | Digital 2364-0278 • Druck 2364-8414  
www.georesources.net  

 

Fachkommunikation

Hangsicherung

Geokunststoffe

Sanierung

Umweltschutz/Mikroplastik

Gabionen

Schadensanalyse Vortrieb

Schachtfördertechnik

Digitalisierung

Arbeitsplatzgrenzwerte

Emissionen

Personalführung

Zeitschrift

Fachzeitschrift für Ressourcen, Bergbau, Geotechnik, Tunnelbau und Equipment

02 | 2019
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GSE Lining Technology GmbH – A Solmax Company 

Normannenweg 28 
 
20537 Hamburg 
Germany

phone: +49 40 767 420
email: klubbe@solmax.com
internet: www.solmax.com

Hochschule für angewandte Wissenschaften Fakultät  
für Architektur und Bauingenieurwesen
Röntgenring 8 
 
97080 Würzburg 
Germany

 
phone: +171 808 56 82
email: 
internet: 

HOY Geokunststoffe GmbH 

Zum Wiesengrund 1-5 
 
1723 Kesselsdorf 
Germany

 
phone: +49 35204  701-10
email: info@hoy-geokunststoffe.de
internet: www.hoy-geokunststoffe.de

HUESKER Synthetic GmbH 

Fabrikstrasse 13-15 
 
48712 Gescher 
Germany

 
phone: +49 2542 701-0
email: info@HUESKER.de
internet: www.HUESKER.de

Industrieverband Geokunststoffe e.V. (IVG) 

Industrie Center Obernburg 
 
63784 Obernburg 
Germany

 
phone: +49 174 889 92 22
email: wagner@ivgeokunststoffe.de
internet: www.ivgeokunststoffe.de

Ingenieurbüro Geoplan GmbH 

Oderstr 2a 
 
47506 Neukirchen-Vluyn 
Germany

 
phone: +49 2845 981 70
email: geoplan@geoplan-gmbh.de
internet: www.geoplan-gmbh.de

Kiwa GmbH TBU 

Gutenbergstraße 29 
 
48268 Greven 
Germany

 
phone: +49 2571 98 72 11
email: infokiwagreven@kiwa.de
internet: www.kiwa.de

Limes GmbH 

Carnaperhof 8-10 
 
45329 Essen 
Germany

 
phone: +49 201 99 98 64-00
email: limes@limes-essen.de
internet: www.limes-essen.de
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GSE Lining Technology GmbH – A Solmax Company

Geosynthetics Solutions to protect the Environment and conserve Natural Resources

Normannenweg 28Address:

Zip, City: 20537 Hamburg

Country: Germany

phone: +49 40 767 420

email: klubbe@solmax.com

internet: www.solmax.com

Category:  manufacturer 
Branches:  mining; surface mining; abandoned mining; geothermal energy; tunnelling; geotechnics; landfill construction; hydraulic engineering; 

remediation; environment protection
Products:  sealing technique; geosynthetics; geonets (GNT); polymeric geosynthetic barriers (GBR-P); clay geosynthetic barriers (GBR-C);  

geocomposites (GCO)
Services: consulting; sealing work

About Solmax 
Solmax products are used in many markets 
and for numerous applications around the 
world. No other manufacturer offers a broader 
line of geosynthetic products to perform in 
virtually any environment. And we have the 
expertise to ensure that our products comply 
with industry and regulatory requirements. 

Waste: Solmax geomembranes are ideal 
for lining waste containment areas, such as 
landfills, that need the strongest protection 
possible to prevent leakage and groundwater 
contamination. 

Water: From canals to manmade reservoirs 
like those on golf courses, Solmax geomem-
branes provide affordable, effective protec-
tion against leakage and damage. 

Mining: Solmax manufactures an array of 
geosynthetic products for use in mining op-

erations in which preventing leakage and du-
rability is a high priority. 

Coal Ash Containment: Solmax coal ash 
containment systems provide utility compa-
nies with the highest level of protection and 
compliance possible. 

