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SAVERNE: HIGH SPEED UNDER THE VOSGES.

The new high-speed railway link between Strasbourg and Paris is being rapidly extended. The
"Tunnel de Saverne” is currently under construction on the 106 kilometer long section between
Vendenheim just outside of Strasbourg and Baudrecourt in Lorraine. The most complex part
of the project passes under the narrowest section of the Vosges and will reduce travel time
between Alsace and the French capital by 30 minutes. A Herrenknecht TBM is paving the way
for TGVs so they can reach speeds of up to 320 kilometers per hour in the future. The convertible
Earth Pressure Balance Open Mode Shield broke through the first of two almost 4 kilometer
long tunnels, on June 19, 2012 - two months ahead of schedule. The second tube of the
“Tunnel de Saverne” will be completed by April 2013. Covering up to 46 meters a day, the
high-tech machine “Charlotte” is well on the way to achieving this goal.
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The Robbins Company

60 Years of Tunnelling

In June 2012 the Robbins Com-
pany celebrated at the NAT 2012
(North American Tunnelling
Conference) in Indianapolis, Indi-
ana/USA 60 years of Tunnelling.
Taking this chance, Lok Home
found time for an interview with
your tunnel magazine editor in
chief Roland Herr.

In 1952, James S. Robbins was
working in the mining industry
when he came up with a plan to
make excavations more efficient.
That product, the modern tunnel
boring machine, revolutionized
tunnelling, and 60 years later The
Robbins Company is still going
strong.

The earliest Robbins TBMs
successfully utilized picks and
discs to excavate relatively soft

shale at South Dakota's Oahe
Dam project (Fig. 1). Four years
later, Robbins began mounting
his TBMs with solely disc cut-
ters to excavate harder ground.
Canada’s Humber River Sewer
Tunnel was the first tunnel bo-
red using discs alone, a design
that today is used for all hard
rock TBMs. “A lot of people had
tried boring rock up until this
time, but no machines had
worked. No one could solve
that problem - until Dad did,”
said Dick Robbins of his father
James (Fig. 2).

Upon the unexpected pas-
sing of his father, Dick Robbins
would go on to serve as Robbins’
president from 1958 until 1994,
designing along the way the pre-
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In 1952, James S. Robbins developed the first modern tunnel boring machine
for the Oahe Dam Project in South Dakota, USA

cursor to all Earth Pressure Balan-
ce and Slurry TBMs at the Paris
RER Metroin 1964 (Fig.3),and the
first Double Shield TBM in 1972.
That first Double Shield machine
successfully excavated broken
ground while simultaneously li-
ning the tunnel with segments
to maintain a fast advance rate
(Fig.4). Other notable inventions
included custom-built machines
for mining applications, such as
the non-circular Mobile Miner,
and raise boring machines.
Today, The Robbins Company
is an international developer and
manufacturer of a wide range of
tunnelling products, from small
trenchless boring machines to
mega-sized TBMs to continuous
conveyors for mining applica-

tions.”"When | started at Robbins
in 1968, there were 27 people
and we considered ourselves
TBM suppliers - nothing but the
TBM. Today, we consider oursel-
ves tunnel systems suppliers.
We make everything from the
cutters at the face to the stacker
conveyors at the back;"said Rob-
bins'current president Lok Home
(Fig. 5).

Robbins is continuing its
tradition of innovation with a
range of new developments,
from EPB-specific disc cutters
for mixed ground, to specia-
lized ground support, to a new
method of TBM assembly. The
Onsite First Time Assembly
(OFTA) method was first de-
veloped at the Niagara Tunnel
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James S. Robbins stands in front
of an early TBM excavation face
showing kerf cutting

In 1964, The Robbins Company
developed the precursor to all
modern EPB and Slurry TBMs for
the Paris RER Metro

Project in 2006 (Fig. 6), where
it enabled the swift assembly
of the world’s largest hard rock
TBM (14.4 m/47.2 ft). OFTA has
since been used on projects
around the world, offering
time and cost savings through
initial assembly of the TBM at
the jobsite, rather than in a ma-
nufacturing facility.

In June 2012, Robbins celeb-
rated its landmark 60™ anniversa-
ry with an event following the
North American Tunneling (NAT)
Conference in Indianapolis, In-
diana, USA. Both Lok Home and
Dick Robbins spoke at the well-
attended gala, whichincluded a
historical display of Robbins ar-

The epic Channel Tunnel exca-

vation utilized multiple Robbins
EPB and Double Shield TBMs to
bore below the English Channel

tifacts and memorabilia through
the years (Fig. 7).

For more information on
Robbins’storied past and bright
future, visit www.TheRobbins-
Company.com

Robbins developed its successful
Onsite First Time Assembly
(OFTA) method for the Niagara
Tunnel Project in 2006

Dave Leipham, retired Robbins
Field Service Superintendent,
inspects a cutterhead in Norway,
circa 1980s

Dick Robbins (1) and Lok Home speak at the Robbins 60™ anniversary
event, held following the NAT Conference in June 2012



Interview Lok Home and Roland Herr

Lok, you're marking a very
special jubilee. What were
the highlights along the
way?

The highlights along the way
were for me are the transition
from the mining community
into the mechanical boring of
rock, which was a very interes-
ting transition. It started out in
raise-boring with Robbins and
then went into hard rock tun-
nelling. More recently it's been
achievements in EPB and the
big challenge ahead in making
machines for tunnels more cost
effectively for the world. I just
see it as a big challenge out in
front of us.

How many years have you
actually been involved in

all this?

It's easy to count: you just take
my age and subtract 22 years
- 50 it's now been 46 years. ..

...making it easy to work out
just how old you are now!
Which project posed the
greatest challenge during
this time?

There are quite a few difficu-
It ones, for instance the big
sewer tunnel in Hong Kong. It
was challenging from a machi-
ne standpoint as well as from
a political standpoint. The con-
tractor had to leave the project.
There were machine problems.
The machines weren't very well
equipped for the project. That
was challenging. Recent projects
that were also challenging was
the Olmos Trans-Andean Tunnel
in Peru — and more recently the
AMRTunnel in India. It seems like
you finish a project and then you
are foolish enough to step into
one that is even more difficult.
So it seems to get more difficult
the more experienced and bra-
ver you become. But it's been a
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really great learning experience
forthe industry and I think there's
always going to be new challen-
ges out there.

Which project would you like
to accomplish? And why?
Regarding new projects, | was
disappointed we didn't get the
SR 99 Project in Seattle. Seattle
is the old home town of Robbins
and it presented a lot of challen-
ges: difficult geology, big diame-
ters in a city and it would take
a lot of coordination between
the machine supplier, the con-
tractor, the owner, the geotech
- we had a good team there so
we wanted to be involved. We
are involved, we supplied the
cutters. But | was a bit disap-
pointed so I'm looking for ano-
ther one like SR 99, which has all
the complexities of difficult job
conditions and also a good team
surrounding good consultants,

good contractors. — I'm looking
for that challenge.

Which technical develop-
ments can be expected in the
years ahead?

Well, | think we can do a lot
with imaging. To use imaging
to get a better advance rate. By
imaging | mean we do a lot of
good geological predictions. The
geology done today is | would
say excellent. The machines of
today are equipped with all sorts
of computers and centering sys-
tems — and we've got to marry
that to get better results. That's
what | see as one of the big steps
forward.

We'll see some changes in
design in uniting combinations
of hard rock and NATM and EPB
technologies so that our machi-
nes will become more sophistica-
ted; we're seeing these changes
with more effective dual mode
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machines. Those are the changes
that I see as far as tunnelling is
concerned and | also see some
changes in lining techniques. |
think we have stayed too long
on segmental lining, which is
a little bit crude in some ways.
Certainly the segments are much
better, they build them better,
the coating has improved...but
| think we have to take a more
holistic approach to lining the
tunnel, to excavating the tunnel
not just building segments and
building machines to erect the
segments. You've got to take a
look at lining and machines in
another way.

In which countries are the
next interesting projects
awaiting you?

There's going to be interesting
projects awaiting us under the
surface of the earth in just about
every country. Of course Europe

is a bit tough for us in terms of
entry with the European norms
and strong competition. We're
looking at South America, we've
just signed up a big contract in
Brazil. We're well established in
China, we're well established
in India and we have to keep
working in these countries. We
will be focusing worldwide but
mainly in those markets.

What value do you place on
service and advising your
partners?

It's a two-way street when you
are putting in a tunnel. You have
to provide good service and
service means the whole chain.
You have to be responsible for a
good proposal to the contractor.
To get the order we have to deli-
ver on time — sometimes we had
problems with that because of
the growth in the industry. And
when you get that you just take
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your most experienced guys and
get them into the most difficu-
It projects and the contractors
are not always as experienced as
we are — so we can help them.
| mean, we've been on 500 pro-
jects, or maybe a 1,000 projects
—and a good contractor’s been
on 20 or 30 - so obviously we
can bring something to the ta-
ble with this experience. That's
the true definition of service. So
that's what we try to do: from
the time he asks you about the
tunnel, what you recommend,
to the time you bore the last
metre. That's total service in the
industry.

How do you assess your per-

sonal strengths in tunnelling?
My personal strength is my ex-
perience. The longer I've been
in this business the more | un-
derstand I don't know enough of
what I should know! And [ under-

stand the longer I've stayed in
this business I've become more
interested on passing on the
knowledge so I'm more invol-
ved in ITA and in ITA-TEC and
I'm more involved in UCA. And
so I'm personally trying to pass
on some of the knowledge and
I'm trying to do it through the
company — passing on expe-
rience personally and through
the company to the industry.

One thing is for sure, you can't
buy knowledge: knowledge is
acquired through experiencel!

If you could have a wish
granted to you what would
be your heart’s desire con-
cerning tunnelling?

You know, | have a tough time
answering this question, for all
my aspirations have come true
and I've surpassed my aspira-
tions. I guess what | would like
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to see is a little more coopera-
tionin the international market
between the manufacturers
and the contractors although
the relationship is fairly good.
I guess | really don't have a big
wish and I'm just looking for-
ward to the next big challenge
coming up.

What impresses you most in
tunnelling?

| guess now what impresses
me most is coming together.
If | look back 20 years ago, |
didn't have the same sense of
feeling of the teams working
together. By the teams | mean
starting with the owners, the
contractors, the consultants
and the TBM suppliers — they
seem to be working together
better. We exchange ideas
more freely. We're still ready
to take on big challenges and
that impresses me. To take on
a project say like AMRin India
or to take on a project like TEO
(Tunel Emisor Oriente) down
in Mexico City — that's a real
big challenge. Putting it under-

ground, having the government
finance it, getting the contrac-
tors to agree to build it and us
to build the machines and not
knowing what's going to come
out of this thing in terms of cost
and technicalities. It's nice to see
when somebody steps up to say
we're going to do it whether it's
the mayor of Mexico City, the
mayor of Seattle or the irrigation
minister in India. Just to do that
and we all have to get it done.
I guess I've a lot of respect for
politicians as well.

You have turned Robbins into
one of the major manufactu-
rers of tunnelling machines.
Which developments within
the company do you think
contributed the most towards
this?

Well, Robbins has always been
a great company mainly due to
Dick Robbins. He was more of a
technical inventor and a tech-
nical manager than | was. He
was a business manager, had a
little more business bravado. |
think one of the things that has
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made Robbins grow in the past
10 to 15 years is we haven't had
such good competition. We've
got competition but not a lot of
competition. You can only go so
fast. You can only hire so many
engineers and give them the ex-
perience. So you have to respect
growth, you can't grow too fast
oryou run into trouble. You have
to respect it. You have to mature.
Your group has to mature. Your
business has to mature. To un-
derstand the growth pattern and
how to implement, | guess that's
the reason for the success.

Direct on-site assembly of
your tunnelling machines has
pros and cons. Can you qua-
lify them and the methods
you employ, which differ from
those used by other manuf-
acturers?

Of course we're not sold on it.
We'd be happy and in fact are
happy to erect a machine, test it
andturn it overif that's the desire
of our client and our customer.
We're certainly capable of doing
itand add the cost of doing it to

the project and that's ok. But
| see in our industry we have
to reduce the cost. We have an
obligation to reduce the cost.
We have an obligation to in-
crease our productivity. And
this is one way of increasing
our productivity by improving
our quality control to the state
that we do not have to worry
whether this partisn't going to
fit to the next part. This is the
age of computers with very
good sophisticated tracking
and monitoring and quality
control systems. We can send
a man to the moon, we can
put together capsules in space
SO we can surely put together
a tunnel boring machine for
the first time underground
and anyone who thinks they
can't should better start to
rethink their game because
the industry’s changing and
it's changing pretty fast. (@

Lok, thanks a lot for this
interview!
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Rastatter Tunnel finanziert

Der dringend notwendige
Ausbau der Rheintalbahn geht
weiter voran. Das Bundesmi-
nisterium fir Verkehr, Bau und
Stadtentwicklung und die
Deutsche Bahn AG haben die
Finanzierungsvereinbarung
Uber 693 Mio. EUR zum Bau
des 16 km langen Abschnitts
stidlich von Karlsruhe ein-
schlie8lich des Rastatter Tunnel
geschlossen (24. August 2012).
Die Rheintalbahn ist eine der
meist befahrenen Schienen-
strecken Deutschlands; sie
wird als Hauptachse flr Giter-
verkehre zwischen den Contai-
nerhafen im Norden sowie der
Schweiz und Italien im Siiden
viergleisig ausgebaut und fur
eine Geschwindigkeit von bis
zu 250 km/h ausgelegt.

Die Finanzierungsvereinba-
rung betrifft im Wesentlichen
den Bau einer etwa 10 km lan-
gen zweigleisigen Neubaustre-
cke ab Bahaide siidlich Karlsruhe.
Daran schlief3t sich der 4,27 km
lange Tunnel mit zwei einglei-
sigen Rohren unter der Stadt
Rastatt und dem Fluss Murg an.
Nach Unterquerung der Bun-
desautobahn A5 miindet die
Neubaustrecke in die bereits
seit 2001 in Betrieb befindliche
Schnellfahrstrecke zwischen
Rastatt Stid und Offenburg. Die

Neubaustrecke wird parallel
zur Bundesstral3e B36 neu ge-
baut. Das Baurecht fiir diesen
Abschnitt besteht bereits seit
1998. Die damit verbundene
Verlegung der B36 war bereits
2007 abgeschlossen worden.
Die beiden Tunnelréhren
mit je nach Geldndeverlauf 3
bis 20 m Uberdeckung verlau-
fen liberwiegend in Sanden
und Kiesen, Ablagerungen des
benachbarten Rheins, und im
Grundwasser, was auf weiten
Strecken den Einsatz von Tun-
nelvortriebsmaschinen (TVM)
erfordert, und zwar 2 fur die
zeitversetzten Vortriebe in
Nord-Sidrichtung. Man rech-
net mit einer Bauzeit von 6 Jah-
ren. Die beiden Tunnelréhren
erhalten eine Feste Fahrbahn,
kénnen also mit Rettungsfahr-
zeugen befahren werden, und
werden durch Querstollen im
Abstand von 500 m miteinan-
der verbunden. Zum Schutz vor
den Larmemissionen aus dem
Zugverkehr werden an den
Tunnelportalen Sonic-Boom-
Bauwerke (wie beim Katzen-
bergtunnel) angeordnet, um
die bei den Tunneleinfahrten
und -ausfahrten schneller Ziige
entstehenden Gerausche zu

dampfen. G.B.
O]

Germany

Financing of Rastatt Tunnel

The urgently needed upgrading
of the Rhine Valley rail route is
forging ahead. The Federal Mi-
nistry for Transport, Building
and Urban Development and
the Deutsche Bahn AG have
reached agreement on finan-
cing the construction of the
16 km long line to the south of
Karlsruhe including the Rastatt
Tunnel (August 24, 2012) for 693
million euros. The Rhine Valley
route is one of the busiest rail
lines in Germany. As the main
axis for goods traffic between
the container ports in the north
and Switzerland and Italy in the
south, it is being developed for
4 tracks and to cope with speeds
of up to 250 km/h.

The financial agreement lar-
gely relates to the building of a
roughly 10 km long 2-track new
route from Bahalde to the south
of Karlsruhe. This links up with
the 4.27 km long tunnel with 2
single-track bores beneath the
town of Rastatt and the River
Murg. After underpassing the
A5 federal motorway the new
line joins up with the high-speed
route between Rastatt South and

Offenburg, which has been in
service since 2001. The new rail
route will be built alongside the
B36 federal highway. The rights
for building this section have
existed since 1998. It was deci-
ded to relocate the B36 as part
of this scheme in 2007.

The 2 tunnel bores possess
overburden ranging from 3 to
20 m depending on the terrain.
They mainly run through sands
and gravels, deposits from the
nearby Rhine and in groundwa-
ter, something necessitating the
application of TBMs over lengthy
sections for the 2 time-delayed
drives in a north-south direction.
6 years have been earmarked for
construction. The 2 tunnel bores
will be provided with a solid slab
track so that rescue vehicles will
be able to use them —and will be
linked by cross-passages set 500
m apart. Sonic boom structures
will be set up at the tunnel por-
tals (as in the case of the Katzen-
berg Tunnel) to suppress noise
caused by fast trains entering
GB.

O

and leaving the tunnel.
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Deutschland

NBS Ebensfeld-Erfurt:
Tunnelbauwerke, Stand August 2012

Nach Ausfiihrung des derzeit
gréf3ten Infrastrukturpro-
gramms der Bundesrepublik
Deutschlands, des Verkehrspro-
jekts Deutsche Einheit (VDE) Nr.
8, kann man mit der Bahn in
weniger als vier Stunden von
Minchen nach Berlin fahren,
wodurch die Fahrzeit halbiert
wird. Diese tiber 670 km lange
Eisenbahn-Verbindung ist Be-
standteil des Transeuropdischen
Netzes (TEN) der Europdischen
Union (EU). 2006 gingen bereits
die Abschnitte Nlrnberg-Min-
chen und Halle/Leipzig-Berlin
mit entsprechenden Fahrzeit-
verkiirzungen und Leistungs-
steigerungen in Betrieb. Uber
10 Mrd. EUR werden in dieses
GroRprojekt investiert, u.a.auch
mit Beteiligung der EU.

NBS Ebensfeld-Erfurt
Fiir die Gber 220 km lange
Neubaustrecke (NBS) vom fran-
kischen Ebensfeld tber Erfurt bis
in den Grof3raum Leipzig/Halle/
Saale), Bestandteil des VDE 8, ist
eine abschnittsweise Inbetrieb-
nahme vorgesehen, und zwar
® Erfurt-Leipzig/Halle (VDE 8.2)
2015 und
® Ebensfeld-Erfurt (VDE 8.1)
2017.

Die Ausbaugeschwindigkeit
betragt 300 km/h. Insgesamt
missen 27 Tunnelbauwerke
(rd. 64 km) mit 300 bis 8.300 m
Lange gebaut werden - lber-
wiegend im Sprengvortrieb
(Spritzbetonbauweise) oder
offener Bauweise, mit zwei-
gleisiger Tunnelrohre zwischen
Ebensfeld und Erfurt sowie zwei
parallelen, eingleisigen Tunneln
zwischen Erfurt und Leipzig/
Halle mit Querschlagen.

Die letzten Tunnel sind vor
kurzem durchschlagen (Tab. 1);
der Fertigungsstand der Tun-
nelbauwerke zeigt den Baufort-
schritt des GroBprojektes VDE
8.1 (Tab. 2). Die Tunnel werden
noch mit Fester Fahrbahn und
Oberleitungsanlagen ausgerds-
tet. Die Bauarbeiten laufen im
Plan. Die Inbetriebnahme der
neuen Strecke ist fiir 2017 vor-
gesehen, nordlich von Leipzig
bereits 2015. G.B.

O)
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New Ebensfeld-Erfurt Rail Route:
Tunnels, as of August 2012

After the completion of the cur-
rently largest infrastructure pro-
gramme in the Federal Republic
of Germany, the German Unity
Transport (VDE) Project No. 8, it
will be possible to travel by train
in less than 4 hours from Munich
to Berlin. This cuts the travelling
time in half. This more than 670
km long rail link represents part
of the Trans-European Network
(TEN) of the European Union
(EV). The Nuremberg-Munich
and Halle/Leipzig-Berlin sections

Tabelle 1: Letzte Tunneldurchschldge (VDE 8.1)
Table 1: Last Tunnel Breakthroughs (VDE 8.1)

29.08.2011 Eierberge 3.756 m
29.11.2011 Silberberg 7391 m
04.12.2011 Lichtenholz 93Tm
04.12.2011 Kulch 1331 m
06.03.2012 Fleckberg 1.490 m
18.04.2012 Rennberg 1.073m
21.06.2012 Fillbach 1113 m
03.08.2012 Hohnberg 824m

Tabelle 2: Stand der Tunnelarbeiten Ende August 2012 (VDE 8.1)

Table 2: Stage reached by Tunnelling late-August 2012 (VDE 8.1)

Tunnelanzahl / Léange [m]/
0, 0,
No. of tunnels %] Length [m] %]
Durchschlagen /
Breakthroughs 20 5830 10
Rohbau fertig /
Completed roughwork 44 31.070 =
Innenschale / 36 19.600 35
Inner shell
100 56.500 100
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went into service back in 2006
resulting in corresponding cuts
in travelling times and improve-
ments in services. More than 10
billion euros has been invested
in this major scheme, which also
involves EU participation.

New Ebensfeld-Erfurt

Route

The more than 220 km long, new

rail route from Ebensfeld in Fran-

conia via Erfurt to the Leipzig/

Halle (Saale) conurbation, part of

the VDE 8, will be commissioned

in sections namely

e Erfurt-Leipzig/Halle (VDE 8.2)
in 2015 and

® Ebensfeld-Erfurt (VDE 8.1) in
2017.

The route is designed for speeds
of up to 300 km/h. Altogether 27
tunnels (roughly 64 km) varying
from 300 to 8,300 m in length
had to be produced - largely
employing drill+blast (shotcre-
ting method) or via cut-and-co-
ver, with twin-track tunnel bores
between Ebensfeld and Erfurt
as well as 2 parallel, single-track
tunnels between Erfurt and Leip-

zig/Halle with cross-passages.
The last tunnels were broken
through recently (Table 1); the le-
vel of completion of the tunnels
indicates the amount of progress
accomplished on the major VDE
8.1 project (Table 2). The tunnels
still have to be provided with
solid slab tracks and overhead
lines.Workis up to schedule. Itis
intended to open the new route
in 2017 with the section to the
north of Leipzig being commis-
sioned earlier - in 2015. GB.
O)
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Stuttgart 21 und NBS Wendlingen-

Ulm

Der Stuttgarter Kopfbahnhof
wird zu einem um 90° ge-
drehten und tiefer gelegten
Durchgangsbahnhof umge-
baut, und zwar kiinftig mit 8
Gleisen an 4 je 420 m langen
Mittelbahnsteigen, wobei die
neuen Gleise in etwa 11 m Tie-
fe liegen. Der Bahnhof wird in
alle Richtungen an das regio-
nale und Uberregionale Schie-
nennetz iber 4 Zufahrtsgleise
je Bahnhofskopf angeschlos-
sen. Die Bauarbeiten fiir den
Tiefbahnhof Stuttgart, unter
anderem die Zufahrtstunnel
zum Bahnhof am Nord- und
Sudkopf in offener Bauweise,
sind bereits vergeben (300 Mio.
EUR). Zum Projekt gehoren 9
Tunnel mit 30 km Lange bzw. 55
km Rohrenlange; dazu gehdren
im Norden die Tunnelbauwerke
Bad Cannstadt (3,8 km) und

Feuerbach (3,2 km), sowie im
Suden als langster Tunnel der
9.468 m lange Fildertunnel. Die
Tunnel haben liberwiegend 2
eingleisige Rohren, die durch
Querschldage miteinander ver-
bunden werden. Die Rohbau-
arbeiten fir die Tunnel wurden
inzwischen zu 90 % vergeben;
die Inbetriebnahme ist 2020
geplant. - Zur im Siiden an-
schlieBenden 60 km langen
NBS Wendlingen-Ulm gehoren
3 Tunnel mit je 2 eingleisigen
R6hren und 27,3 km Gesamt-
lange bzw. 54,6 km Rohrenlan-
ge bei Einzelldngen zwischen
59und 13,5 km Lange. G.B.

O]

Nachrichten INES

Germany

Stuttgart 21 and new Wendlingen-

Ulm Rail Line

The Stuttgart terminus station
is being modified to form a
through station after being tur-
ned by 90° and laid deeper. In
future it will possess 8 tracks and
four420 mlong central platforms
— with all the new tracks set ata
depth of some 11 m.The station
will be linked in all directions to
the regional and supraregional
rail networks via 4 access tracks
at both ends. The construction
work for the Stuttgart deep-ly-
ing station, including the access
tunnels at the north and south
ends produced by cut-and-cover,
has already been commissioned
(300 million euros). The project
involves 9 tunnels totalling 30

Literatur/References

Tunnel 7/2009, pp. 12 - 24

[1] Azer, H.; Engel, B.: Stuttgart 21 und NBS Wendlingen-UIm.

[2] Ausnahmegenehmigung fiir Fildertunnel. Tunnel 7/2010, p. 15

km in length with 55 km having
to be bored. This includes the
Bad Cannstadt (3.8 km) and Feu-
erbach (3.2 km) tunnels in the
north as well as the 9,468 m long
Filder Tunnel in the south — ma-
king it the longest structure. The
tunnels largely possess 2 single-
track bores, linked to each other
by cross-passages. 90% of the
roughwork operations for the
tunnels has been awarded. The
project is due to be completed in
2020.The 60 km long new Wend-
lingen-Ulm rail line, which con-
nects towards the south has 3
tunnels with 2 single-track bores
- with a total length of 27.3km
and 54.6 km bored length with
individual lengths ranging from
59to 13.5km. GB.

O
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Schweiz

Gotthard-Basistunnel ohne

Porta Alpina

Auf den Bau einer Bahnhalte-
stelle im Gotthard-Basistunnel
unterhalb von Sedrun wird
vorlaufig verzichtet. Die Multi-
funktionsstelle Sedrun, wo sich
eine Nothaltestelle mit klimati-
sierten Rdumen fiir den Ereig-
nisfall befindet, sollte nach dem
Projekt Porta Alpina von 2005
zu einer Haltestelle flr Perso-
nenziige und damit zur besse-
ren Entwicklung des Raumes
Oberalp-Gotthard als Touris-
tenregion ausgebaut werden
— fur die Reisenden zugdngig
durch einen Aufzug in einem
800 m tiefen Schacht. Dafir
waren 50 Mio. CHF (41,7 Mio.
EUR) veranschlagt. Der Bundes-
rat beschloss im Jahr 2005 die
Mitfinanzierung der Vorinves-
titionen mit hochstens 7,5 Mio.
CHF und im Mai 2007, tGber die
Hauptinvestitionen erst nach
Klarung offener Fragen zum
Betrieb zu entscheiden.
Baubeginn war der 23. Ok-
tober 2006 und inzwischen ist
der Ausbruch der 4 Wartehallen
im Berg abgeschlossen; bisher
entstanden Kosten in Hohe von
15,8 Mio. CH (rd.13 Mio. EUR).
Inzwischen hatten die
Schweizerischen Bundes-
bahnen (SBB) nachgewiesen,
dass ein minimales Angebots-
konzept den Betrieb auf der
Transitlinie nicht einschrankt,

jedoch die Kapazitdtsreserven
fir den Guterverkehr verringern
wirde. Ein solches Angebot
ware nicht wirtschaftlich und
musste von der Tragerschaft
der Porta Alpina mit jahrlich
9 Mio. CHF (7,5 Mio. EUR) un-
terstltzt werden. Angesichts
dieser Ausgangslage und der
Tatsache, dass keine genehmi-
gungsreife Planung vorliegt,
hat der Kanton Graubiinden
das bestehende Projekt be-
reits friher abgelehnt. Der
Bundesrat hat nun aufgrund
des angeordneten Gutachtens
auf die Porta Alpina verzichtet.
Ohne gesicherte Beteiligung
des Bundes sind die finanziel-
len Risiken fiir die Trdgerschaft
Porta Alpina zu hoch — deshalb
der Verzicht.

In der Multifunktionsstelle
Sedrun dient der Aufzug im
Schacht | nur dem Wartungs-
personals und der Klimatisie-
rung; Reisende aus dem Zug
eines Ereignisfalls werden
dagegen schienengebunden
aus dem Basistunnel befordert.

G.B.
@

Nachrichten News
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Switzerland

Gotthard Base Tunnel without

Porta Alpina

For the time being no station
will be built below Sedrun in
the Gotthard Base Tunnel. The
Sedrun Multi-Function Station,
where an emergency halt with
air-conditioned premises is lo-
cated for emergency purposes,
was to have been expanded in
accordance with the Porta Alpi-
na project in 2005 to provide a
passenger station and in turn
improve the Oberalp-Gotthard
area for tourism — made acces-
sible for travellers thanks to a lift
in an 800 m deep shaft. A sum
of 50 million CHF (41.7 million
euros) was earmarked for this
purpose. In 2007, the Federal
Council decided to provide at
the most 7.5 million CHF towards
the prior investment costs and to
decide on the main investments
in May 2007 once unresolved is-
sues were clarified.

Work commenced on Octo-
ber 23, 2006 and in the interim
the 4 waiting halls in the rock
have been excavated so far in-
volving costs of 15.8 million CHF
(some 13 million euros).

In the meantime the Swiss Fe-
deral Railways (SBB) have shown

that the provision of minimum
services does not restrict traffic
on the transit line although this
would reduce capacity reserves
for goods traffic. This kind of set-
up would not be economically
viable and would have to be
supported to the tune of 9 mil-
lion CHF (7.5 million euros) per
year by the Porta Alpina funding
body. In view of this situation
and the fact that no planning
approval had been granted, the
Canton of Graubuinden rejected
the existing project at an earlier
stage. The Federal Council has
now decided to do without the
Porta Alpina after scrutinising
the requested report. Without
assurance of support by the
state the Porta Alpina funding
body finds the financial risks
too great — thus leading to the
project being shelved.

The liftin Shaft | of the Sedrun
Multi-Function Station now only
serves service staff and air-con-
ditioning; in the event of an in-
cident train passengers for their
part are removed from the Base

Tunnel by rail. GB.
O)

Literatur/References

12/2011, p. 25, 44-45

[1] Porta Alpina: Unterirdischer Bahnhof in Sedrun. Tunnel 1/2006, p.8
[2] Ausriistung von Multifunktionsstellen und Nebenbauwerken. Alp-
Transit Gotthard. Neue Verkehrswege durch das Herz der Schweiz.
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Zweite Rohre fiir den Gotthard-

StraBentunnel

Nach sorgfaltiger Priifung ist der
Bundesrat zum Schluss gekom-
men, dass der Bau einer zweiten
Tunnelréhre fir den aufgrund
seines Alters umfassend zu sanie-
renden Gotthard-Stral3entunnel
mit anschlieBender Sanierung
des bestehenden Tunnels - je-
doch ohne Kapazitatserweite-
rung — die sinnvollste Losung
ist, um die Sicherheit und Ver-
flgbarkeit der Gotthard-Route
zu erhéhen. Der Bau einer zwei-
ten Réhre mit anschlielender
Sanierung des bestehenden
Tunnels - einschlieBlich deren
Betriebstauglichkeit wahrend
des Baus der zweiten Rohre -
wird insgesamt rd. 2,8 Mrd. CHF
(rd. 2,3 Mrd. EUR) kosten.

Mit der Inbetriebnahme
der zweiten Tunnelréhre kann
im gunstigsten Fall etwa im
Jahr 2027 gerechnet werden,
denn Einspriiche kénnen zu
Verzégerungen fiihren. Die
anschlieBende Sanierung des
bestehenden Tunnels dauert
etwa 2,5 Jahre. Sobald beide
Tunnel in Betrieb sind, gibt es

in jeder Rohre eine Fahrspur und
einen Pannenstreifen, so dass
der normale Unterhalt kiinftig
ohne Sperrnachte gewahrleistet
werden kann. Auch die spater
einmal notwendige Sanierung
des Tunnels wird dann mit
weniger Verkehrsbeeintrachti-
gungen mdglich sein.

Auch bei zwei verfiigbaren
Tunnelréhren wird je Richtung
stets nur eine Fahrspur in Be-
trieb sein; die andere dient als
Pannenstreifen. Damit ist si-
chergestellt, dass die Kapazitat
des alpenquerenden Verkehrs
nicht erhdht und der Alpen-
schutzartikel in der Bundes-
verfassung nicht verletzt wird.
Der Bundesrat will deshalb die
Beschrankung der Fahrspuren
gesetzlich verankern. G.B.

Nachrichten NENS

Switzerland

Second Bore for Gotthard Road

Tunnel

After careful scrutiny, the Federal
Council has reached the conclusi-
on that the building of a second
tunnel bore for the Gotthard Road
Tunnel, which requires extensive
redevelopment on account of its
age, would be the most sensible
solution to secure the safety and
availability of the Gotthard route.
This would also involve develo-
ping the existing tunnel — without
increasing the overall capacity. The
production of a second bore fol-
lowed by the renovation of the
existing one — including keeping
it operational during the construc-
tion of the second bore — will cost
a total of around 2.8 billion CHF
(some 2.3 billion euros).

The second tunnel bore will
be opened at the earliestin 2027
for objections could lead to de-
lays. The subsequent renovation

Literatur/References

Tunnel 7/2008, p. 4

Tunnel 2/2011, pp. 53-55

[1] Gotthard-StraBentunnel: Sanierung friher notwendig,.

[2] Die Sanierung des Gotthard-StraBentunnels steht an.
Tunnel 3/2010, p. 6 und 7/2008, p. 4
[3] Mayer, C.M.: Sanierungsvarianten fiir den Gotthard-StraBentunnel.

of the existing tunnel will take
some two and a half years. As
soon as both tunnels are opera-
tional, each bore will possess a
trafficlane and a breakdown lane
so that normal maintenance can
then be assured without closures
during the hours of night. Traffic
will also be less affected in future
when the tunnel is subjected to
essential maintenance work.
Evenwhen 2 tunnel bores are
available only 1 lane will be at
the disposal of vehicles in one
direction, with the other serving
as a breakdown lane. In this way
it will be ensured that the capa-
city of traffic passing through
the Alps is not increased so that
the article protecting the Alps
anchored in the Federal Consti-
tution is not violated. As a con-
sequence, the Federal Council
intends making the restriction
applying to the traffic lanes le-

gally binding. GB.
O)

Entladeeinheit

Rolling Stock Palomino

Mbrtelverpresswagen

Kabelverlegewagen

Maschinen &=

Stahlbau "”L\-l;

= Dresden

Niederlassung der Herrenknecht AG

Der Spezialist fir Thren

Rolling Stock

Besuchen Sie uns fiir weitere Losungen
unter www.msd-dresden.de




12

Tunnelbau in
Deutschland:
Statistik (2011/2012),
Analyse und Ausblick

Seit nahezu 35 Jahren fiihrt die STUVA eine
Statistik zum Tunnelbau in Deutschland. Anlass
hierzu war und ist eine entsprechende Anre-
gung der International Tunnelling and Under-
ground Space Association [1].

1 Statistik der im Bau
befindlichen Tunnel
2011/12

Wie in den Vorjahren hat die
STUVA auch fir den Jahres-
wechsel 2011/12 eine Umfrage
zu den laufenden Tunnelbau-
vorhaben in Deutschland
durchgefiihrt. Das Ergebnis ist
flr den Stichmonat Dezember
2011 tabellarisch zusammen-
gestellt und nachfolgend be-
wertet. Es handelt sich dabei
um eine Fortschreibung der
flr 1978 [2] bis 2011 [3] ver-
offentlichten Tabellen. Erfasst
wurden nur solche Tunnel-
und Kanalbauwerke, die einen
begehbaren oder bekriech-
baren Ausbruchquerschnitt,
d.h. einen lichten Mindest-
durchmesser von 1000 mm
bzw. unter Einbeziehung der
Rohrwandung mindestens ei-
nen Ausbruchquerschnitt von
etwa 1 m? aufweisen. Unbe-
ricksichtigt blieben dagegen
- wie in den Vorjahren - gra-
benlose Kleinvortriebe, die
im Zusammenhang mit dem
Sammlerbau, den zugeho-
rigen Hausanschlissen oder
auch bei Unterpressungen
von Bahn- und Stral3enanla-
gen zur Anwendung gelan-
gen.

Deutschland Germany

Tunnel 8/2012

Tunnelling in

Germany:

Statistics (2011/2012),
Analysis and Outlook

For almost 35 years, the STUVA, in line with a
corresponding proposal put forward by the
International Tunnelling and Underground
Space Association, has compiled statistics on
tunnelling activities in Germany [1].

Prof. Dr.-Ing. Alfred Haack; Dipl.-Bibl. Martin Schifer,
STUVA - Studiengesellschaft fuir unterirdische Verkehrsanlagen e.V., K6In/D

Die Tabellen der zum Jahres-
wechsel 2011/12 im Bau be-
findlichen Tunnelprojekte sind
aufgrund lhres Umfangs nicht
im Detail abgedruckt, kdnnen
jedoch von den Internet-Seiten
der STUVA (http://www.stuva.
de) abgerufen werden. In die-
sen Tabellen wird der Bezug zu
dem Datenmaterial der Vorjah-
re Uber die Nummerierung der
Tunnelbauvorhaben erkennbar.
Im Einzelnen setzt diese sich
aus ein oder zwei Kennbuchsta-
ben, einer zweiziffrigen fortlau-
fenden Registrierungsnummer
und der ebenfalls zweiziffrigen
Angabe des Erfassungsjahres
zusammen. Die Kennbuchsta-
ben dienen dazu, die geplante
Tunnelnutzung stichwortartig
aufzuzeigen:
US U-, Stadt- und S-Bahntun-
nel
B Fernbahntunnel
S Stadt- und Fern-Stral3en-
tunnel
V  Wasser-und andere Versor-
gungstunnel
A Abwassertunnel
So Sonstige Tunnel
GS Grundsanierung von Tun-
neln

1 Statistics on Tunnels
under Construction
2011/2012
As in previous years, the STU-
VA also undertook a survey
of current tunnelling projects
in Germany at the turn of the
year 2011/2012. The outcome
is compiled in tabular form for
the month of December 2011
and subsequently assessed. The
table follows up its predecessors
published for the years 1978 [2]
to 2011 [3]. Only tunnels and
drain/sewer structures which
possess an accessible (walk-in
or crawl-in) excavated cross-
section, i.e. a clear minimum
diameter of 1,000 mm or, inclu-
ding the pipe wall, a minimum
cross-section of roughly 1 m? are
listed. On the other hand, small
trenchless headings which, inre-
centyears, have frequently been
executed in conjunction with
main drain construction, the
relevant domestic connections,
and also pipe-jacking operations
beneath rail and road facilities,
are not included.

The tunnel projects under
construction at the turn of the
year 2011/2012 are not listed in

detail on account of their extent;
however data can be obtained
from STUVA's Internet pages
(http//www.stuva.de). In these
tables, the numbering of the
tunnel projects indicates the re-
lationship to the data material
originating from previous years.
Essentially it takes the form of
single or double identification
letters, a two-digit sequential re-
gistration number and a two-di-
gitannual identification number.
The identification letters serve
to provide a brief assessment of
the planned tunnel utilisation,
namely:
US Underground railway, urban
and rapid transit rail tunnels
B Main-line rail tunnels
S Urban and trunk road tun-
nels
V  Waterand other supply tun-
nels
A Drain/sewer tunnels
So Miscellaneous tunnels
GS Tunnel modernisation

The identification number US
0111 therefore refers to a tunnel
project with the sequential num-
ber 1 from the Underground,
Urban and Rapid Transit Tun-
nels sector which was included
for the first time in the statistics
in 2011. The above-mentioned
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Jahreswechsel
Turn-of-the year

Art der Tunnelnutzung Auffa

Use of Tunnel

Driven Length
[km]

2011/12 ‘

Ausbruchvolumen
Excavated volume
[10°m?]

hrlange

2010/11

Auffahrlange
Driven Length
[km]

Ausbruchvolumen
Excavated volume
[10°m?]