Energy: Solmax products provide solutions 
to many applications for our energy custom-
ers such as shale gas and brine, evaporation, 
and cooling ponds. 

Civil: Our geomembranes, geosynthetic clay 
liners and geotextiles help to build roadways, 
control storm water, waterproof green roofs 
and act as vapor barriers. 

Industrial: Solmax geomembranes, concrete 
protection and drainage products deliver 
sound control of on-site water storage, treat-
ment reservoirs and secondary containment. 

Visit us at: www.solmax.com.

THE LEADING 
GEOSYNTHETICS 
MANUFACTURER 
IN THE WORLD
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HUESKER Synthetic GmbH

A strong, lasting connection.

Fabrikstrasse 13-15Address:

Zip, City: 48712 Gescher

Country: Germany

phone: +49 2542 701-0

email: info@HUESKER.de

internet: www.HUESKER.com

Category:  manufacturer 
Branches:  mining; underground mining; surface mining; quarrying; repository mining; abandoned mining; tunnelling; geotechnics; special civil 

engineering; landfill construction; building foundation; hydraulic engineering; remediation; environment protection
Products:  sealing technique; geosynthetics; woven geotextiles (GTX-W); nonwoven geotextiles (GTX-NW); geogrids (GGR);  

polymeric geosynthetic barriers (GBR-P); clay geosynthetic barriers (GBR-C); geocomposites (GCO); construction material,  
construction products; rockfall protection; dewatering, groundwater control

Services: design; consulting; planning; engineering

The HUESKER Group is one of the world's 
leading manufacturers of geosynthetics 
and technical textiles. 

The HUESKER Group is headquartered in 
Gescher (Westphalia), Germany. As a glob-
ally operating company, with a headcount 
of around 500, it has ten subsidiaries and 
cooperates closely with trading and dis-
tribution partners in over 60 countries. 
HUESKER has been shaping international 
markets as a pioneer of textile weaving for 
over 150 years. 

The HUESKER Group substitutes conven-
tional massive construction with sustain-
able and intelligent solutions based on 
modern, high-performance technical tex-
tiles and composites. With its products and 

services HUESKER provides solutions in the 
areas of: 

 ▶ Earthworks and Foundations 
 ▶ Roads and Pavements 
 ▶ Environmental Engineering 
 ▶ Hydraulic Engineering 
 ▶ Mining 

as well as applications in Industry and Ag-
riculture. First-class engineering services, 
high competence in manufacturing, the 
coating as well as tailoring of technical tex-
tiles and an innovative spirit are the key to 
HUESKER´s success. 

If a project is challenging, HUESKER will 
find a solution.

Your Project in Safe Hands

www.HUESKER.com

Your success depends on excellent
results. That’s why you can rely on
our innovative solutions. Customised
to your requirements, our tried and 
tested products provide the basis for 
any earthworks or ground engineering 
project. Discover the world of geo-
synthetics. Discover HUESKER.

ANZ_EuG_eng_210x149mm.indd   1 05.11.19   12:13
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GeoResources Supplement 
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Maccaferri Deutschland GmbH 

Kurfürstendamm 226 
 
10719 Berlin 
Germany

 
phone: +49 30 88 00 79 79
email: office.de@maccaferri.com
internet: www.macaferri.com/de

Meese GmbH 

Irlenfelder Weg 49 
 
51467 Bergisch Gladbach 
Germany

 
phone: +49 2202 862 71 50
email: info@meese-ideas.de
internet: meese-ideas.de

Münster University of Applied Sciences 

IWARU 
Corrensstrasse 25 
48149 Münster 
Germany

 
phone: +49 251 83 65 200
email: heimbecher@fh-muenster.de
internet: www.fh-muenster.de

NAUE 

Gewerbestr. 2 
 
32339 Espelkamp 
Germany

 
phone: +49 5743 410
email: info@naue.com
internet: www.naue.com

Prof. Kirschke GmbH & Co. KG 

Gutenbergstraße 9 
 
76275 Ettlingen 
Germany

 
phone: +49 7243 790 71
email: prof.kirschke@t-online.de
internet: 