Tunnelbaustatistik
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2009/10
(zum Vergleich / to compare)

Auffahrlange
Driven Length
[km]

Ausbruchvolumen
Excavated volume
[10°m?]

us:

U-, Stadt-, S-Bahn
Underground, urban and
rapid transit system

24121

(0,000) 33,249

(6,394)

3.247,2

(389,0)

27,308

(0,000)

2.712,0

(0,0)

2.036,1 (0,0)

B:
Fernbahn
Main-line railway

71,789

(5,762) | 9.696,3 | (949,0)

96,939

(6,137) | 10.516,0 | (589,0)

90,841

(10,546) | 9.321,0 | (1.487,0)

S:
StraBBen
Road

42,591

(11,497) | 4.473,0 | (686,0)

43,719

(4,330) 5.003,5 (462,0)

41,0030

(12,253) | 4.373,0 | (1.360,0)

Verkehrstunnel

Traffic tunnels 138,501

(17,259) | 16.205,4 | (1.635,0)

173,907

(16,861) | 18.766,7 | (1.440,0)

159,152

(22,799) | 16.490,0 | (2.847,0)

A:
Abwasser
Sewage

7,882

(3,422) 753 (34,3)

6,069

(2,540) (10,2)

4,529

(3,335) 54,2 (42,7)

V:
Versorgung
Utility lines

2,500

(2,500) (7.7)

5,400

(0,900) (9,0)

4,500

(0,450) 46,6 (3,0

So:
Sonstiges
Others

6,566

(0,785) 186,4 (45,4)

6,981

(1,200) 157,0 (16,0)

5,781

(5,781) 141,4 (141,4)

Gesamt

Total 155,449

(23,966) | 16.474,8 | (1.722,4)

192,357

(21,501) | 19.031,6 | (1.475,2)

173,962

(32,365) | 16.732,2 | (3.034,1)

GS:
Grundsanierung von Tunneln
Redevelopments of tunnels

5,167

(5,167)

2,014

(0,407)

1,607

(1,607)

Die Klammerwerte geben die zum betrachteten Jahreswechsel neu erfassten Tunnelbaukilometer bzw. m* Ausbruchvolumen an
The values in brackets relate to the newly compiled tunnel construction km and m? of excavated volume at the given turn-of-the-year

Tabelle 1: Auffahrlange und Ausbruchvolumen der jeweils zum Jahreswechsel im Bau befindlichen Tunnel

Table 1: Driven length and excavated volume of tunnels under construction at the given turn-of-the-year

Dementsprechend besagt die
Kennnummer US 0111, dass
es sich um das Tunnelprojekt
mit der laufenden Nummer 1
aus dem Bereich der U-, Stadt-
und S-Bahnen handelt, dasim
Jahr 2011 erstmals in die Sta-
tistik aufgenommen wurde.
Die vorstehend beschriebene
Art der Nummerierung wurde
vor dem Hintergrund gewahlt,
dass die meisten Baustellen,
insbesondere aus dem Ver-
kehrstunnelbereich, iber 2 bis
3 Jahre und mehr laufen. Um
Doppelzdhlungen zu vermei-
den und um das jeweils neu
hinzugekommene Bauvolu-
men ausweisen zu kénnen,
hat sich diese Art der Regis-
trierung bewahrt. Entspre-
chend wird in Tabelle 1 nicht
nur das Gesamtbauvolumen,

sondern in Klammern auch das
im Berichtsjahr jeweils neu er-
fasste Bauvolumen ausgewie-
sen. Zum Vergleich sind dort
neben den Angaben fiir den
Jahreswechsel 2011/12 auch
die Zahlen der beiden Vorjah-
reswechsel aufgefihrt.
Allgemein informieren die
Tunnellisten auf den Internet-
seiten der STUVA Uber Lage
und spatere Nutzung der auf-
gefiihrten Tunnel, Gber Ldnge
und Querschnitt sowie Uber
die vorwiegend angetroffenen
Bodenverhéltnisse. Das ange-
wandte Bauverfahren wird
stichwortartig beschrieben und
die geplante Bauzeit angege-
ben. Soweit mdglich, werden
Bauherren, Planer und Ausfih-
rende benannt, letztere in einer
erganzenden alphabetisch ge-

method of identification was se-
lected against the background
that the majority of construction
sites, especially those from the
transportation tunnel sector, run
for 2 or 3 years, or even more.
This method of registration has
proved itself in order to avoid
projects being counted twice
and to identify the new cons-
truction volume that was to be
included. Relevant indicators
relating to calculation of cons-
truction lengths and excavated
volumes are accordingly con-
tained in Table 1. In addition to
the details for the turn of the year
2011/2012, the figures from the 2
previous years can also be found
there for comparison.

By and large, the tunnel
lists on the STUVA Internet
pages provide information

on the location and ultimate
utilisation of the tunnels that
are included, their length and
cross-sections, and also the soil
conditions mainly encountered.
The construction method used
is explained in brief and the
scheduled construction time
stated. As far as possible, the
clients, designers and contrac-
tors are named, in alphabetical
order. Details of constructional
or technical aspects of a special
nature are also provided for
many projects.

When comparing transporta-
tion tunnels with supply and
disposal tunnels, information
on the excavated volumes of
the individual works makes it
possible to estimate the actual
extent of the relevant measures
in a better manner than mere
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a) bezogen auf die Auffahrlange

a) referred to length driven

b) bezogen auf das Ausbruchvolumen

b) referred to volume excavated

Anteil der verschiedenen Arten der Tunnelnutzung (Tabelle 1)

Proportion of the various types of tunnel utilisation (Table 1)

ordneten Auflistung. Schliel3-
lich werden in zahlreichen
Fallen noch konstruktive oder
verfahrenstechnische Beson-
derheiten angemerkt.

Informationen Gber das Aus-
bruchvolumen der einzelnen
BaumafBinahmen lassen bei
einem Vergleich der Verkehrs-
tunnel mit den Ver- und Ent-
sorgungstunneln den tatsach-
lichen Umfang der jeweiligen
Bauarbeiten besser abschatzen
alsLangenangaben allein. Aller-
dings ist bei der Erhebung des
Ausbruchvolumens folgendes
zu beachten: Wahrend bei den
geschlossenen Bauweisen das
Ausbruchvolumen unzweifel-
haft zu ermitteln ist, ergibt sich
der fir die offenen Bauweisen
vergleichbare Wert erst aus der
Verminderung des gesamten
Bodenaushubs um die Wieder-
verfillung.

Tabelle 1 vermittelt ein Bild
Uber die jeweils zum angege-
benen Jahreswechsel im Bau
befindliche gesamte Tunnelauf-
fahrldnge und das zugehdrige
Ausbruchvolumen. AuBBerdem

sind fur den Jahreswechsel
2011/12in Bild 1 Auffahrldnge
und Ausbruchvolumen nach
der Art der Tunnelnutzung
graphisch aufgegliedert.

Ein genereller Vergleich der
Zahlen in Tabelle 1 l3sst eine
deutliche Abnahme der Auf-

details of lengths. However, the
following should be observed
when comparing the excavated
volume: whereas the excavated
volumes for trenchless construc-
tion measures can be determined
with certainty, the comparative va-
lue for cut-and-cover methods can

only be obtained by subtracting
the amount of soil required for re-
filling from the total excavated.
Table 1 provides a picture
of the overall tunnelling length
under construction at the end
of the year in question and the
related construction volume. For

Bau des neuen Bebenroth-Tunnels zwischen Werleshausen und Eichenberg auf der Nord-Stid-Strecke

Building the new Bebenroth Tunnel between Werleshausen and Eichenberg on the north-south route
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a) U-, Stadt- und S-Bahnen

a) Underground, urban and rapid transit systems

b) gesamter Verkehrstunnelbau

b) total transportation tunnel construction

Struktur des Verkehrstunnelbaus in Deutschland zum Jahreswechsel 2011/12

Structure of transportation tunnel construction in Germany at the turn-of-the-year 2011/2012

fahrlangen der Verkehrstunnel
zum Jahreswechsel 2011/12 mit
insgesamt rund 140 km gegen-
Uber dem Vorjahreswechsel mit
knapp 174 km erkennen. Die
Bautatigkeit ging insbesonde-
re in den schienengebundenen
Verkehrsbereichen (U-, Stadt-,
S-Bahn und Fernbahn) zuriick,
wdhrend die Bautatigkeit im
Bereich StraBentunnelbau in
etwa auf dem Niveau des Vor-
jahres verblieb.

Betrachtet man die Anga-
ben zum Ausbruchvolumen, so
ergibt sich bei einem Vergleich
zwischen den Verkehrstunneln
einerseits und den Ver-und Ent-
sorgungstunneln andererseits
bei einem langenbezogenen
Verhaltnis von knapp 8:1 ein
Volumenverhdltnis von etwa
60:1 (Bild 1).

Die Frage der Vollstandigkeit
des durch die STUVA-Umfrage
von den Baufirmen und den
Ingenieurbiros erhaltenen
Zahlenmaterials ist nur schwer
abzuschatzen.Um in dieser Hin-
sicht eine groRere Zuverldssig-
keit sicherzustellen, wurden im

Rahmen der Erhebung 2011/12
wie in den Vorjahren auch die
im U-, Stadt- und S-Bahnbau
tatigen Stadte sowie die Deut-
sche Bahn AG angeschrieben.
Die Daten fur die Tunnel der
Bundesfernstralen wurden
vom Bundesministerium fir
Verkehr, Bau- und Stadtentwick-
lung (BMVBS) bereitgestellt [4].
In zahlreichen Féllen erbrachten
die Antworten dieser Behorden,
der Bauherren und Betreiber
sowie der Deutschen Bahn AG
wichtige Erganzungen und
Korrekturen. Generell sei dem
Bundesministerium fiir Verkehr,
Bau- und Stadtentwicklung, der
Deutschen Bahn AG, den ande-
ren genannten Behdrden und
Bauherren, den Planungsbiiros
sowie den beteiligten Baufirmen
an dieser Stelle flir die Mitarbeit
bei der statistischen Erfassung
laufender Tunnelbauvorhaben
ausdriicklich gedankt.

Im Folgenden wird das Er-
gebnis der Erhebung per De-
zember 2011 in verschiedener
Hinsicht genauer ausgewertet,
um so einen aktuellen Uber-

the turn of the year 2011/2012,
Fig. 1 also contains the driven
length and the excavation volu-
me in accordance with the type
of tunnel utilisation shown in
graphic form.

A general comparison of the
figures in Table 1 again reveals
a clear increase in the driven
length of transportation tun-
nels as at the turn of the year
2011/2012, with a total of some
140 km compared with almost
174 km the previous year. Buil-
ding activities tailed off parti-
cularly on trackbound sectors
(Underground, Urban and Rapid
Transport and Main-Line Rail)
whereas operations in the field
of road tunnel construction re-
mained roughly at the previous
year'’s level.

If one considers the data rela-
ting to excavated volume, there
is a length-related ratio of almost
8:1 as against a volume-related
one of around 60:1 when com-
paring transportation tunnels on
the one hand with supply and
disposal facilities on the other
(Fig. 1).

The question of the comple-
teness of the data obtained
from the STUVA survey from
construction contractors and
consultants is difficult to assess.
In order to arrive at greater reli-
ability in this respect, the cities
engaged in Underground, Urban
and Rapid Transit construction
activities, and also Deutsche
Bahn AG, were requested to
supply data within the scope of
the 2011/2012 survey, as was the
case in previous years. The Fede-
ral Ministry of Transport, Building
and Urban Affairs provided data
for federal trunk road tunnels [4].
In a large number of cases, the
replies from these authorities
and from Deutsche Bahn AG
resulted in important additions
and corrections. At this point, a
special word of thanks goes to
the Federal Ministry of Transport,
Building and Urban Affairs, Deut-
sche Bahn AG, the other authori-
ties and clients mentioned and
the architects and contractors
involved, for their assistance in
compiling the statistics for cur-
rent tunnelling projects.
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blick Gber den Tunnelbau in
Deutschland zu erhalten. Zur
Vertiefung sei auf die umfas-
senden Erlduterungen in der
Dokumentation,Unterirdisches
Bauen Deutschland 2010 mit
zahlreichen in Wort und Bild
dargestellten Beispielen ver-
wiesen [5].

® Der Schwerpunkt des inner-
stadtischen Bahntunnelbaus
(Tabellenteil US) liegt in

diesem Jahr in Hamburg,
wo sich zum Jahreswechsel
2011/12 gut 7,2 km U-Bahn-
tunnel im Bau befanden. In
K6ln werden zurzeit etwa 6,3
km U-Bahn- bzw. Stadtbahn-
tunnel aufgefahren. Weitere
Tunnelstecken sind in Karls-
ruhe (3,7 km), Dusseldorf
(3,3 km), Berlin (2,6 km) und
Stuttgart (1,0 km) im Bau.

® Der langenbezogene Anteil
der geschlossenen Bauwei-

Deutschland Germany

Bundesland Tunnellangen Anteil
Length Shares
[km] [%]
us B s gesamt
total
BW 4,646 | 0,000 | 13,398 | 18,044 | 13,0
Baden-Wiirttemberg ! ! ’ ’ !
BY
0,000 | 13,045 | 9,728 | 22,773 | 164
Bayern
BE
. 2,600 0,000 0,000 2,600 1,9
Berlin
BB
0,000 0,000 0,000 0,000 0,0
Brandenburg
HB
0,000 0,000 0,000 0,000 0,0
Bremen
HH
7,220 0,000 0,000 7,220 5.2
Hamburg
HE
0,000 1,370 6,398 7,768 56
Hessen
mv 0,000 0,000 0,000 0,000 0,0
Mecklenburg-Vorpommern ! ! ! ! !
N! 0,000 0,000 0,000 0,000 0,0
Niedersachsen
NRW 9,655 0,000 4,895 14,550 10,5
Nordrhein-Westfalen ! ! ! ! !
RP 0,000 4,242 1,452 5,694 4,1
Rheinland-Pfalz ! ! ! ! !
SL
0,000 0,000 0,000 0,000 0,0
Saarland
SN
0,000 0,000 0,195 0,195 0,1
Sachsen
ST 0,000 | 30,940 | 0,000 | 30,940 | 22,3
Sachsen-Anhalt ! ! ! ’ !
SH
. ) 0,000 0,000 0,000 0,000 0,0
Schleswig Holstein
TH
. 0,000 | 22,192 | 6,525 | 28,717 | 20,7
Thiringen
All a
e Bundeslander 24,121 | 71,789 | 42,591 | 138,501 | 100,0
All Federal States

Tabelle 2: Regionale Zuordnung der zum Jahreswechsel 2011/12 im Bau

befindlichen Verkehrstunnelprojekte

Table 2: Regional distribution of the transportation tunnels under
construction at the turn-of-the-year 2011/2012

Tunnel 8/2012

In the following, the results of
the survey as of December 2011
are evaluated more thoroughly
in various ways in order to ob-
tain an up-to-date overview of
tunnelling in Germany. In order
to substantiate this, the com-
prehensive explanatory notes
relating to the structures to be
found in "Underground Cons-
truction in Germany 20107,
containing a large number of
examples presented in both il-
lustrated and written form are
referred to [5].

® This year, the main activities
relating to inner-urban rail
tunnelling (Table section US)
took place inHamburg, where
some 7.2 km of Underground
tunnels was under construc-
tion at the turn of the year
2011/2012. Currently around
6.3 km of Underground and
Urban Railway tunnels are un-
der constructionin Cologne.
Further tunnel projects are un-
derway in Karlsruhe (3.7 km),
Dusseldorf (3.3 km), Berlin (2.6
km) and Stuttgart (1.0).

® The length-related proporti-
on of trenchless construction
methods with regard to inner-
urban rail tunnel construction
amounted to 16.4 km at the
end of 2011, accounting for
approx. 76 % of the total nati-
onal construction volume for
Underground Railway, Urban
and Rapid Transit rail systems
(68 % the previous year). Of
this total, some 2 % was ac-
counted for by shotcreting
methods (8 % the previous
year) and roughly 74 % (60 %
the previous year) by shield
driving. Fig. 3a provides a
survey of the percentages
accounted for by the various
tunnelling methods. In this
context, the diagram in Fig.
4a shows the length-related

proportion of trenchless cons-
truction methods in Under-
ground Railway, Urban and
Rapid Transit rail construction
during the last 20 years. In this
diagram, the division of tren-
chless construction methods
into shotcreting and shield
driving is especially featured.

® The main-line rail tunnels lis-
ted in Part B largely relate to
works in conjunction with the
new-line and upgrading pro-
gramme for Deutsche Bahn
AG's high-speed routes. Of
the tunnelling projects cur-
rently being implemented (a
total of 72 km), almost 35 km
is accounted for by the new
Ebensfeld-Erfurt line and some
31 km by the Erfurt to Halle/
Leipzig lines. These main-line
rail tunnel projects predomi-
nantly employ underground
(,trenchless”) tunnelling (Fig.
4b), 81 % using the shotcreting
method (Fig. 2).

® Road tunnel construction
(Part S of the table), like the
two other transportation
tunnel sectors, has constantly
been subject to pronounced
fluctuations in contracting
in recent years. This beco-
mes clearly evident from
the award curve in Fig. 5 and
above all, from the curve
pertaining to the award and
length-related percentages in
Fig.6.Road tunnels related to
their lengths are driven both
by mining means and by cut-
and-cover stands at around
55:45 (Fig. 4c). Asfaras trench-
less construction methods
are concerned shotcreting in
conjunction with drill+blast
dominates in the majority of
cases.

In the V and A sections of the
table, relating to supply and dis-
posal tunnels, only those of larger
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sen am innerstadtischen
Bahntunnelbau betrug mit
18,4 km Ende 2011 gut 76 %
(Vorjahr 68 %) des bundes-
weiten Gesamtbauvolumens
an U-, Stadt- und S-Bahnen.
Wiederum bezogen auf das
Gesamtvolumen entfielen
gut 2% auf die Spritzbeton-
bauweisen (Vorjahr 8 %) und
etwa 74 % (Vorjahr 60 %)
auf den Schildvortrieb. Eine
Ubersicht tiber die Anteile
der verschiedenen Tun-
nelbauverfahren gibt Bild
3a. Ergénzend hierzu zeigt
das Diagramm in Bild 4a den
langenbezogenen Anteil der
geschlossenen Bauweisen
im U-, Stadt- und S-Bahn-
bau wahrend der letzten 20
Jahre. In diesem Diagramm
ist die Unterteilung der ge-
schlossenen Bauweisen nach
Spritzbetonbauweisen und
Schildvortrieb gesondert
gekennzeichnet.

Die im Tabellenteil B auf-
gefiihrten Fernbahntunnel
betreffen liberwiegend
Maflinahmen im Zuge des
Ausbau- bzw. Neubaupro-
gramms fir die Schnell-
fahrstrecken der Deutschen
Bahn AG. Von den derzeit
laufenden TunnelbaumaR-
nahmen (insgesamt 72 km)
entfallen gut 35 km auf die
NBS Ebensfeld-Erfurt und
knapp 31 km auf die NBS
Erfurt-Halle/Leipzig. Die
Fernbahntunnel werden zu
fast 100 % in geschlossener
Bauweise erstellt (Bild 4b)
- dabei wird Gberwiegend
(81 %) die Spritzbetonbau-
weise angewendet (Bild 2).
Der Straentunnelbau (Ta-
bellenteil S) unterlag in
den letzten Jahren ebenso
wie die beiden anderen
Verkehrsbereiche starken
Vergabeschwankungen.

Dies lasst sich klar aus der diameter — as initially explained  are included here. The consider-
Vergabekurve in Bild 5 und — are listed. The smallest cross-  ably greater part accounted for
vor allem aus der Blockgra- sections dealt with areroughly 1.0 by drains of smaller cross-section,
fik zu den vergabemaRigen m in diameter, the largestaround  mostly driven close to the surface
ldngenbezogenen Anteilen 3to4m.Allthe supply and dispo- by means of cut-and-cover, is not
der Verkehrstrager in Bild saltunnels assessed at the turnof ~ listed here, as this is generally not
6 ableiten. Das Verhalt- the year are driven by trenchless  classified as tunnelling.
nis der geschlossenen zu means. In the case of waste dispo- The distribution by federal
den offenen Bauweisen im sal tunnels, pipe-jacking continu-  states (Lander) of the tunnels
StraBentunnelbau betragt es to prevail as it has in previous  under construction at the end
etwa 55:45 (Bild 4c). Bei den years. Furthermore, in compiling  of 2011 is also of interest. Table
geschlossenen Bauweisen drain/sewer statistics, it shouldbe 2 and Fig. 7 provide more details
dominiert die Spritzbeton- pointed out that only maindrains  of this.
4

a) Tunnel fur U-, Stadt- und S-Bahnen a) Underground, urban and rapid transit systems

b) Fernbahntunnel b) Main-line tunnels

¢) StraBentunnel ¢) Road tunnels

Langenbezogene Anteile der geschlossenen bzw. offenen Bauweisen bei den jeweils zum Jahreswechsel im Bau
befindlichen Verkehrstunneln

Length-related data on trenchless and cut-and-cover construction methods in conjunction with transportation tunnels
under construction at turn-of-the-year
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Jahreswechsel
Turn-of-the year

Art der Tunnelnutzung
Use of Tunnel

2011/12

Auffahrlange
Driven Length
tkm]

Ausbruchvolumen
Excavated volume
[10°mq]

2010/11

Auffahrlange
Driven Length
[km]

Ausbruchvolumen
Excavated volume
[10°mq]

Deutschland Germany

Tunnel 8/2012

2009/10
(zum Vergleich / to compare)
Ausbruchvolumen
Excavated volume
[10°m?3]

Auffahrlange
Driven Length
[km]

ZUs:

U-, Stadt-, S-Bahn
Underground, urban and
rapid transit system

36,205

(0,355) | 2.646,0 | (25,0)

39,839

(0,700) 2.855,0 (50,0

45,533

(2,600) 2.707,0 (0,0)

ZB:
Fernbahn
Main-line railway

171,623

(2,770) | 16.936,0 | (428,0)

174,629

(0,000) | 18.996,0 (0,0

180,766

(6,910) | 21.924,0 (0,0)

zs:
StraBen
Road

140,804

(4,446) | 21.516,2 | (804,0)

173,013

(16,616) | 21.593,6 | (1.466,4)

154,758

(9,009) | 19.739,0 | (1.206,0)

Verkehrstunnel

Traffic tunnels 348,632

(7,571) | 41.098,2 | (1.257,0)

387,481

(17,316) | 43.444,6 | (1.516,4)

381,057

(17,246) | 44.370,0 | (1.206,0)

ZA:
Abwasser
Sewage

55,380

(0,000) | 5006 (0,0)

55,380

(0,000) 501,3 (0,0

57,880

(2,880) 500,0 (0,0

ZV:
Versorgung
Utility lines

0,000

(0,000) (0,0)

0,000

(0,000) (0,0)

0,000

(0,000)

ZSo:
Sonstiges
Others

5,630

(1,200) 499,0 (19,0)

4,430

(0,000) 802,4 (0,0)

4,430

(0,000) 471,0 (106,0)

Gesamt

Total 409,642

(8,771) | 42.097,8 | (1.276,1)

447,291

(17,316) | 44.748,3 | (1.517,5)

443,367

(20,126) | 45.341,0 | (1.312,0)

ZGS:
Grundsanierung von Tunneln
Redevelopments of tunnels

12,093

(2,544)

19,854

(0,000)

20,261

(1,254)

Die Klammerwerte geben die zum betrachteten Jahreswechsel neu erfassten Tunnelbaukilometer bzw. m* Ausbruchvolumen an
The values in brackets relate to the newly compiled tunnel construction km and m? of excavated volume at the given turn-of-the-year

Tabelle 3: Auffahrlange und Ausbruchvolumen der jeweils zum Jahreswechsel (Baubeginn) geplanten Tunnel

Table 3: Driven length and excavated volume of tunnels under construction at the given turn-of-the-year

bauweise in Verbindung mit
dem Sprengvortrieb in der
Zahl der Anwendungsfille.

In den TabellenteilenV und A fir
die Ver- und Entsorgungstunnel
sind — wie eingangs ausgefiihrt—
nur solche mit gré3erem Durch-
messer aufgelistet. Die kleinsten
hier erfassten Querschnitte wei-
sen einen Durchmesser von etwa
1,0 m auf, die gré3ten einen von
3 bis4 m. Alle zum Jahreswechsel
erfassten Ver- und Entsorgungs-
tunnel werden unterirdisch er-
stellt. Bei den Abwassertunneln
Uberwiegt von den Bauverfah-
ren her — wie in den Vorjahren
—die Rohrvorpressung. Generell
ist zu der Zusammenstellung
der Abwassertunnel auf3erdem
anzumerken, dass es sich hier
nur um groéRere Hauptsammler

handelt. Der wesentlich gré3ere
Anteil, meist in offener Bauweise
oberflachennah erstellter Samm-
ler mit kleineren Querschnitten
ist hier nicht aufgefiihrt, daeri.A.
nicht zum Tunnelbau gerechnet
wird.

Beziiglich der zum Jahres-
ende 2011 im Bau befindlichen
Tunnel erscheint zusatzlich die
Verteilung auf die Bundeslander
von Interesse. Hierliber geben
Tabelle 2 und Bild 7 ndhere Aus-
kunft.

Wertet man flr die Ver-
kehrstunnel aus der Statistik
der letzten Jahre die jeweils
zum Jahreswechsel neu er-
fassten Auffahrlangen und
Ausbruchvolumina verglei-
chend aus, so ergibt sich ein
aufschlussreiches Bild tGiber den
Vergabeverlauf. Bild 5 ldsst in

If one compares the newly ob-
tained driven lengths and ex-
cavated volumes for the turn
of the year for transportation
tunnels based on the statistics
of recent years, then a revealing
picture of just how contracts
are awarded is obtained. In this
connection, Fig. 5 clearly shows
the important influence of the
DB's new lines and displays the
continuing fickleness on the part
of public authorities in awarding
new tunnelling contracts, a fact
which constantly gives rise to
complaints by the construction
industry and consultants. After a
steep rise in awards from 1996 to
2000 (resulting above all from ac-
tivity in conjunction with the new
Cologne —Rhine/Main route), an
equally steep downturn in the
field of Main-Line Tunnels then

set in for the next 2 to 3 years
(Fig. 6). As a consequence, as far
as providing work for the availa-
ble capacities in the tunnelling
industry (design and execution)
is concerned, expectations are
still concentrated on enginee-
ring works in conjunction with
further new and upgraded lines
for Deutsche Bahn AG, and also
in the national trunk roads sector
( please refer to Chapter 2).

2 Planned Tunnelling
Projects

The results of the survey relating
to confirmed tunnel projects and
those due to be awarded in the
near future are naturally of spe-
cial interest to the construction
industry and consultants. Table 3
shows the award period starting
in 2012.
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diesem Zusammenhang den
herausragenden Einfluss der
DB-Neubaustrecken erkennen
und zeigt unverandert deutlich
die von der Bauindustrie und
den Ingenieurbiiros seit Jahren
beklagte Unstetigkeit in der
Vergabe des Tunnelneubaus
durch die o6ffentliche Hand.
Nach einem steilen Vergabe-
anstieg in den Jahren 1996 bis
2000 (bedingt vor allem durch
die Aktivitaten im Zuge der NBS
K6In-Rhein/Main) istim Bereich
der Fernbahntunnel flr die dar-
auffolgenden 2 bis 3 Jahre ein
ebenso steiler Riickgang fest-
zustellen (Bild 6). Fur die Aus-
lastung der Kapazitdten in der
Tunnelbauindustrie (Planung
und Ausfiihrung) konzentrie-
ren sich daher die Erwartungen
unverdndert auf die Baumaf3-
nahmen im Zuge der weiteren
Neu- und Ausbaustrecken der
Deutschen Bahn AG sowie im
Bereich der Bundesfernstral3en
(siehe hierzu die Ausfiihrungen
unter 2.).

2 Geplante Tunnelbau-
vorhaben

Das Ergebnis der Umfrage zu
den konkret geplanten und
in naher Zukunft zur Vergabe
anstehenden Tunnel ist furr die
bauausfiihrende Industrie und
die Planungsbiiros naturgemaf3
von besonderem Interesse. Es
ist fir den Vergabezeitraum ab
2012 in Tabelle 3 dargestellt.
Bei einer Bewertung des Zah-
lenmaterials in Tabelle 3 fallt
auf, dass sich das Planungsvo-
lumen bei den U-, Stadt- und
S-Bahntunneln nochmals leicht
verringert hat, ohne dass die
offentliche Hand in nennens-
wertem Umfang Projekte ver-
geben hat (Tabelle 1). Dies ist
in erster Linie auf gednderte
Planungen unter dem Eindruck
angespannter kommunaler Fi-

nanzhaushalte zurlickzufiihren.
Unter den geplanten Projekten
ragt nach wie vor das Planvo-
lumen der Stadt Miinchen mit
gut 22 km heraus. In Stuttgart
sind, vor allem im Zusammen-
hang mit dem Projekt Stuttgart
21, etwa 6 km neue Tunnelstre-
cken geplant. Weitere Tunnel-
maflnahmen fiir U-, Stadt- und

19

Examination of the data in Table
3 clearly indicates that the plan-
ning volume for Underground,
Urban and Rapid Transit rail tun-
nels has further shown a slight
decrease without the state
awarding a substantial number
of projects (Table 1). This can
mainly be attributed to plans
changing owing a dearth of pu-

blic funds. In this context, the
remaining planned volume for
the city of Munich, comprising
just on 22 km, is conspicuous
among the projects still planned.
A good 6 km of tunnel is plan-
ned for Stuttgart, in conjunction
with the Stuttgart 21 project.
Further tunnel construction, up
to roughly 3 km in each case, is

a) bezogen auf die Auffahrlange

b) bezogen auf das Ausbruchvolumen

a) related to the length driven

b) related to the volume excavated

5

Vergabeverlauf im Verkehrstunnelbau der letzten 20 Jahre

Course of awards for transportation tunnel construction during last 20 years
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Rail Tunnels, it should be noted
6 that this is principally the result
of the high tunnel content of
the Stuttgart 21 Main-Line pro-
ject (some 68 km) and the new
Wendlingen-Ulm project with
around 58 km.

The planned volume of pro-
jected road tunnels was slashed
considerably compared to previ-
ous years on the part of the state
due to belt-tightening. Around
97% of the projects listed are in
the old (western) federal states of
Germany (Table 4). The measures
that are being planned in the new
(eastern) federal states are mainly
atthe preliminary planning stage
and are consequently not yet suf-

VergabemaBige, auf die Lange bezogene Anteile der Verkehrstrager im Verkehrstunnelbau der letzten 20 Jahre

Contract-related and length-related data relating to clients for transportation tunnels constructed last 20 years

ficiently advanced to be included
in the statistics. The planning in
this sector is primarily being car-

S-Bahnen mit jeweils weniger
als insgesamt 3 km Lange sind
in Frankfurt/Main, Niirnberg,
Dortmund, Disseldorf sowie
Augsburg vorgesehen.

Zu dem umfanglichen Planvo-
lumen bei den Fernbahntun-
neln ist festzustellen, dass sich
hier vor allem der hohe Tunnel-
anteil der Projekte Fernbahn

scheduled for, Frankfurt/Main,
Nuremberg, Dortmund, Dissel-
dorf and Augsburg.

Regarding the particularly
high proportion of Main-Line

ried out in conjunction with,Ger-
man Unity Projects — Road"

The 141 km of planned road
tunnels listed in Table 3 has at
least generally reached the plan-

7

8

LangenmaBige Zuordnung der zum Jahreswechsel 2011/12 im Bau
befindlichen Verkehrstunnelprojekte auf die Bundesléander (Tabelle 2); in
Klammern jeweils die Anzahl der gemeldeten Verkehrstunnelprojekte

Length-related classification according to federal states (Table 2) for planned
transportation tunnel projects at the turn-of-the-year 2011/2012; with the
number of registered transportation tunnel projects given in brackets

LangenmaBige Zuordnung der geplanten Verkehrstunnelprojekte (Bau-
beginn ab 2012) auf die Bundeslander (Tabelle 4); in Klammern jeweils die
Anzahl der gemeldeten Verkehrstunnelprojekte

Length-related classification of planned transportation tunnel projects (start of
construction as from 2012) according to federal states (please see Table 4); with
the number of registered transportation tunnel projects given in brackets
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Stuttgart21 mit gut 68 km und
die NBS Wendlingen-Ulm mit
etwa 58 km auswirkt.

DasVolumen der geplanten
Straflentunnel wurde als Folge
der gednderten Bedarfspla-
nungen des Bundes gegeniiber
denVorjahren erheblich zuriick-
genommen. Die verbliebenen
Projekte betreffen zu etwa
97 % die Alten Bundeslander
(Tabelle 4). Die in den Neuen
Bundeslandern in Vorbereitung
befindlichen MaBhahmen ste-
hen in groBer Zahlimmer noch
im Stadium der Vorplanung
und sind demzufolge fir eine
Aufnahme in die Statistik noch
nicht ausreichend abgesichert.
Ihre Planung erfolgt vor allem
im Zuge der ,Projekte Deutsche
Einheit Stral3e”.

DieinTabelle 3 aufgefiihrten 141
km an geplanten StraBentunneln
haben in der Regel mindestens
das Stadium der Planfeststel-
lung erreicht. Das trifft in jedem
Fall fiir die Tunnel im Zuge der
genannten Bundesfernstralen,
d.h. in der Baulast des Bundes
stehende Projekte zu. Darliber
hinaus sind weitere Straentun-
nel mit einer Gesamtlange von
nahezu 80 km angedacht. Sie
waren den Werten der Tabelle
3 noch hinzuzurechnen. Fiir ei-
nen Teil dieser Projekte ist die
Umweltvertraglichkeitspriifung
(UVP) bereits abgeschlossen bzw.
die Linienfestlegung erfolgt. lhre
Realisierung ist aber noch nicht
endgliltig gesichert, und zwar
weder in zeitlicher noch in fi-
nanzieller Hinsicht.

21

ning approval stage. This applies
principally to the tunnels on fe-
deral trunk roads, i.e. those for
whose construction the fede-
ral government is responsible.
Further road tunnels totalling
almost 80 km in length are also
under consideration, and these
must be added to the figures
shown in Table 3. For a number
of these projects, the environ-
mental impact assessment (EIA)
has already been concluded or
the route alignment has been fi-
nalised. Their implementation is
not yet totally certain, however,
either in terms of scheduling or
financing.

Technical details relating to
the planned tunnels included in
Table 3 can be found in the rele-
vant tables (available from www.

stuva.de). Essentially, these are
structured in the same manner
as the statistics on tunnel pro-
jects which are in the process of
implementation, as presented in
Section 1. The same approach
was selected to identify and dif-
ferentiate the individual tunnel
projects. However, the letter “Z"
has been added to make quite
clear that the tunnel construc-
tion measure in question is a
“future” one. As a consequence,
no details are provided concer-
ning the responsible construc-
tion company or consortium,
whereas these can be found in
the statistics on current tunnel
projects.

Generally speaking, as far as
assessing the detailed data rela-
ting to future tunnel projects is
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Tunnelerweiterungsportal TEP 84008 fiir die Tunnel Langenau und Hollerich

Tunnel enlargement portal TEP 84008 for the Langenau and Hollerich tunnels

Technische Details zu den in
Tabelle 3 erfassten geplanten
Tunneln gehen aus den zu-
gehorigen Tabellen (abrufbar
unter www.stuva.de) hervor.
Sie sind vom Grundsatz her in
gleicher Weise gegliedert wie
die in Abschnitt 1 erlduterte
Statistik der in Ausfiihrung be-
findlichen Tunnelprojekte. Fur
die kennzeichnende und un-
terscheidende Nummerierung
der einzelnen Tunnelprojekte
wurde dieselbe Systematik
gewadhlt. Ergdnzt ist nur der
jeweils vorangestellte Kenn-
buchstabe ,Z" zur Verdeutli-
chung, dass es sich um, zukinf-
tige” Tunnelbaumalnahmen
handelt. Dementsprechend
fehlen auch Angaben zu den
ausfiihrenden Baufirmen oder
zur Arge wie sie in der Statistik
der laufenden Tunnelprojekte
enthalten sind.

Allgemein ist bei einer Be-
wertung der Detailangaben zu
den kiinftigen Tunnelbaupro-
jekten zu beachten, dass sich
im Zuge der Planfeststellung
bzw. der Vergabe z.B. aufgrund
von Sondervorschldgen Ande-
rungen vor allem in der Frage
des anzuwendenden Vortriebs-
verfahrens ergeben kdnnen.

Hierauf wurde von verschie-
denen Bauherren ausdrtick-
lich hingewiesen. Anderungen
kdnnen sich natirlich auch be-
zliglich der voraussichtlichen
Anfangs- und Endtermine der
Bauausfiihrung einstellen.

Fiir die Bauindustrie und
die planenden Ingenieure
ist beztglich der kiinftigen
Tunnelprojekte wiederum
von besonderem Interesse,
in welcher Region diese sich
schwerpunktmaflig befinden.
Entsprechende Angaben ent-
halten Tabelle 4 und Bild 8 mit
einer Gliederung nach den
Bundeslandern.

3 Geplante Tunnel-
sanierungen

Bei den alten Eisenbahntun-
neln stehen in beachtlichem
MaRe auch Teil- und Vollsanie-
rungen an. Diese Malnahmen
erfordern in der Regel ganz be-
sondere organisatorische und
logistische Uberlegungen, vor
allem, wenn sie bei laufendem
Bahnbetrieb durchzufiihren
sind [6]. Beispiele aus Deutsch-
land sind die Erneuerung des
Frauenberger und des Kup-
ferheck Tunnels auf der Na-
hestrecke Bingen-Saarbriicken

Deutschland Germany
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Bundesland Tunnelldngen Anteil
Length Shares
[km] [%]
us B zs | 9em
total
BW 6,150 |134,970| 47,811 | 188,931 | 54,2
Baden-Wiirttemberg ! ! ! ! i
BY
25,100 | 15917 | 22,955 | 63,972 | 183
Bayern
BE
. 0,000 0,000 2,906 2,906 0,8
Berlin
BB
0,000 0,000 | 0,750 | 0,750 0,2
Brandenburg
HB
0,000 0,000 3,737 3,737 1,1
Bremen
HH
0,000 0,000 1,526 1,526 04
Hamburg
HE
2,085 | 18,156 | 33,651 | 53,892 | 15,5
Hessen
mv 0,000 0,000 | 0,000 | 0,000 0,0
Mecklenburg-Vorpommern ! ! ! ! !
N! 0,000 0,000 0,788 | 0,788 0,2
Niedersachsen
NRW
Nordrhein-Westfalen 2,870 2,580 8,430 | 13,880 4,0
RP 0,000 0,000 2,040 2,040 0,6
Rheinland-Pfalz ! ! ! ! !
SL
0,000 0,000 1,400 1,400 04
Saarland
SN
0,000 0,000 | 0,300 | 0,300 0,1
Sachsen
ST 0,000 0,000 | 0457 0,457 0,1
Sachsen-Anhalt ! ! ! ! !
SH
) ) 0,000 0,000 | 13,668 | 13,668 39
Schleswig Holstein
TH
L 0,000 0,000 0,385 0,385 0,1
Thiiringen
Alle Bundeslander 36,205 | 171,623 140,804 348,632 100,0
All Federal States

Tabelle 4: Regionale Zuordnung der geplanten Verkehrstunnelprojekte

(Baubeginn ab 2011)

Table 4: Regional distribution of planned transportation tunnel projects (start

of construction as from 2012)

concerned, it must be observed
that alterations can occur during
the planning approval and award
stages, above all, due to special
proposals, relating primarily to
the tunnelling method. Various
clients expressly pointed this out.
Alterations can of course, also re-
sult with respect to project star-
ting and completion dates.

It is also of interest for the
construction industry and the
consultants involved to be

aware of the regions for which
implementation of the planned
tunnel projects is mainly sche-
duled. Table 4 and Fig. 8 show
the relevant details, categorised
by federal state.