PROGEO Monitoring Systeme & Services GmbH & Co. KG 

Hauptstraße 2 
 
14979 Großbeeren 
Germany

 
phone: +49 33701 22-0
email: progeo@progeo.com
internet: www.progeo.com

Renesco Holding AG 

Seedorffeldstrasse 21 
 
3302 Moosseedorf 
Switzerland

 
phone: +41 31 388 74 20
email: info@renesco.com
internet: www.renesco.com

Rothfuss Best Gabion GmbH & Co. KG 

Dr.-Oetker-Str. 30 
 
54516 Wittlich 
Germany

 
phone: +49 6571 952 33-0
email: kontakt@rbg.eu
internet: www.rothfuss-bestgabion.de
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NAUE

Innovative Solutions for geotechnics

Gewerbestr. 2Address:

Zip, City: 32339 Espelkamp

Country: Germany

phone: +49 5743 410

email: info@naue.com

internet: www.naue.com

Category:  manufacturer 
Branches:  mining; surface mining; tunnelling; geotechnics; special civil engineering; landfill construction; hydraulic engineering; remediation; 

environment protection
Products:  sealing technique; geosynthetics; nonwoven geotextiles (GTX-NW); geoblanket (GBL); geogrids (GGR);  

polymeric geosynthetic barriers (GBR-P); clay geosynthetic barriers (GBR-C); geocomposites (GCO); installation equipment;  
construction material, construction products; construction material supply

Services: design; consulting; planning; engineering; reinforcement and anchoring works; sealing work

The NAUE group of companies is a special-
ist full-service geosynthetic manufacturer 
based in Germany with subsidiaries and 
offices throughout the world. Operating 
successfully since 1967, the company has 
decades of geosynthetics experience. Our 
innovations and commitment to quality 
have made us a world-wide market leader 
in the development, production and appli-
cation of geosynthetics. We provide clients 
with high-quality solutions to geotechnical 
engineering problems. 

MINING

NAUE solutions for the mining industry 
are engineered for long-term performance 
in all environments and with the chemical 

compatibility necessary to meet the eco-
nomic and environmental goals of today’s 
mining operations. 

TUNNEL 

NAUE offers complete single-source sys-
tems for tunnel construction, from manu-
facturing to installation including full qual-
ity assurance. 

NAUE’s quality management is DIN EN 
ISO 9001 certified and ensures a consistent 
quality standard. 

Furthermore, NAUE is certified by DIN EN 
ISO 14.001  (Environmental management) 
and DIN EN ISO 50.001 (Energy manage-
ment).

Geotechnics with geosynthetics

Tel     +49 5743 41-0
Fax    +49 5743 41-240
info@naue.com

NAUE GmbH & Co. KG
Gewerbestr. 2 • 32339 Espelkamp
Germany 

Innovative solutions for geotechnics
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RWTH Aachen University - Geotechnik im Bauwesen 

Mies-van-der-Rohe-Str. 1 
 
52074 Aachen 
Germany

 
phone: +49 241 80-252 48
email: mail@geotechnik.rwth-aachen.de
internet: www.geotechnik.rwth-aachen.de

TenCate Geosynthetics Austria GmbH 

Schachermayerstraße 18 
 
4021 Linz 
Austria

 
phone: +43 732 6983 0
email: service.at@tencategeo.com
internet: www.tencategeo.com

TPH Bausysteme GmbH 

Nordportbogen 8 
 
22848 Norderstedt 
Germany

 
phone: +49 40 52 90 66 78-0
email: info@tph-bausysteme.com
internet: www.tph-bausysteme.com

TU Bergakademie Freiberg, Institut für Geotechnik,  
Bodenmechanisches Laboratorium
Gustav-Zeuner-Straße 1 
 