3 Tunnel Modernisation
Plans

To an increasing extent, partial
and complete refurbishing sche-
mes are now being scheduled
for existing rail tunnels. Generally
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sowie die Tunnel Langenau und
Hollerich auf der Lahnstrecke
Wetzlar-Niederlahnstein bei
Nassau (Bild 9). Diese Strecken
gingen in den Jahren 1860 bzw.
1862 in Betrieb. Neben den lau-
fenden Grundsanierungen/Pro-
filerweiterungen tiber eine Ge-
samtlange von gut 5 km sollen

in ndherer Zukunft weitere gut
12 km grundsaniert werden.
Einzelheiten hierzu sind im
Tabellenteil ,ZGS"” zusammen-
gestellt. Kennzeichnung und
Beschreibung der einzelnen
Projekte entsprechen im Einzel-
nen den kiinftigen Neubaupro-
jekten aus Tabelle 3. O
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speaking, such measures call for
special organisational and logi-
stical provisions, particularly if
these projects are to be imple-
mented without causing dis-
ruption to rail traffic [6]. Recent
examples of this are provided by
the renovation of the Frauenberg
and Kupferheck tunnels on the
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Nahe valley line between Bingen
and Saarbriicken as well as the
Langenau and Hollerich tunnels
on the Lahn valley line between
Wetzlar and Niederlahnstein at
Nassau (Fig. 9). These lines were
opened back in 1860 and 1862
respectively. In the near future,
comprehensive modernisation
and/or —cross-sectional enlarge-
ment of no less than 12 km of
tunnel is scheduled in addition
to the 5 km already accomplis-
hed.Table Section“ZGS"contains
the relevant details. The identi-
fication and description of the
individual projects correspond
to the future new construction
projects found inTable 3. @
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EPBM Excavations of Prague Subway

“Metro V.A)

The Metro V.A. extension included 4.8 km of twin tunnels bored by 2 Earth
Pressure Balance Machines (EPBMs), and 1.3 km section including mined
double track tunnel. The article focuses on the experience with EPBM exca-
vations, and provides a brief description of the stations and mined tunnels.

The construction of Metro V.A,
the fifth extension of line A, star-
ted in April 2010. It will add to
operation 4 new stations and 6.1
km of tunnels to the existing Pra-
gue subway network by the end
of 2014. Prague subway, whose
origin dates back to 1967, has
59 km of operated alignment
tracks, which are mostly under-
ground, and 57 mostly mined
underground stations. The Me-
tro V.A. extension included 4.8
km of twin tunnels bored by 2
Earth Pressure Balance Machi-
nes (EPBMs), and 1.3 km section
including mined double track
tunnel.

1 Project

Metro V.A. was the first phase of
the 2 phase project to build the
subway connection to the Vaclav
Havel International Airport. The
funds of 750 million Euro for the
5 year project of the first phase

K. Rossler and D. Cyron, Metrostav a.s., Czech Republic;
V. Vales, Metroprojekt Praha a.s., Czech Republic

were provided by the owner
Dopravni Podnik Praha a.s. (DPP),
out of which 40 % could be pro-
vided by the European Union.
The project was supervised by
the Inzenyring Dopravnich Sta-
veb a.s. (IDS), and designed by
the Metroprojekt Praha a.s.

The construction works in-
cluding the rail installation have
been won for the price of 545
million Euro by the Joint Ven-
ture of the Metrostav a.s. and
the Hochtief CZ a.s. companies,
which divided the amount of the
works in the ratio of 60 %, and
40 %, respectively. The Metrostav
Company was responsible for
building 4.8 km of twin tunnels,
and 2 underground stations Pe-
triny, and Veleslavin (Veleslavin
was built by the daughter com-
pany Subterrac a.s.), while the

Metro V.A. will add to operation 4 new stations and 6.1 km of tunnels to the

existing Prague subway

Hochtief CZ Company accoun-
ted for the 1.3 km double track
tunnels including the open cut
Motol Station, and the mined
Cerveny Vrch Station (Fig. 1).

1.1 Schedule

The 5 year project schedule dic-
tated that the construction works
be completed in 4 years by the
end of 2013 to allow time for the
technology installation and the
test operation. To comply with
the 4 year construction schedule
the construction of the stations
and the tunnels had to be plan-
ned to run in parallel and inde-
pendently as much as possible.
That could seem a difficult task,
since the 4.8 km alignment of the
EPBM twin tunnels was passing
through 3 underground stations.
The station excavations would
obstruct the EPBM excavations,
and vice versa, the stations final
linings would not be finished be-
fore the EPBM operations cleared
the stations. The avoid potential
construction site interferences
and delays, separate access pits,
shafts and adits had to be built
for the stations and the tunnels,
plus an intermediate access
shaft was placed in the middle
of the 4.8 km for relocating the
supply and logistic operations
of the EPBMs to allow an early
start for completion of the 2 un-

derground stations Petriny and
Veleslavin.

Thereby, the EPBM exca-
vations got on a critical path,
which commanded the twin
tubes to be completed in a year
and a half from the date the
machines were assembled at
the launch shaft (mid of 2011)
until they broke through in the
Dejvicka disassembly chamber
(end of 2012). The design and
selection of EPBM technology
and logistics were therefore fo-
cused on ensuring continuous
excavation operations, which
would permit the machines to
achieve an average performance
of 12 to 16 m/day for the entire
4.8 km alignment. For that pur-
pose the Metrostav Company
opted for the two-component
grout system, which pumped
the fill grout from the surface
to the tunnel; conveyor belts,
which transported muck from
the tunnel to the surface; and
rubber wheeled Multi Service
Vehicles (MSV) for the segments
transport. All the 3 technology
components reduced materials
handling at the access shafts,
and made the logistics simpler,
therefore less prone to delays.

Since the EPBM walks and the
re-starts represented significant
interruptions in the EPBM drives,
the technology also included a
prefabricated unitized system al-
lowing a quick assembly of the
cradle supports and the bracing
frames inside the underground
stations and the pits.

Although several challenges
were encountered during the
EPBM operations, the first time
experience of the Metrostav
Company with the modern EPBM
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Major portion of the alignment was situated in the clayshale bedrock

technology was successful, and
the EPBM excavations were com-
pleted on the schedule thanks to
the technical site support and
the innovative technologies.

1.2 Alignment

The Metro V.A. extension will add
an additional capacity of 45.000
passengers per day to the exis-
ting Prague subway ridership
of 1.3 million of passengers per
day.To comply with the planned
capacity, the 100 m station plat-
forms accommodated 5 wagon
trains, and the alignment was
designed for a train speed of 80
km/h with minimum headway
of 90 seconds.

Three underground stations
along the twin tubes alignment
were designed with center plat-
forms 10 to 12 m wide, while
the Motol station, as part of the

double track tunnel alignment,
included 2 side platforms 2 x 5
m wide. The minimum horizontal
curve was 640 m, and the vertical
gradient 3.95 %.

For better passenger circu-
lation the stations were kept as
shallow as possible. Considering
the minimum rock cover the re-
sulting stations depths ranged
from 20 to 40 m. Ventilation
shafts, rooms, and technological
objects were built at each stati-
on, and the distance between
the twin tunnels crosspassages
was about 200 m.

1.3 Geology

Major portion of the alignment
was situated in the clayshale bed-
rock (Fig. 2). At the launch shaft,
about 0.7 km of the alignment
was intersected by the waterbe-
aring sandstone sealed by the

clayshale layer at the bottom.
Shallow alignment portions
were intersected by deluvial
sediments and by weathered
clayshale bedrock horizont clas-
sified usually as clayey sand or
clayey gravel.

The bedrock layers were cha-
racterized by uniaxial compres-
sive strengths of undisturbed
intact rock samples in the range
of 5.0 to 15 MPa with some in
the range of 15 to 50 MPa. In
reality the majority of encoun-
tered rocks had the strength in
the range of 0.5 to 1.5 MPa. The
deformation modulus of the rock
mass including 3 sets of discon-
tinuities was estimated between
25 GPa and 300 GPa. In contrary
to the tender documents, which
anticipated drill and blast ope-
rations, the excavation in the
soft ground was possible with

mechanical means of excava-
tors and diggers, yet, the un-
weathered bedrock provided
vertically stable excavation face,
which allowed the major portion
of the alignment to be excavated
in the EPBM open mode.

The design intention was to
keep the excavations as much as
possible under the cover of the
bedrock layers, which provided
sufficiently stable face, roof and
bottom stability for the time of
support installation in the mined
stations and the tunnels. Besides
observing the stability, the soft
ground deformations were re-
stricted by the project surface
settlement criteria, which were
established for the EPBM exca-
vations by the maximum diffe-
rential settlement of 1/800, and
by the maximum settlement of
10 mm.

The maximum groundwater
table elevation above the tun-
nels crown was 28 m. Clayshales
and claystones were typically im-
pervious, however in weathered
zones, shears, faults, or especial-
ly when intersected by blocky
quartzite intrusions the ground
water inflows could reach 1 to
5 I/sec. High groundwater in-
flows were experienced in the
waterbearing sandstone, where
the inflows locally ranged from
5to 10 I/min.

3

The stations had 3 accesses: a) escalators, b) elevators, and ¢) emergency exit staircase (Cerveny Vrch Station)
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2 Conventional
Tunnelling

Passenger safety and transporta-
tion regulations required that
the stations had 3 accesses: a)
escalators, b) elevators, and ¢)
emergency exit staircase (Fig.
3). By including the technologi-
cal rooms the stations lengths
varied from 130 to 220 m, and for
the construction were divided
into several dilation units.

The final lining of the under-
ground stations was a cast in place
concrete C30/37 builtin thickness
400 mm (Veleslavin), and 600 mm
(Petriny, Cerveny Virch) protected
by undrained waterproofing
membrane. The waterproofing
of the single-vault stations Petriny
and Cerveny vrch implemented
PVC sheets covering the arched
station walls, the bulkheads inclu-
ding the junction with the EPBM
tunnels adopted sprayed memb-
rane. In the binocular (three-vault)
Veleslavin Station the sprayed wa-
terproofing membrane was adop-
ted for the entire station because
the geometry of the 3 arches and
the pillars resulted in a complica-
ted detailing for installing the PVC
sheets.

The primary linings of the un-
derground stations were sprayed
concrete C 25/30 with thickness
of 300 mm (Veleslavin) and 400
mm (Petriny, Cerveny Vrch).

2.1 Petriny Station

The original plan for the Petriny
Station was to access the station
excavation through the EPBM
tunnels. That would however put
the station on the critical path in
the construction schedule since
the excavation would have to
wait till the EPBMs were manufac-
tured, assembled, passed through
the station, and completed the
operations by reaching the in-
termediate pit. To minimize the
risk of project delay that could be

caused by postponing the start
of Petriny Station excavation,
the Metrostav Company realized
a 300 m long access adit, which
allowed excavating the station in
advance of the EPBMs, and com-
pleting itin parallel with the EPBM
operations.

Petriny station excavation
profile of 265 m? with the span
of 22 mand height of 15.5 m was
situated in the mixed face of soft

Tunnel 8/2012

side-walls (Fig. 4). Under their
protection the center drift ex-
cavation was completed and
the invert was closed while the
EPBM operations were still run-
ning in the side-drifts. After the
EPBM logistics were relocated to
the intermediate supply pit, the
temporary side-walls were de-
molished from a gravel ramp.
For the EPBM breakthrough,
the bulkhead of the station had

10 m of the bifurcated adits were
filled with the light concrete
which at the same time formed
a vertical wall for the EPBM
breakthrough (Fig. 5).

The 15.5 m height of the stati-
on made the structure rise above
the groundwater table, and could
create adam for the groundwater
flow in the waterbearing sand-
stones. To minimize negative im-
pact on the environment, drai-

Station excavation implemented the twin side-wall drift method, which first built the side drifts to support the station
arch. The left side drift shows the EPBM gantry

waterbearing sandstone (upper
2/3) and claystone (lower 1/3).
The soft claystone in places inter-
laced with thin coal beds would
not provide sufficient bearing
capacity for the station bottom
therefore the station excavation
implemented the twin side-wall
drift method, which first built the
side drifts to support the stati-
on arch (Fig. 4). The excavation
face was stable and no additio-
nal measures were required to
stabilize the face, while the walls
were supported by the primary
lining with the grouted bolts.
By the time the 2 side-drifts
were completed and the center
drift was still under excavation
the EPBMs arrived in the station
and were walked through the
side-drifts separated from the
center drift by the temporary

to be modified, because it was
formed by the curved primary
lining of the station access adit
bifurcating into the side-drifts.
Boring through them could lead
to stability problems. Therefore

nage channels were installed on
the exterior of the station liner,
which allowed the groundwa-
ter to flow under the station, and
the station did not intercept the
groundwater springs.

The side-drifts of Petriny Station were filled with light concrete to form a

vertical wall for the EPBM breakthrough
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2.2 Veleslavin Station

The Veleslavin Station shallow
depth required a binocular struc-
ture design, which thanks to the
low construction height of the 3
vaults minimized the excavation
exposure to the upper deluvial
sediments (Fig. 6).

The construction sequence
proceeded first with the side
tunnels, which were excavated,
and supported with shotcrete

and furnished with the cast-in-
place final lining, and the con-
crete pillars to support the future
arch of the middle tunnel. After
the completion of the 2 side
tunnels, the middle tunnel was
excavated and supported with
the primary and final lining and
also protected with the sprayed
waterproofing.

In spite of the low height of
the binocular station the crown

6

Low construction height of the Veleslavin Station binocular structure mini-
mized the excavation exposure to the upper deluvial sediments

lining. After the EPBMs were
walked through the side tunnels,
and the EPBM logistics were relo-
cated to the intermediate pit, the
side tunnels were waterproofed
with the sprayed membrane,

excavations were exposed to
the variable profile of weathered
clayshale bedrock and locally
reached the upper sediments.
Since the excavation took place
under 2 to 5 m of groundwater

table, the roof stability had to
be protected by a canopy of 6
m long chemically grouted IBO
32 mm bolts and the face was
stabilized by chemically grouted
8 m fibre-glass bolts.

2.3 Cerveny Vrch Station

The Cerveny Vrch Station exca-
vation of the 225 m? profile, 20
m span, and 15 m height in wea-
thered shale and blocky quart-
zite required the side-wall drift
method to mitigate ground sett-
lements and potential ground
instability at nearby residential
structures.

The additional measures in-
cluding short excavation round,
pre-grouting, and bolt canopy
necessary to stabilize the rock
in advance of the excavation,
slowed the advance rate and
did not allow to complete the
station excavation before the
EPBMs arrival. After the machi-
nes walked through the side
drifts and resumed excavations
on the other end of the stati-
on, the center drift excavation
continued along with the EPBM
operations. In contrast to Petri-
ny Station, the side walls were
demolished as the center drift
excavation progressed.To assure
a safe working environment for

the EPBM workers, the Hochtief
CZ Company installed curved
steel plate barriers to stop de-
molished concrete from flying
into the side drifts.

In the end the excavations of
Cerveny Vrch Station were com-
pleted in parallel with the EPBM
operations.

2.4 Motol Station

The Motol Station was designed
in an open pit cut in a slope,
whose geology composed of
sandstone blocks embedded in
clayshale base.

Retaining walls made of Milan
diaphragm concrete walls and
anchored by the permanent ca-
ble bolts, stabilized the excava-
tion against activating potential
slope movements (Fig. 7).

The permanent cable bolts
were equipped with devices for
monitoring the cable tension,
and the space left between the
station and the wall served for
the maintenance and the bolts
re-tensioning (Fig. 7).

The station was built as two-
storey structure. The hallways
below the platform were built
at the same level as the street
underpasses to provide a conve-
nient transfer of the passengers
to the adjacent Motol Hospital.

7

Motol Station was designed with a glass roof in an open pit cut in a slope (Figure on the right is

a computer rendering)
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The arched roof was made out
of glass panels to preserve day
light illumination on the plat-
form (Fig. 7). The panels were
supported by the steel rein-
forced concrete beams, which
represented a difficult struc-
ture both for the production
and for the installation, since
the profiles and the lengths
of the arched beams varied as
the height of the wall along the
slope was increasing. To avoid
procuring many different form-
works, and unify the beams the
station wall facing the slope was
slightly curved.

The glass panels were desi-
gned in compliance with the fire
safety requirements, they redu-
ced daylight glare for the train
operators, and assured pleasant
interior temperatures in all sea-
sonal weather conditions.

2.5 Double-track Tunnels
Double-track tunnels were mi-
ned conventionally by heading
and benching method along a
1.3 km portion of the alignment,
which included Motol Station,
and also a short mined tunnel
for storage tracks.

Excavation profile of 65 m?
with span of 10.5 m, and height
of 7.5 min the clayshale bedrock
was supported by the shotcrete
liner of C 25/20 concrete with
250 mm thickness, bolts, and
the closed invert.

Weak and discontinuous
clayshales were mined by impact
hammer and excavators, yet, the
rock excavation face was stable.
However, when exposed to air
and especially in the presence
of the ground water inflows the
shale rock quickly disintegrated.
The clayshale exposed surface
quickly gained a soft clay consis-
tency, which reduced the friction
angle to zero between the rock
blocks. To prevent the weathe-

ring of clayshale and provide a
firm base for the tracks the in-
vert was closed systematically in
adistance of 15to 150 m behind
the heading.

The final lining was cast in
place concrete of C 30/37 with
a thickness of 400 mm, which
was protected with the un-
drained waterproofing of PVC
sheet membrane.

3 EPBM Tunnelling

Two fundamental features of the
EPBM technology decided that it
was selected for the excavation
of the two 6 m diameter tunnels
along the alignment stretch of
4.8 km: 1) high excavation speed,
and 2) positive face pressure to
stabilize the ground and mini-
mize the settlements.

The project could provide
only a limited number of cons-
truction sites in the densely
populated urban environment.
For the twin tubes excavation
2 access sites were established:
the launch shaft, and the inter-
mediate pit, which divided the
alignment into 2.2 km and the
2.6 km sections. With respect to
the tunnel lengths the project
schedule defined that the ex-
cavations had to comply with
the average speed of 12 m/day
or 360 m/month (24 hours, 30
days).

The logistics were designed
to allow the simultaneous EPBMs
operations achieving maximum
speeds of 30 m/day, which made
the requirement of average
speed of 12 m/day no difficult
task. In reality, the best advance
rates of 630 m/month, and 36
m/day were achieved.

The tunnels were mostly under
a sufficient cover of the claysha-
le bedrock, yet there were struc-
tures along the alignment, which
necessitated protection against
ground settlements. To comply

Metro Prague Czech Republic
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with the project settlement cri-
teria of maximum 10 mm sur-
face settlement, and maximum
differential settlement of 1/800,
the EPBMs excavated in closed
mode with the face pressure in
the range of 1.4 to 2.4 bar. With
only few exceptions the ground
deformation generated by the
EPBM excavations complied with
the settlement criteria.

3.1 EPBM Technology

The two EPBMs S609 and S610
were procured from the Herren-
knecht. The machines technical
parameters (Table 1), respected
given geological conditions, and
several technological features
were added to the EPBM design:
Metrostav requested a bentonite
pressure injection system for
supporting the ground around
the shield and the face to avoid
generation of excessive ground
loads on the machines during
the EPBM long standstills; wear
resistant material of chromium
carbide was ordered for the cut-
terhead and the screw conveyor
protection in the highly abrasive
sandstones with high quartzite
content of more than 85 % and
Cerchar abrasiveness of 4.5 that
were encountered in the first 500
m of excavation; the cutterhead
opening ratio was increased up
to 30 % to minimize the poten-
tial of cutterhead clogging by
clayey muck expected in the
deluvial sediments and wea-

thered clayshale rock, where
encountering boulders was not
expected.

3.2 Cutters

The cutterheads were factory fit-
ted with seventeen 17" double
disk cutters and four 17" single
gauge disk cutters, however du-
ring the EPBM site assembly the
disks were exchanged for rippers
in response to unexpectedly
weak clayshale, sandstone and
claystone rocks with Uniaxial
Compressive Strength (UCS) of
0.5 to 1.5 MPa, which were en-
countered during the station
adit excavation. The advantage
of the rippers was smaller price
and less weight for manipulati-
on. The rippers performed well,
and their consumption rate was
similar to disc cutters. In abrasive
sandstones the consumption
rate was one gauge cutter per
70 m of excavation. The com-
parison between performances
of the gauge cutters was made
possible by having the ripper
cutterhead on one machine in-
cluding the 4 gauge cutters while
the other machine retained the
disk cutters for the gauge cutters.
The original double bit rippers
were later replaced by single bit
rippers to reduce the cutterhead
torque, however, at the first en-
counter with the thin but hard
and blocky quartzite inclusions
(UCS of 80 MPa) in the claysha-
le, the rippers were damaged.

Table 1 EPBM parameters

Sealing operation pressure [bar] 3.5

Cutting diameter [mm] 6,060 to 6,100
Thrust cylinders quantity [unit] 32.0

Thrust cylinders groups [unit] 5.0

Thrust cylinders stroke [mm] 2,200
Installed nominal thrust [kN] 38,926

Main drive power [kw] 1,200
Nominal torque [kNm] 4,400

Thrust cylinder speed [mm/min] 80.0
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Since then the disk cutters were
used. Compared to sandstones,
in the clayshales the consumpti-
on rate of the gauge cutters was
lower: one cutter per 250 m.The
consumption rate was reduced
even lower with the use of 18"
disk cutters, which resulted in
consumption of one cutter per
350 m.