9599 Freiberg 
Germany

 
phone: +49 3731 39 3401
email: tamas@tu-freiberg.de
internet: tu-freiberg.de

TU München - Zentrum Geotechnik 

Baumbachstraße 7 
 
81245 München 
Germany

 
phone: 
email: 
internet: www.bgu.tum.de/gb/

Universität Rostock - Professur Geotechnik & Küstenwasserbau 

Justus-von-Liebig Weg 6 
 
18059 Rostock 
Germany

 
phone: +49 381 498-37 00
email: fokke.saathoff@uni-rostock.de
internet: www.auf.uni-rostock.de/gk

URETEK Deutschland GmbH 

Weseler Str. 110 
 
45478 Mülheim an der Ruhr 
Germany

 
phone: +49 208 377 32 50
email: info@uretek.de
internet: www.uretek.de

Tensar International GmbH 

Brühler Str. 7 
 
53119 Bonn 
Germany

 
phone: +49 228 913 92-0
email: stehr@tensar.de
internet: www.tensar.de

von Witzke GmbH & Co. KG 

Joachimstr. 72 
 
45309 Essen 
Germany

 
phone: +49 201 55 90 01
email: info@vonwitzke.de
internet: www.vonwitzke.de
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Tensar International GmbH

The company you can build on

Brühler Str. 7Address:

Zip, City: 53119 Bonn

Country: Germany

phone: +49 228 913 92-0

email: info@tensar.de

internet: www.tensar.de

Category:  manufacturer 
Branches:  geotechnics; special civil engineering; building foundation
Products:  geosynthetics; rockfall protection
Services: design; planning; engineering; construction; object/strucural planning/calculation/dimensioning

Tensar International supplies geosynthe-
tic products and provides proven practi-
cal solutions for poor soil conditions 
affecting the cost of railways, roads and 
paved areas. 

The company also offers products for 
earth retaining walls and slopes, sub-
grade improvement and stabilisation, 
 foundations, reinforcement of asphalt to 
extend  pavement life, and erosion protec-
tion products for soil slopes and waterways. 

We have over 30 years’ experience in man-
ufacturing, developing and designing inno-
vative, sustainable construction solutions as 
an alternative to traditional methods. These 
high-performance solutions have been 
used in thousands of civil engineering pro-

jects across the globe, from roads, runways, 
embankments, working platforms, railways, 
ports, housing, retail and commercial devel-
opments to mining, erosion prevention and 
waste industry applications. 

In fact, wherever grade changes require 
retaining walls or slopes, weak ground 
needs stabilising or asphalt pavements 
needs reinforcing for better performance, 
Tensar International has the answer. 

Our extensive world-wide network of 
sales offices, manufacturing facilities and 
distributors offers you full support too, 
while our team of design and applications 
engineers can work with you from the out-
set to help you achieve your objectives on 
time and within budget.

Rapid increase in the load-bearing capacity of subsoils with low load-bearing capacity 

Time and cost savings due to quick and easy installation

Reduction of the base layer thickness by up to 50% 

Brühler Str. 7, 53119 Bonn, Germany
Phone: +49 228 91392-0
Fax: +49 228 91392-11
info@tensar.de   |   www.tensar.de

Tensar® TriAx® Geogrids



TenCate Geosynthetics:  
Building a Sustainable World Together

For more than 50 years, TenCate Geosynthetics has been creating, producing and selling 
geosynthetics that are environmentally friendly, improve infrastructure and preserve 
natural resources. Our day-to-day goal ist to innovate, always improve the products‘ 
performance while minimising our carbon footprint. 
 

Ask for the expertise from a market leader with well-established brands, contact us.

PAVEMENT 
SOLUTIONS

WOVEN 
GEOTEXTILES

GEOGRIDS NONWOVEN 
GEOTEXTILES

TENCATE GEOSYNTHETICS
DE: +49 (0) 911 34 754 123, service.de@tencategeo.com, www.tencategeo.de              
AT: +43 (0) 732 698 30, service.at@tencategeo.com, www.tencategeo.at
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