3.3 Logistics

All the logistics of the materi-
als transport in and out of the
tunnelincluding conveyor belts
for the muck, batching plant,
pumps and piping for the grout
fill,and MSV vehicles for the seg-
ments transport were designed
to enable the EPBMs to work in
the full capacity of 30 m/day (20
rings/day).

The use of conveyor belts
increased the work safety and
continuity of the transport
operations especially in the
circular launch shaft of 22 m
in diameter, where handling
of the muck trains of the 2 si-
multaneous EPBM operations
would be slow and dangerous.
With the conveyor belts trans-
porting the muck directly to the
surface, only one tower crane
was required for loading the
segments on MSVs, in addition,
the segment transport gained
independence from the muck
transport, which made savings
in using only 2 MSVs per tun-
nel. At the launch shaft, the joint
conveyor belt (800 mm wide)
for both EPBMs transported
the muck through the tunnel
adit to the surface deposit. At
the intermediate shaft, the 2
EPBM conveyor belts (650 mm)
transported the muck from the
pit bottom to the surface in an
inclination of 17°.

MSV vehicles were also an
important addition to the work
safety thanks to their short brea-

king distance and good mano-
euverability of independent
2 axle steering, which was im-
portant in tight working spaces
of the underground. The MSVs
had output of 147 kW, capacity
of 17.5 t, and maximum speed
of 16 km/h.

3.4 Segmental Lining

The segments were prefabri-
cated by the Doprastav a.s. in
their Slovakian plant, which in
the cold production rate was
able to output 9 rings/day. Nine
stationary formwork sets equip-
ped with external vibrators were
served by a crane transporting
concrete in containers. The con-
crete hardened for 16 hours in
the ambient temperature of the
production hall without any ad-
ditional heating except for winter
time when the hall was heated
up to 16° Celsius. Reinforcement
cages were welded from single
steel bars.

The 5+1 ring configuration
of the universal rings with 15
mm taper on both sides (total
30 mm) accommodated conve-
niently the minimum horizontal
curvature of 640 m with a reser-
ve for a 300 m recovery radius.
The inside diameter was 5.3 m,
the thickness 250 mm, and the
width 1.5 m.

The contact at the circumfe-
rential joint between the rings
was cushioned by the hard
board plates, and fastened by
16 screw connections in cor-
respondence to 16 thrust rams,
which resulted in 16 available
positions of the key segment in
the ring assembly. The longitu-
dinal joints of the key segment
included guiding rods, and the
segments were waterproofed
with the neoprene gaskets
Phoenix M 385 96.

The amount of steel reinforce-
ment of 105 kg/m? represented
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the reinforcement ratio of 0.5 %
including both compression and
tension bars.

Measures were taken to avoid
chipping of the segment edges
by keeping the ram plates at
a distance bigger than 50 mm
from the segments edges, which
corresponded to the minimum 50
mm cover of the steel reinforce-
ment prescribed by fire resistance
criteria. The ram plates contact are-
as were optimized for the thrust
pressures not to exceed 23 MPa
under the maximum EPBM ram
force of 2432 kN (hydraulic pressu-
re of 320 bar in the cylinders).

Attention was paid to the po-
tential of the concrete bursting
induced by tensional stresses ge-
nerated under the thrust plates
of the EPBM rams. The impact of

the ram loading was modeled in
a 3 dimensional numerical mo-
del including an explicit model
of the steel reinforcement cage,
and was confirmed by an ex-
perimental laboratory testing.
Both models numerical and ex-
perimental showed more than
sufficient segments concrete
resistance to bursting, as their
results concurrently reported
appearance of the first negligible
cracks of 0.01 mm at the 100 %
pressure of the maximum design
thrust (2432 kN), appearance of
the significant cracks of 0.15 mm
atthe 200to 210 % pressure, and
cracks running through the seg-
ment 250 mm width at 220 to
230 % of the maximum design
thrust. Segment collapse was
achieved at the 250 to 330 %.
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a) Cluster cracks

b) Random single cracks

Two types of the cracks were observed in segmental lining

4 EPBM Tunnelling
Challenges

Design and preparation works
during the EPBM pre-production,
production and assembly phases,
which included staff training of
the future EPBM operators and
technical supervisors contribut-
ed to timely start and finish of
the EPBM excavations. Few chal-
lenges that were encountered
during the drives and that could
hinder the continuous advances
were effectively tackled by the
site workers, which indicated a
successful adoption of the EPBM
technology.

4.1 EPBM Impact on Segments
The first segmental rings installed
immediately after launching the
EPBMs contained cracks, which
would not be unusual for any

TBM launch, however the cracks
kept appearing also in the rings
during advanced excavations, in
which the segments were already
properly embedded in the grout
fill. The segments cracking got a
lot of attention, which led to an
investigation of the cracks origin.

Two types of the cracks were
distinguished: a) Cluster cracks
—agroup of up to 4 cracks, which
were running across the full 1.5
m segment width, and were
persistently appearing at one
location of the ring for a distan-
ce of tens of tunnel meters, b)
Random single cracks — a single
crack in the middle of the seg-
ment (Fig. 8).

The crack types had in com-
mon several features that could
point out their origin: the hair-
line thickness of less than 1 mm;

Metro Prague Czech Republic

Tunnel 8/2012

none or minimum groundwater
leak; the inception of the cracks
within the tailskin, while the
ring was still being pushed by
the thrust rams; the thrust ram
forces operating at less than 100
bar (less than one third of the
maximum design pressure); the
cracks orientation in parallel with
the tunnel longitudinal axis.
The investigation revealed
that the source of the cluster
cracks was the inward bending
of the ring in transverse section,
which was induced by the con-
tact pressure of the tailskin (Fig.
9). When bended the cracks
opened on the inside surface of
the segment, then after leaving
the tailskin the cracks closed. For
the tailskin envelope to push on
the ring, the 30 mm tolerance
gap between the tailskin and the
ring was exceeded, which was
achieved by a combination of se-
veral factors: deformation of the
tailskin; inclination of the tailskin
(tailskin drift); ring deformation
(elliptical ovalization); diversion
of the ring from the excavated
alignment (wrong selection of
the ring orientation). However,
none of those factors alone
could lead to such a tight con-
tact with the tailskin to crack the
segments, but their combination
could, as it was observed several
times during excavation, when

9

Source of the cluster cracks was the contact pressure of the tailskin

cracked rings stretched over a
70 m distance.

The solution was sought in
eliminating the segment diver-
sion, which would also reduce
the impact of tailskin inclination.
The VMT GmbH facilitated an in-
put of a“drift"parameter into the
segment selection procedure,
which determined the key stone
orientation for the next ring in-
stallation. The drift parameter
corrected the ring position by
making it parallel with the exca-
vated alignment rather than with
the inclined tailskin (Fig. 10).

The single cracks were typi-
cally originated from the niche
of the screw connector in the
middle of the segment, and ex-
tended diagonally or parallel but
seldom reaching across the full
1.5 m width of the segment.

The source of the random
cracks was the longitudinal ben-
ding of the segments, which re-
sulted from an uneven circumfe-
rential joint plane support of the
previous ring caused by non-uni-
form compression of the contact
hard board plates (Fig. 11).

Although each ring assembly
was sufficiently precise with the
segment edges well aligned, the
differential loading of the 5 ram
groups led to the non-uniform
compression of the hard board
plates during the excavation
cycle.

Segments that were not sup-
ported along the entire length be-
came typically bended by the grip
of the 3 thrust plates acting on one
segment, which consequentially
cracked the segment usually in the
middle and with the crack running
open through the entire segment
thickness of 250 mm.

The unevenness of the rings
was minimized by replacing
the compressible 3 mm hard-
board plates by thinner T mm
hardened PVC plates.
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10

Correction of the rings inclination by the drift parameter

11

The source of the random cracks was uneven ring support caused by the non-
uniform compression of the contact hard board plates

4.2 Walks and Starts in Under-
ground Stations

Three underground stations,
one intermediate open pit, and
one underground cavern for

ventilation room represented
an interruption for the EPBM
excavations.

The 2 EPBMs had to walk 5
times through those under-

a) Steel cradle in a curve prepared for the shield in the intermediate shaft
The steel cradle was easy to adjust to required directions, and could be universally used to support both the 6 m diameter shield, and the wheeled gantries
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ground spaces and had to be
restarted 5 times to resume ex-
cavations.

Inventing a system of cradle

supports, and designing a bra-
cing frame for tight underground
space which would be reusable,
economic, flexible to modifica-
tions, and quick to assemble, was
a challenge.
In compliance with those speci-
fications, the site engineers desi-
gned a set of prefabricated and
unitized steel supports, which
could be universally used to
support both the 6 m diameter
shield, and the wheeled gantries.
After the EPBM passed through
the station the supports were
dismantled and were re-used
in the next station. The steel cr-
adle was quick to assemble and
disassemble, and easy to adjust
to required directions and sha-
pes (Fig. 12).

For the initial EPBM start from
the launch shaft a massive beam
frame was procured from Her-
renknecht (Fig. 13). The same
frame was used again in the in-
termediate pit for the re-start of
both EPBMs, however the frame
would not fitin the underground
station drifts, and could not be
assembled behind the shield
since most of the space was oc-
cupied by the EPBM.

A suitable bracing would be the
one whose major portion could
be installed before the shield ar-
rival, and by the time the shield
was ready to bore, the bracing
frame was capable of taking the
load from the EPBM.

The selected bracing system
consisted of a steel collar concre-
ted and bolted into the primary
lining at the neck of the 10 m
launching chamber (Fig. 14).
The collar was installed in an
advance of the shield entering
the chamber, which would leave
sufficient time for the collar con-
crete to harden. Then behind the
shield the steel reaction blocks
were promptly welded onto the
steel collar. The bracing system
reduced the EPBM start time,
however, provided much less
reaction force than the beam
frame, due to the low tensile be-
aring capacity of the lining and
the rock. Low start force could be
a major drawback if the force was
required to prevent the machi-
ne from diving. The EPBMs were
however equipped with the shift
plate installed under the front
shield, which safeguarded the
bore against diving.

4.3 Two-Component Grouting
The decision to adopt the two-
component grouting system

b) The same cradle to support the gantries
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Massive bracing frame for EPBM start in the circular

launch shaft

for the EPBM excavations was
based on the presumed mini-
mum maintenance for cleaning
the grout pipes, which relied on
the system ability to control the
time of grout hardening.

Thanks to the composition
of the grout, Component A,
the grout remained liquid for
minimum of 72 hours but after
mixing it at the right time and
at the right place with accelera-
tor, Component B, it would set
rapidly in its destination place,
which was the space between
the lining and the ground. Com-
ponent A composed of 300 kg
of cement, 35 kg of bentonite,
8 kg of plasticizer,and 811 kg of
waterin 1 m?was mixed with the
Component B, which was 7 % of
sodium silicate.

In addition, the prolonged li-
quidity allowed the grout to be
transported in the pipes from
the surface batch plant directly
to the EPBM tank, which mini-
mized grout handling opera-
tions. Component B (accelerator)
was transported in containers by
MSV and transferred to the TBM
tank by pumping.

The initial experience with
the grout was however not as
expected, the EPBM tailskin
grout lines clogged and because
of that the excavations suffered

from delays caused by frequent
cleaning of the lines.

At the beginning of excava-
tions, the clogging could have
been explained by the learning
curve, and by the stop and go
excavation progress due to sticky
muck problems, which led to low
grout flows, and to high poten-
tial of settling. Nonetheless, the
problems with grout clogging
were still persistent also after the
machines achieved continuous
excavation advance rates of 30
to 40 mm/min.

On average, the cleaning re-
quired minimum of 4 hours of
tough hammering and drilling
through hard grout in a frequen-
cy of every 2 days. The hard grout
was deposited mainly in the 1.2
m long pipe, which transported
the 2 mixed components from
the mixing chamber to the tail-
skin end.
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Bracing for EPBM start in underground station consisted of a steel collar and

reaction blocks

The situation improved signifi-
cantly after a synthetic flexible
hose was attached to the sodium
silicate line, and extended from
the mixing point in the midst of
the tailskin to the tailskin end
and out of the tailskin pipe (Fig.
15). By mixing the components
outside the tailskin the potential
for grout hardening inside the
tailskin pipes was minimized. Ne-
vertheless periodic maintenance
was still required although the
cleaning required much less ef-
fort and less time.

As the excavation progressed
the two-component grouting
confirmed other advantages
that were associated with the
system: immediate ring support,
especially in high groundwater
inflows, which did not wash out
the grout mix after the gel time;
minimal grout migration to the
cutterhead in the open mode of

15

A flexible hose was attached to the sodium silicate line to extend the mixing
point of the 2 components to the tailskin end

excavation. To comply with the
basic principle of the time con-
trol of the grout hardening, the
grout recipe complied with the
following strength parameters, the
gel time of 6 to 10 sec, the 3 hour
compressive strength of 0.06t0 0.3
MPa, and the 28 day compressive
strength of 1.0to 1.5 MPa.

4.4 Sticky Ground

The soft clayshale was a rock
favourable for cutting, with low
abrasion, and good penetrations
under a low cutterhead thrust.
However, the clay fines, which
originated from the fragmen-
tation of the clayshale, turned
the muck into a sticky material,
which clogged the cutterhead
and stopped the EPBM. To free
the cutterhead and transport the
muck from the excavation front
to the EPBM chamber, a balan-
ced mix of foam and water had
to be pumped to the cutterhead
to suit given geology and under-
ground water inflows.

In the planning stages the
rock was expected to disinteg-
rate into a cohesionless muck
containing some fines and lar-
ger amount of hard rock chips
produced by the disk cutters.
Instead, the amount of clay fines
was sufficient to make the muck
a cohesive material when mixed



34

Metro Prague Czech Republic

16

The clayshale rock was transformed into a mud by large quantities of water

added to the cutterhead

with either the groundwater or
with the foam.

Thus the clayshale rock was
continuously transformed into
a mud, which required special
deposit sites, while the excava-
tions consumed large quantities
of water (10 to 16 m* per 1.5 m
of advance) that was injected to
the cutterhead contained in the
foam, and separatly in an addi-
tional water channel. (Fig. 16).
The reason for the muck sticki-
ness and the cutterhead clog-
ging was the clay fines content
of more than 30 %, which was
produced in the softer than ex-
pected rock, while the high wa-
ter consumption was due to the
clayshale natural water content
of 5to 7 %.

The initial EPBM drive of the
first 75 m attempted to produ-
ce a “dry” cohesionless muck

Table 2 Average excav

Petriny and Veleslavin

ion parameters of S61

without foams and without
additional water, which would
eliminate the problems with
handling a depositing the sticky
muck (Fig. 17). However that was
possible only in the rock with
none or minimum ground wa-
ter seepage. The effort to keep
the muck dry failed with the
variable groundwater ingress.
The crews had to fight either
the stiff clayey chunks overloa-
ding the screw conveyor or the
muck slurry, which poured from
the belt on the tunnel floor after
the cutterhead was filled with
groundwater during a stand-
still. Besides the screw conveyor
clogging the excavation was also
stopped when in front of the cut-
terhead the sticky muck formed
a stiff cake at the cutterhead
center, which prevented cutters
penetration into the rock. A full

in clayshale between

FIR [%] 50to 70

FER [ 2to4

Tensid concentration (SLF 30) [%] 13to15
Advance speed [mm/min] 40 to 55
Cutterhead speed [rev/min] 3.8t04.3
Penetration [mm/rev] 10to 14
Cutterhead thrust [kN] 2000 to 6000
Cutterhead torque [MNm] 1.0t02.0
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An initially good result of the “dry” muck production attempt, which failed
after 75 m with the ingress of the groundwater and generation of sticky muck

stop to excavation took place
when the muck finally plugged
all the cutterhead openings, and
no muck could be transported
from the face. After 75 m of exca-
vation it became clear that exca-
vation in the ‘dry mode”was not
possible in the given conditions.
Therefore, the operators started
to pump foams and additional
water into the cutterhead.

A suitable mix of the foam
and the additional water mini-
mized the muck stickiness and
produced a transportable plas-
tic muck. The foam parameters
and the water quantity had to
be changed along with the ge-
ologic profile variations. Thus the
operators had to pay attention
to the muck consistency, and at
the same time watched the cut-
terhead parameters. The average
values characterizing the excava-
tions with the disk cutters in the
Metro V.A. clayshales were listed
in Table 2.

5 Conclusion

In spite of the excavation inter-
ruptions by the stations, and in
spite of the delays caused by
the tuning of the EPBM drives
in response to variable geolo-
gic conditions, the excavations
were completed on time, which
confirmed that the EPBM tech-
nology was well adopted for the
Prague subway extension.
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Niederlande The Netherlands

Tunnel A2 Maastricht:
Grundwassermanage-
ment mit DSI-System

Grundlage des Integrationsprojektes A2 Maa-
stricht ist ein ca. 2300 m langer Doppelstock-
Tunnel, durch den 80 % des heutigen Stral3en-
verkehrs unterirdisch verlaufen soll. Oberirdisch

wird eine begriinte und verkehrsberuhigte Zone

entstehen.

Das Projekt

Die heutige A2 geht bei Maa-
stricht in die N2 iber und der
gesamte StralBenverkehr durch-
quert dann das Stadtgebiet
von Maastricht/NL. Die durch
die grofRen Ampelkreuzungen
hervorgerufene Verkehrsver-
langsamung fihrt zu einer
Belastung der Anwohner und
wirkt sich als VerkehrsfluBbar-
riere zwischen den Stadtteilen
aus. Das Integrationsprojekt
A2 Maastricht ,De Groene Lo-
per” mochte diese Situation
andern. Grundlage des Pro-
jektes ist ein ca. 2300 m langer
Doppelstock-Tunnel, durch den
80 % des heutigen Strallenver-
kehrs unterirdisch verlaufen
soll. Oberirdisch wird eine be-
grunte und verkehrsberuhigte
Zone entstehen. Planung und
Ausfiihrung des Projektes liegt
in den Handen der Baukoope-
ration Avenue2, einer Arbeits-
gemeinschaft bestehend aus
Ballast Nedam und Strukton
(Bild 1).

Vorgesehen ist, den Tunnel
in offener Bauweise herzustel-
len. Die Baugrube selbst wird
ca. 16 m tief und bis auf weni-
ge Ausnahmen 30 m breit. Die
Waénde der Baugrube werden
mit in Beton/Bentonit-Schlitz-
wanden gestellten Spundwan-
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Tunnel A2 Maastricht:
Groundwater Manage-
ment with DSI System

The basis for the A2 Maastricht integration
project is represented by an approx. 2,300 m
long double-deck tunnel through which 80 %
of the present road traffic is to flow. A green
and traffic-calmed zone is to be created on the

surface.

Alex Meijer, Niederlassungsleiter Niederlande der Holscher Wasserbau

GmbH, Haren/D

Gunter Borchert, Projektleiter Fachbereich International Hélscher Wasserbau

GmbH, Haren/D
www.hoelscher-wasserbau.de

den, die wiederumin 3 Ebenen
mit Gurten und Rohren aus-
gesteift sind, hergestellt. Die
Grundwasserabsenkung sowie
die Reinfiltration und das ge-
samte Grundwassermanage-
ment werden durch das Nieder-
landische Tochterunternehmen
der Holscher Wasserbau GmbH,
der Reinders-Wessemius B.V.,
ausgefuhrt (Bild 2).

The Project

The present A2 reverts to the
N2 at Maastricht with the enti-
re road traffic passing through
the urban area of Maastricht/NL.
Traffic is considerably hampered
by the many intersections with
traffic lights causing nuisance to
local residents and holding up
the flow of traffic between the
parts of the city. The integration

Darstellung des Doppelstocktunnels nach Fertigstellung

Presentation of the double-deck tunnel after completion

project A2 Maastricht"De Groene
Loper”is intended to alter this si-
tuation. The core of the project is
a roughly 2,300 m long double-
deck tunnel through which 80 %
of today’s road traffic will flow un-
derground. A green and traffic-
calmed zone is to be created on
the surface. The project is being
planned and executed by the
Avenue2 JV comprising Ballast
Nedam and Strukton (Fig. 1).

[tisintended to build the tun-
nel by cut-and-cover. The exca-
vation pit itself will be approx.
16 m deep and with a few ex-
ceptions 30 m wide. The pit walls
will consist of concrete/bento-
nite diaphragm walls, braced
by ties and propping at 3 levels.
Groundwater lowering as well
as reinfiltration and the entire
groundwater management are
undertaken by the Dutch subsi-
diary of the Holscher Wasserbau
GmbH, the Reinders-Wessemius
B.V. (Fig. 2).

Ground Structure/
Geology

The composition of the soil in
Maastricht, especially for this
project, greatly differs from the
composition of the soil else-
where in the Netherlands. An
approx. 8 m thick gravel layer is
located beneath the surface lay-
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Grundwassermanagement

Luftbild auf einen Teil der ausgesteiften Baugrube

Aerial shot of a part of the braced excavation pit

Baugrundaufbau/
Geologie

Die Bodenbeschaffenheit in
Maastricht, insbesondere bei
diesem Projekt, unterscheidet
sich sehr zu den Bodenbe-
schaffenheiten in den restli-
chen Niederlanden. Unter der
Oberbodenschicht aus Mut-
terboden, Ton und Lehm von
2 bis 4 m Dicke kommt eine
Kiesschicht mit einer Dicke von
ca.8 m. Darunter befindet sich
eine kluftige Kalksteinschicht,
die nicht durchértert wird.

Im Rahmen der Planung des
Projektes wurden umfangreiche
Bodenuntersuchungen ausge-
fUhrt. Zahlreiche Bohrungen
wurden abgeteuft und der
Boden im Labor untersucht.
Sondierungen verschiedenster
Art, seismische Tests, Probegra-
bungen, Tracer Tests, Pumpver-
suche etc. wurden durchgefiihrt.

Alle Untersuchungen hatten das
Ziel, bereits im Planungsstadium
eine mdglichst hohe Ausfiih-
rungs- und Planungssicherheit
zu gewahrleisten.

Die Bodenuntersuchungen
haben ergeben, dass eine rela-
tiv hohe Unsicherheit beziig-
lich der Festigkeit des Kalk-
steins besteht. Die Stabilitat
der Baugrubenwédnde wird
maf3geblich durch die Festig-
keit des Kalksteins bestimmt.
Um dennoch eine technisch
verantwortungsvolle und
okonomisch realisierbare Pla-
nung der Baugrube zu erzielen,
wurde beschlossen eine Uber-
wachungsmethode bei diesem
Projekt anzuwenden, d.h. die
Baugrubenwande durch Mes-
sungen verschiedenster Art
wahrend der Ausfiihrung zu
beobachten und bei Uber-
schreitung von vorher festge-

Groundwater Management

er consisting of top soil, clay and
loam — roughly 2 to 4 m thick.
Underneath there is a fissured
limestone layer, which will not
be penetrated.

Within the scope of planning
the project extensive soil inves-
tigations were carried out. Nu-
merous boreholes were drilled
and the soil analysed in the lab.
Various kinds of probes, seismic
tests, trial digs, tracer tests, pump
trials etc. were undertaken. All
these investigations were aimed
at attaining the utmost execu-
tion and planning safety at the
planning stage.

The soil investigations re-
vealed that there is relatively
high uncertainty regarding the
strength of the limestone. The
stability of the excavation pit
walls is largely governed by the
strength of the limestone. It was
decided to apply the observa-
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tion method for this project to
nonetheless arrive at technically
responsible and economically vi-
able planning for the excavation
pit. This means that the pit walls
are observed during execution
by measurements of various
kinds so that the bracing of the
ground can be improved should
previously determined limits be
exceeded.

Groundwater
Management System
The degree of moisture repre-
sented a decisive factor for the
strength of the limestone. Dry
limestone is substantially stron-
ger than the wet variety. As a
result continuous dewatering of
the limestone is required to su-
stain the excavation pit walls. A
special monitoring system was
established for monitoring the
groundwater drainage, which
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legten Grenzwerten die Aus-
steifung oder den Baugrund
nachzubessern.

Grundwassermanage-
mentsystem

Ein entscheidender Faktor fir
die Festigkeit des Kalksteins
war der Feuchtigkeitsgrad. Tro-
ckener Kalkstein ist wesentlich
fester als nasser. Aus diesem

3

Aufbau der Grundwas-

sermanagementanlage
Zur Grundwasserabsenkung
und zur Entwasserung des Kalk-
steins wurden Uber die Lange
des Tunnels 520 Brunnen bis in
Tiefen von 32 m gebohrt. Die
Brunnen wurden so angeord-
net, dass sie wahrend der Arbei-
ten am Tunnel und der notwen-
digen Umsteifung der Gurte

Tunnel 8/2012

provides the groundwater le-
vels, the water pressure, the
amount of water as well as the
discharge amount as well as
other parameters in real time.
If corresponding limit values are
exceeded or fallen short of an
alarm is triggered via an online
system. The Reinders-Wessemi-
us B.V. assures alarm response
within 15 minutes.

Der Liebherr LB 16 von Holscher Wasserbau bei der Herstellung der Brunnenbohrung

The Liebherr LB 16 of Holscher Wasserbau during well drilling

Grund ist eine kontinuierliche
Entwasserung des Kalksteins
far die Haltbarkeit der Bau-
grubenwande essenziell. Fir
die Uberwachung der Grund-
wasserabsenkung wurde ein
spezielles Monitoring System
aufgebaut, welches in Echtzeit
die Grundwasserstande, den
Wasserdruck, die Wassermenge
und auch die Einleitungsmen-
ge sowie weitere Parameter
Ubertragt. Im Falle einer Uber-
oder auch Unterschreitung von
entsprechenden Grenzwerten
wird Uber eine Telenot-Anlage
Alarm ausgeldst. Die Reinders-
Wessemius B.V. sichert eine
Alarmbereitschaft innerhalb
von 15 Minuten zu.

nicht umgebaut oder angepasst
werden mussen (Bild 3).

Das abgepumpte Wasser
sollte zum Schutz des Grund-
wassers, der angrenzenden
Bebauung sowie zum Schutz
der Flora und Fauna wieder
im direkten Umkreis der Bau-
stelle infiltriert werden. Von
der Reinders-Wessemius B.V.
wurden hierflr in 14 Versicke-
rungsfeldern ca. 1500 Infiltrati-
onslanzen eingespiilt, diein der
Lage sind ca. 80 bis 100 % des
abgepumpten Wassers wieder
in den Baugrund zu infiltrieren.
Bei dieser Technik handelt es
sich um die sogenannte DSI®-
Technik, die in ganz Europa mit
Patenten geschiitzt ist.

Setup of the Ground-
water Management
System

For lowering the groundwater
and draining the limestone 520
wells ranging down to 32 m
in depth were drilled over the
length of the tunnel. The wells
were set up in such a manner
that they did not have to be
modified or adjusted during
activities in the tunnel and the
necessary bracing of the ties
(Fig. 3).

In order to protect the
groundwater, the surrounding
buildings and the flora and fau-
na, the pumped ground water
had to be reinfiltrated within the
direct vicinity of the construction

site. Towards this end the Rein-
ders-Wessemius B.V. installed
around 1,500 infiltration well
points in 14 fields, capable of
reinfiltrating some 80 to 100%
of the pumped ground water
back into the ground. This in-
volves DSI® technology, which
is patented throughout Europe.

Drilling Method
Casing drilling was selected as
the method employed. The Lieb-
herr LB 16 deployed by Holscher
Wasserbau is able to produce
drillholes with diameters of 1,200
to 2,000 mm depending on the
soil with a torque of 16 tm with
extended drilling bench (Fig. 4).
750 mm diameter holes were
drilled to a depth of 32 m in
Maastricht. The solid limestone
caused considerable wear to the
cutters. Holscher Wasserbau was
able to recover and strengthen
the drilling tools in its own
workshop in an extremely short
time so that no delays resulted
from these unforeseen compli-
cations.

DSI® System

Holscher Wasserbau holds the
patent for the DSI® system (jet-
suction infiltration system). This
method enables water to be
infiltrated into the ground in
a substantially more effective
and efficient manner. The Ger-
man geologist Werner Wils has
undertaken intensive investiga-
tions of these processes in water-
bearing soil during recirculation
dewatering. He discovered that
the heterogeneity and hydraulic
resistance of water-bearing soil
exert an even greater influence
on the infiltration of water than
was previously supposed. To-
gether with an infiltration jet a
water-bearing soil consists of
various infiltration points. The-
se points depend on the local
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Bohrverfahren

Als Bohrverfahren wurde das
Trockenbohrverfahren gewahlt.
Die von Holscher Wasserbau
eingesetzte Drehbohranlage
Liebherr LB 16 ist in der Lage
mit einem Drehmoment von 16
tm Bohrungen je nach Boden
im Durchmesser von 1200 mm
und bis zu 2000 mm mit vorge-
setztem Bohrtisch abzuteufen
(Bild 4).

In Maastricht wurden Boh-
rungen im Durchmesser 750
mm bis 32 m Tiefe gebohrt.
Aufgrund des festen Kalksteins
ist es zu erheblichem Verschleif3
der Bohrkronen gekommen.
Holscher Wasserbau konnte in
eigener Werkstatt die Ausbes-
serungen und Aufpanzerungen
der Bohrwerkzeuge in sehr kur-
zer Zeit realisieren, so dass es
zu keiner Terminverzégerung
aus diesen unvorhergesehenen
Komplikationen kam.

DSI®-System

Holscher Wasserbau ist Patent-
inhaber fur das DSI®-System
(Disensauginfiltration-Sys-
tem). Diese Methode ermog-
licht es, Wasser wesentlich
effizienter und effektiver in
den Boden zu infiltrieren. Der
deutsche Geologe Werner Wils
hat intensive Untersuchungen
zu den Prozessen in einem was-
serfiihrenden Boden wahrend
einer Ruckfihrungsentwasse-
rung ausgefihrt. Er entdeckte,
dass die Heterogenitat und der
hydraulische Widerstand eines
Wasser flihrenden Bodens einen
noch groBeren Einfluss auf die
Infiltration von Wasser haben
als urspriinglich angenommen
wurde. Ein Wasser fihrender
Boden besteht zusammen mit
einer Infiltrationsdise aus ver-
schiedenen Infiltrationspunk-
ten. Diese Punkte sind nicht
nur von der ortlichen Durch-

lassigkeit abhangig, sondern
auch von der zu bewegenden
Wassermasse. Sowohl Einstein
als auch Newton beschreiben
den ,Impuls” Ein Impuls wird
als Geschwindigkeit x Masse
definiert. Fiir Grundwasser er-
gibt sich dadurch die folgende
Formel (Bild 5):
Grundwasserimpuls = Stro-
mung (Durchldssigkeit) [m/sec]
x Masse [kg]

Wenn man Wassermolekiile
mit einer hohen Geschwindig-
keit auf bereits vorhandene
Wassermolekdile treffen lasst,
entsteht eine pulsierende Be-
wegung. Dieser Effekt ist auch
als Wellenbewegung bekannt.
Tatsachlich findet eine Ver-
schiebung von Energie statt.
Dies bedeutet, dass die Infilt-
ration von Wasser nur moglich
ist, wenn die Ubertragung von
Energie gelingen kann. Laut
den Theorien von Wils ist dies
ausschlieBlich in den soge-
nannten Infiltrationspunkten
eines Wasser flihrenden Bodens
maoglich. In diesen Infiltrations-
punkten ist die Situation ideal
fir die Energielibertragung.
Dies bedeutet, dass nicht der
ganze Wasser flihrende Boden
fur die Infiltration geeignet ist.
Maochte man eine Wassermen-
ge zurlick in den Boden fiihren,
muss zuerst der Infiltrations-
punkt fir diese Wassermenge
bestimmt werden. Der Trans-
port des Grundwassers findet
nur in natdrlicher Stromungs-
richtung des Grundwassers
statt. Dadurch erkldrt sich auch,
warum konventionelle Schluck-
brunnen mit wechselndem Er-
folg angewandt worden sind
und noch heute angewandt
werden. Manchmal wird ein
Infiltrationspunkt zufallig ge-
funden, aber manchmal eben
auch nicht. Dartber hinaus
wird das Infiltrationsfeld nicht
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permeability as well as the
amount of water to be moved.
Both Einstein and Newton de-
scribe the “impulse” An impulse
is defined as speed x mass. This
results in the following formula
for groundwater (Fig. 5):
Groundwater impulse = flow
(permeability) [m/sec] x mass
(kal

If water molecules are allo-
wed to encounter already exis-
ting water molecules at high
speed, a pulsating movement is
created. This effect is also known
as wave motion. Energy is in fact
displaced. This signifies that the
infiltration of water is only pos-
sible if energy can be transferred.
According to the theories by Wils

Herstellung der Brunnenbohrung

Drilling of wells

LANZ — die sichere Kabelfihrung fur
Metro-, Bahn- und Strassentunnel zu
international konkurrenzfahigen Preisen:

LANZ Produkte fir den Tunnelbau sind 3-fach geprift
1. auf Erdbebensicherheit SIA 261 Eurocode 8 (EMPA)

2. auf Schocksicherheit 1 bar Basisschutz (ACS Spiez)

3. auf Funktionserhalt im Brandfall 90 Minuten (Erwitte)
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Leuchten, Schildern.

Fir die Stromversorgung in Tunnel 3-fach gepruft sind:

@ die LANZ HE Stromschienen/Schienenverteiler IP 68
400-6000 A. 4-, 5- und 6-Leiter Alu und CU. Korrosionsfest
giessharzvergossen.

Risiken vermeiden. Sicherheit erhéhen. LANZ montieren.

Rufen Sie LANZ an fiir Referenzen, Beratung, Muster und Offerten:
lanz oensingen ag CH-4702 Oensingen Tel. 062 388 21 21

CH-4702 Oensingen Sudringstrasse 2
Telefon 062 388 21 21 Fax 062 388 24 24
www.lanz-oens.com

|a| 0 4Ianzoensingenag
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Prinzipskizze der Funktionsweise des DSI®-Systems

Principal of functioning of the DSI® system

gema Stromungsrichtung des
Grundwassers ausgewahlt. Aus
diesen Griinden kann die Auf-
nahmekapazitdt einer traditi-
onellen Rickflussquelle stark
variieren.

DSI®-Infiltration

Das DSI®-System besteht aus
der Ermittlung des richtigen
Infiltrationspunktes und der
Methode zur Auslosung des
Impulses. Die patentierte Tech-
nologie heif3t DSI® (Disensaug-
infiltration, auch Elementar-
welleninfiltration genannt).
Indem Filter am richtigen In-
filtrationspunkt angebracht
werden treten glinstige Umge-
bungseffekte auf. So steigt das
Grundwasser nicht unkontrol-
liert an, sondern in Bezug zur
naturlichen Strémungsrichtung
stromungsaufwadrts. Der Grund
dafiirist, dass durch die Impuls-
wirkung das natdrliche Grund-

wasser einen Umweg um das
Infiltrationsfeld machen muss.

Die Tests und inzwischen
auch die Praxis auf vielen Bau-
stellen haben ergeben, dass
durch die Anwendung von DSI®
in kurzem Abstand zur Baustel-
le und Baugrube weniger Was-
ser entzogen werden muss und
die Infiltration ohne negative
Beeinflussung der Baugrube
und des Absenkzieles funkti-
oniert. Diese Feststellung wi-
derspricht vollig der Denkrich-
tung der heutigen Hydrologie.
Trotzdem kdnnen wir dies mit
Beispielen aus der Praxis bewei-
sen. In Versuchsfeldern wurde
ein Entzugssystem mit Drai-
nagen angelegt. Aus diesen
Drainagen wurde einige Tage
Wasser gepumpt um zu seh-
en, welche Senkung méglich
ist. Dieses Wasser wurde Uber
die vorhandene Kanalisation
abgefiihrt. Anschlieend wur-

this is solely possible at the so-
called infiltration points of a
water-bearing soil. The situation
for transferring energy is ideal at
these infiltration points. This si-
gnifies that the complete water-
bearing soil as such is unsuitable
for infiltration. If one wishes to
return a quantity of water back
into the soil, then the infiltration
point for this quantity of water
must first be determined. The
groundwater is only transported
along its natural direction of flow.
This also explains why conventi-
onal infiltration wells are applied
with varying success and are still
applied today. Sometimes an in-
filtration point is found by chance
but sometimes not. Furthermore
the infiltration field is not selected
according to the groundwater’s
direction of flow. For these rea-
sons the absorption capacity of
a traditional return source can
strongly vary.

DSI® Infiltration

The DSI® system involves deter-
mining the correct infiltration
point and the method to trig-
ger the impulse. The patented
technology is known as DSI® (jet
suction infiltration or elemen-
tary wave infiltration). Through
placing filters at the correct in-
filtration point favourable sur-
rounding effects are created. As
a result the groundwater does
not rise in an uncontrollable
fashion but flows upwards in
keeping with the natural direc-
tion of flow. The reason is that
the natural groundwater has to
bypass the infiltration field as a
result of the impulse effect.

In the interim, these tests
have been applied in practice
on many construction sites with
the outcome that less water has
to be removed thanks to DSI®
being used at a short distance
from the site and excavation
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de eine Reinfiltration installiert.
Das entzogene Wasser wurde
zu 100 % in den Boden zuriick-
gefuhrt. Auffallig war, dass der
Entzug um ca. 20 % riicklaufig
war, wahrend die Senkung si-
gnifikant zugenommen hatte.
Stromaufwarts stieg der Grund-
wasserstand wahrend dieser
stromabwarts sank.

Inzwischen wird DSI® in
Deutschland und in ganz Euro-
pa an mehr als 100 Orten er-
folgreich angewandt. So auch
in Maastricht beim A2 Projekt.
Da DSI® sehr nahe an der Bau-
stelle installiert werden kann,
ist dies fast Uberall insbeson-
dere innerstadtisch anwend-
bar.

DSI® ist mit jeder Art der
Grundwasserabsenkung kom-
binierbar. Der groRe Vorteil ist
hierbei, dass fur das Projekt
die richtige Grundwasserab-
senkungsmethode gewadhlt
werden kann, zum Schutz von
Bebauung, Flora und Fauna.
Dariiber hinaus reduziert man
die notwendige Wasserent-
nahme. Weniger Wasserentzug
bedeutet gleichwohl weniger
Wasserriickfluss. Die Folge ist
eine geringere Beeinflussung
der Umgebung.

In Maastricht wird das DSI®-
System mit Erfolg verwendet.
Derzeit werden ca. 95 % des
anfallenden Wassers infiltriert.
Dies gilt nicht nur fiir das Was-
ser der Tiefbrunnen sondern
auch fur das Wasser des of-
fenen Entwasserungssystems
der Baugrube.

Zusammenfassung und
Ausblick

Bei dem Grof3projekt A2 Maa-
stricht ist ein entscheidender
Punkt zur Durchfiihrung dieses
Projektes das Grundwasserma-
nagement. Dies bedeutet auf der
einen Seite die sichere und effizi-
ente Absenkung und Trockenle-
gung des Kalksteins und auf der
anderen Seite zum Schutz der
anstehenden Bebauung und
zum Schutz der Flora und Fauna
die effiziente Reinfiltration des
gepumpten Wassers und dies
nahezu zu 100 % (Bild 6).

Die Holscher Wasserbau
GmbH und ihre Niederlan-
dische Tochterunternehmung
Reinders-Wessemius B.V. hatten
hierzu nicht nur das notwen-
dige Knowhow bereitgestellt
sondern aufgrund der groRen
Erfahrung das Projekt zum Er-
folg gefiihrt. O

Blick in die Baugrube wéhrend der Erdarbeiten

View of the excavation pit during the earthworks

Groundwater Management
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pit and infiltration functions
without any negative effects on
the site and pit. This fact indeed
entirely contradicts the manner
of thinking of modern hydrolo-
gy. Notwithstanding it can be
backed up through examples
taken from practice. An extrac-
tion system with drainage was
established in test fields. Water
was pumped out of this drainage
system for several days in order
to determine just how much
lowering is possible. This water
was removed via the existing
drains. Then a reinfiltration sys-
tem was installed. 100 % of the
water that had been removed
was returned to the soil. What
became evident was that re-
moval dropped by some 20 %
whereas lowering had increased
significantly. The groundwater
level increased upstream while
it dropped downstream.

In the meantime DSI® has
been applied at more than 100
sites in Germany and throughout
Europe. This also applies to the
A2 project in Maastricht. As DSI®
can be used and installed very
close to the construction site, this
test can be carried out practically
everywhere especially in down-
town areas,

DSI® can be combined with
every form of groundwater
lowering. The major advantage
in this connection is that the
proper groundwater lowering
method can be chosen in order
to protect buildings, flora and
fauna. In addition the amount
of water to be removed is redu-
ced. Less water removal signifies
less water having to be returned.
Consequently the environment
is less affected.

The DSI® system is being suc-
cessfully applied in Maastricht.
Currently approx. 95 % of the
prevailing water is infiltrated.
This not only applies to the water
from the deep wells but also the
water from the public drainage
system for the excavation pit.

Summary and Outlook
Groundwater management
represents a decisive factor for
carrying out the major A2 pro-
ject in Maastricht. This on the
one hand means the safe and
efficient lowering and draining
of the limestone and on the
other the efficient reinfiltration
of pumped water to an amount
of almost 100 % to protect the
existing buildings and the flora
and fauna (Fig. 6).

The Holscher Wasserbau
GmbH and its Dutch subsidiary
Reinders-Wessemius B.V. provided
the necessary know-how for this
purpose as well as successfully
executing the project by dint of
enormous experience. O
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Einschalige Tunnel Single-Shell Tunnels

Hochprazise Tubbinge:
Voraussetzung fiir ein
qualitativ hochwertiges
Tunnelbauwerk in ein-
schaliger Bauweise

Fur einen einschalig mit Tibbingen herge-
stelltes Tunnelbauwerk ist die Genauigkeit der
hergestellten Tiibbinge von groBBer Bedeutung.
Der vorliegende Beitrag befasst sich mit dieser

Problemstellung.

1 Ausgangssituation

Bei der Herstellung von ein-
schaligen Tunnelbauwerken,
aufgefahren im Schildvortrieb,
kommt der MaBhaltigkeit der
Tlbbinge, definiert Gber die
Tubbingtoleranzen, eine sehr
grof3e Bedeutung im Hinblick
auf die erzielbare Qualitat des
Bauwerkes zu (Bild 1).

Diese Maf3haltigkeit hat Einflis-

se auf die

a) Stabilitat und Dauerhaftig-
keit des Tunnelausbaues,

b) Dichtheit des Tunnels gegen
anstehendes Grundwasser,

c) Aufnahme der anstehenden
Ringbelastungen (Erd- und
Wasserdruck, Verpressdri-
cke, Ausbaulasten etc.) und

d) Aufnahme der Vortriebsbe-
lastungen aus der Maschi-
nenfahrt

Die zuldssigen Tubbingtole-
ranzen sind in Deutschland
aktuell fir Eisenbahntunnel in
der Richtlinie 853, Modul 4005
Tubbingausbau, der Deutschen
Bahn (DB Netze AG) und fir
StraBentunnel in einer Richtli-
nie der Bundesanstalt fiir Stra-
Benwesen (BAST) der ZTV-ING,

Tunnel 8/2012

High-Precision

Segments:

Prerequisite for a high-
quality monocoque

Tunnel

The precision of the segments produced are
of great significance for a single-shell segment
tunnel. This report devotes itself to the pro-

blems involved.

Dr.-Ing. Dieter Handke, Gesellschafter/Projektleiter Schildvortriebsverfahren,
IMM Maidl & Maidl Beratende Ingenieure GmbH & Co. KG, Bochum/D

Teil 5, Abschnitt 3 Maschinelle
Schildvortriebsverfahren, zu-
sammengestellt.
Bis vor Erscheinen der DB
Richtlinie DS 853.0019, ,Eisen-
bahntunnel planen, bauen und
instand halten; Modul Ausbau
mit Tibbings” im Jahre 1993
gab es in Deutschland keine
detaillierten Toleranzanfor-
derungen an die Herstellung
der Tibbingelemente. Diese
Richtlinie der Deutschen Bahn
bildete die Basis fiir alle spater
folgenden Toleranzanforde-
rungen in Tubbingausschrei-
bungen, sowohl fiir Eisenbahn-
als auch StraBentunnel. Die ab
1. Juni 2002 Uberarbeitete DS
853, jetzt als Ril 853 bezeich-
net, hat diese Vorgaben, die bis
dato Bestandteil und giiltige
Vorgaben fiir die Planung von
Tubbingtunneln darstellen, im
Wesentlichen ibernommen.
Dies trifft grundsatzlich auch
fur die Fortschreibungen, ak-
tuell mit Stand vom 1. Marz
2011, zu.

Der vorliegende Beitrag
gibt nach einem historischen

1 Starting Situation
When producing single-shell
tunnels excavated by shield,
the dimensions of the segments
- defined by the segment tole-
rances, are of enormous signifi-
cance regarding the attainable
quality (Fig. 1).

The dimensional accuracy influ-

ences the

a) stability and sustainability of
the tunnel lining

b) the tunnel’s tightness against
prevailing groundwater

) acceptance of the prevailing
ring loads (earth and water
pressure, grouting pressures,
support loads etc.) and

d) acceptance of the driving
loads from the machine pas-
sage

The current permissible segment
tolerances for Germany are pre-
sented in Guideline 853, Module
4005 Lining with Segments, of
the Deutsche Bahn (DB Netze
AG) for rail tunnels and in a Gui-
deline from the German High-
way Research Institute (BAST)

for road tunnels, the ZTV-ING
Part 5, Section 3 Shield Driving
Methods.

There were no detailed re-
quirements governing tole-
rances in Germany for producing
segment elements until the DB
Guideline DS 853.0019"Planning,
Constructing and Maintaining
Rail Tunnels; Module Lining
with Segments” was published
in 1993. This Deutsche Bahn
Guideline formed the basis for
subsequent tolerance require-
ments in tenders for segments
both for rail and road tunnels.
The as from June 1, 2002 revised
DS 853, subsequently known as
Ril 853, largely took over these
specifications, which until then
constituted the valid parameters
for planning tunnels made with
segments. This also essentially
applies to updates, currently
with effect from March 1,2011.

This report first examines the
historical background of these
regulations and their further de-
velopment, findings obtained in
practice and the significance of
tolerance requirements for pro-
ducing a qualitatively high-gra-
de tunnel with a single shell. 2-
shell tunnels with an outer shell
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Tubbinglager Finnetunnel (2008)
Segment Stock Finne Tunnel (2008)

Abriss der Vorschriftenlage
und deren Weiterentwicklung,
diein der Praxis gemachten Er-
fahrungen und die Bedeutung
derToleranzanforderungen zur
Erzielung eines qualitativ hoch-
wertigen Tunnelbauwerkes,
hergestellt in einschaliger
Bauweise, wieder. Zweischalig
hergestellte Tunnelbauwerke
mit einer Au3enschale aus Tib-
bingelementen und nachtrag-
lich hergestellter Innenschale
werden nicht behandelt. Da
die Tibbinge als AuBenscha-
le fungieren, erfordern sie ein
geringeres Anforderungsprofil.
Die Dichtigkeitsanforderungen
werden bei dem zweischaligen
Konstruktionsprinzip von der
Innenschale erfiillt.

2 Entstehung von Vor-
schriften fiir Tiibbing-
toleranzen

Die DS 853.0019 entstand in ih-
rer ersten Fassung 1993, noch
bevor der erste Eisenbahn-
Schnellbahntunnel im Schild-
vortrieb geplant wurde.

Zuvor gab es in den Ausschrei-
bungen fiir Tibbingtunnel, so
z.B. fur die Stadtbahntunnel
in K&In (1990) oder Duisburg
(1992), keine speziellen Anfor-
derungen an die Herstellung
des Ausbaues mittels Stahlbe-
tontlibbingen im Hinblick auf
die Toleranzen.

Bei der Wahl der Toleranzen
wurden in der 1993 aufgestell-
ten DS 853.0019 bewusst sehr
sharte” Kriterien aufgestellt, um
so einen mdngelfreien Ausbau
gewahrleisten zu kénnen und
um den Auftragnehmer in die
Pflicht nehmen zu kénnen,
eine héchstmaogliche Qualitat
umzusetzen. Waren einzelne
Toleranzen in der Praxis nicht
einzuhalten, hatten diese in
der Diskussion zwischen AG
und AN angepasst werden
konnen, falls die statischen
Nachweise dieses erlaubten.
Dies geschah insbesondere
auch vor dem Hintergrund,
dass keine einschlagigen Erfah-
rungen mit im Schildvortrieb
einschalig hergestellten Eisen-
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made of segment elements and
a subsequently produced inner
shell are not dealt with. As the
segments function as the outer
shell, they require to fulfil fewer
demands. The tightness require-
ments are fulfilled by the inner
shell in the case of the 2-shell
design principle.

2 Creation of Regulati-
ons for Segment Tole-
rances

Thefirstversion of the DS853.0019
came about in 1993, before the
first shield-excavated high-speed
rail tunnel was planned.

Prior to this there were no
special demands made on the
production of the lining using
reinforced concrete segments
regarding the tolerances in
tenders involving tunnels with
segments — as e.g. for the urban
transit tunnels in Cologne (1990)
or Duisburg (1992).

In DS 853.0019 compiled in
1993 extremely “tough” criteria
were deliberately established for
selecting the tolerances so that

a defect-free lining was assured
and committing the contractor
to come up with the highest
possible quality. Should indivi-
dual tolerances not be adhered
to in practice, these could have
been correspondingly dealt with
between the client and contrac-
tor on the basis of static proof.
This was also undertaken against
the background that no pertinent
experience was actually available
with shield-driven monocoque
rail tunnels and the regulation go-
verning rail tunnels at the time
only applied to tunnels with 2
shells. At the time, monocoque
tunnel structures required to be
approved individually (ZIE). Up till
that point, no single-shell rail tun-
nels had been produced using
segments.

Strict regulations at the ten-
dering phase were also devised
to counteract possible subse-
quent demands on the part of
the contractor, should no de-
fect-free lining be possible on
account of excessive approved
production accuracies thus ne-
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Tabelle 1 Zusammenstellung Tiibbingtoleranzen: Vorschriften, Ausschreibung und Ausfiihrung

Tunnel 8/2012

Deutsche Eisenbahnvorschrift Straentunnel
DS 853 DS 853 Ril 853 Ril 853 ZTV-ING ZTV-ING
Stand 1993 | Stand1g9g | Swandab | Standab el o005 | Standab
01.01.2006 01.03.2011" 12/2007
1 Winkelabweichungen
1.1 Tlbbingteilungswinkel (grof3e Segmente) +/-0,02° entfallen entfallen entfallen +/-0,01° +/-0,01°
1.2 Tubbingteilungswinkel (kleiner Schlussstein) +/-0,01° entfallen entfallen entfallen - -
'3 x::zz::::t:zgS;‘:‘Vi‘;‘:slﬂgndgi?u'je”ngsfuge”/ +/-004 | +/-004 | +/-004 | +-03mm | +-03mm | +-03mm
14 \L’\g:::f'udge;nf;?ij;‘_a?ie"kmimt/ +/-0,01° +/-0,01° +-001° | +/-05mm | +/-05mm | +/-05mm
2 Lineare Abmessungen
2.1 Tubbingbreite +/-0,3 mm +/-0,5mm +/-0,5mm +/-0,5mm +/-0,6 mm +/-0,6 mm
2.2 Tubbingdicke +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-3,0 mm +/-3,0 mm +/-3,0 mm
2.3 Tubbingbogenlange (grofle Segmente) +/- 0,6 mm +/-0,6 mm +/- 0,6 mm +/-0,6 mm - -
2.4 Tubbingbogenldnge (Schlussstein) +/-0,3 mm entfallen entfallen entfallen - -
2.5 Innenradius (Einzeltibbing) +/-1,5mm +/-1,5mm +/-1,5mm +/-1,5mm +/-1,5mm +/-1,5mm
2.6 AuBenradius (Einzeltibbing) +/-2,0 mm entfallen entfallen entfallen +/-2,0 mm +/-2,0 mm
2.7 Dichtungsnutachse +/-1,0 mm +/-1,0 mm +/- 1,0 mm +/-1,0 mm +/-1,5mm +/-1,5mm
2.8 Kontaktflichenachse +/-1,0 mm +/-1,0 mm +/-1,0 mm entfallen - -
3 Ebenheit und Planparallelitdt von Kontaktflachen
3.1 Langsfugenebenheit +/-0,3 mm +/-0,3mm +/-0,3 mm +/-0,5mm +/-0,5mm +/- 0,5 mm
3.2 Ringfugenebenheit +/-0,3 mm +/-0,3mm +/-0,3 mm +/-0,5mm +/-0,5mm +/-0,5mm
4  Detailstellen
4.1 Erektorgrifftaschen +/-2,0 mm entfallen entfallen entfallen - -
4.2 Dichtungsnut +0,2mm
+/-0,1T mm +/-0,2mm +/-0,2mm -0mm +/-0,2 mm +/-0,2 mm
(3)+(4)
4.3 Schraubensitzflachen +/-1,0 mm +/-1,0 mm +/-1,0 mm entfallen - -
4.4 Innendichtungsnut +/-2,0mm entfallen entfallen entfallen - -
5 Toleranzen am geschlossenen Ring
5.1 AuBendurchmesser +/-10 mm +/-10 mm +/-10 mm +/-10 mm - -
5.2 Innendurchmesser +/-10 mm +/-10 mm +/-10 mm +/-10 mm - -
5.3 AuBenumfang (in 3 Hohen gemessen) +/- 15 mm +/-30 mm +/-30 mm +/-30 mm - -
5.4 Innenumfang (in 3 Hohen gemessen) +20/-5mm entfallen entfallen entfallen - -
5.5 max. zuldssiger Montageversatz +/-8 mm entfallen entfallen +/-10 mm - -

"identisch mit Stand ab 01.12.2008

bahntunneln vorlagen und die
damalige Eisenbahnvorschrift
infolgedessen nur zweischalige
Tunnelbauten zulieB3. Einscha-
lig erstellte Tunnelbauwerke
bedurften damals noch einer
Zulassung im Einzelfall (ZiE).
Bis dahin waren noch keine

Eisenbahn-Tubbingtunnel in
einschaliger Bauweise gebaut
worden.

Strenge Vorschriften in der
Ausschreibung sollten auch
eventuellen Nachtragsforde-
rungen des Auftragnehmers
entgegenwirken, falls infolge

cessitating the requirements to
be subsequently raised.

Within the scope of German
reunification the Finne Tunnel in
the new federal states was the
first project, whose tender was
planned on the basis of the DS
853.0019. This tunnel was in fact

the first high-speed rail tunnel to
be produced with a single shell
using segments. Owing to the
omission of the inner shell, spe-
cial demands were placed on the
tunnel’s tightness. Against the
background of these demands
on tightness, the permissible
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to declarations by the Deutsche
Bahn after consulting with various
advisory bodies based on the as-
pects mentioned previously. The-
se stricter requirements applied
to the segment arch length, the
lining groove axis, the evenness
of the longitudinal and annular
joints, the permissible inter-
nal area as well as the maximal
permissible assembly misalign-
ment.

However accomplishment
of the Finne Tunnel project was
delayed and was actually produ-
ced at a later date between 2008
and 2010 (Fig. 2). In the interim,
planning for the tunnel projects
for the Berlin Mainline Route
was carried out. On account of
the comparable demands on the
tunnel lining in Berlin the increa-
sed requirements on producing
the segments for the Finne Tun-
nel were applied as the basis for
the tendering procedure for the
Berlin Mainline Tunnel project.

The good experience collected
during the fulfilment of the Berlin
Mainline Tunnel project prompted
the Ingenieurbiro Maidl & Maidl,
Bochum (IMM) in its capacity as
tunnel designer to incorporate
these enhanced demands in the
tendering procedures for construc-
tion projects in conjunction with
the goods traffic services for the
Betuwe Route in the Netherlands,

Fernbahn Berlin Sophiatunnel Botlektunnel Rotterdam
Ausschreibung . Ausschreibung . Ausschreibung . Ausschreibung
1995 Ausflihrung 1997 Ausflihrung 1997 Ausflihrung 2003
+/-0,02° +/-0,02° +/-0,02° entfallen +/-0,02° +/-0,02° +/-0,02°
+/-0,01° +/-0,01° +/-0,01° entfallen +/-0,01° +/-0,01° +/-0,01°
+/-0,04° +/-0,04° +/-0,04° +/-0,04° +/-0,04° +/-0,04° +/-0,04°
+/-0,01° +/-0,01° +/-0,01° +/-0,03°(1) +/-0,01° +/-0,025° (6) +/-0,01°

+/-0,05°(2)
+/-0,3mm +/-0,3mm +/-0,3mm +/-0,4mm +/-0,3 mm +/-0,5mm +/-0,3mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
+/-0,5 mm +/- 0,5 mm +/-0,5 mm +/-1,0 mm +/-0,5 mm +/-1,0 mm +/-0,5 mm
+/-0,3 mm +/-0,3 mm +/-0,3mm - +/-0,3mm +/-0,3 mm +/-0,3mm
+/-1,5mm +/-1,5mm +/-1,5mm +/-2,0 mm +/-1,5mm +/-1,5mm +/-1,5mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
+/-0,5 mm +/- 0,5 mm +/-0,5 mm +/-0,5mm +/-0,5 mm +/- 0,5 mm +/-0,5 mm
+/-1,0 mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0 mm +/-1,0mm
+/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm
+/-0,2mm +/-0,2mm +/-0,2mm +/-0,2 mm +/-0,2mm +/-0,2mm +/-0,2mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
-0,0/+0,5mm (3)
+/-0,1 mm +/-0,2mm +/-0,1 mm +/-0,1 mm +/-0,1mm (3) +/-0,3 mm (4) +/-0,1mm (3)
+/-0,3 mm (4)
+/-0,01°(5)
+/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
+/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm
+/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm
+/-15mm +/-15mm +/-15mm +/-15 mm +/-15mm +/-15mm +/-15mm
+/-15mm +20/-5mm +/-15 mm +/-15mm +/-15mm +/-15mm +/-15 mm
+/-5mm +/-5mm entfallen - entfallen - entfallen

(1) pro Tubbing

(2) pro Langsfuge

(3) Neoprennutbreite

(4) Neoprennuttiefe

(5) Seitenneigung der Neoprennut

(6) Summe der Konizitat von 2 anlie-
genden Tubbingen

zu hoher zugelassener Her-
stellungsungenauigkeiten kein
mangelfreier Ausbau umsetzbar
ware und die Anforderungen
erst nachtraglich hatten erhoht
werden missen.

Im Rahmen der deutschen
Wiedervereinigung war das

erste Projekt, bei dem die Aus-
schreibung auf der Basis der DS
853.0019 geplant wurde, der
Finnetunnel in den neuen Bun-
deslandern. Bei diesem Tunnel
handelte es sich auch um den
ersten Eisenbahn-Schnellbahn-
tunnel, derin einschaliger Tib-

production tolerances were for-
mulated most strictly particularly
in this field.

During the tendering phase
for these first railway segment
tunnel projects the strict spe-
cifications of DS 853.0019 were
still further tightened according

the Botlek and Sophia tunnels as
well as the Pannerdensch Canal
and for the subsequent Groene
Hart and Randstad Rail, Staten-
wegtracé Tunnel projects.

In 1998, the Deutsche Bahn
published a new version of Gui-
deline DS 853.0019.
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Table 1 Compilation of Segment Tolerances: Regulations, Tendering and Execution

Tunnel 8/2012

German Rail Regulation Road Tunnels
DS 853 DS 853 Rfi:::f Rfi::ri3 ZTV-ING Z-;:g:\:G

from 1993 | from 1998 | 1 912006 | 01.03.20170 | Draft2005 12/2007
1  Angle deviations
1.1 Segment distribution angle (large segments) +/-0,02° inapplicable | inapplicable | inapplicable +/-0,01° +/-0,01°
1.2 Segment distribution angle (small keystone) +/-0,01° inapplicable | inapplicable | inapplicable - -
'3 f\;‘gﬁ:z;g::;;izzzi':;?:i‘:j;”a'j°i”t5/ +-004° | +/-004° | +-004 | +-03mm | +-03mm | +-03mm
14 I’(‘)’:%'E:’;';’;?;‘::'::HZS conicity / +-001° | +-001° | +-001° | +-05mm | +-05mm | +-05mm
2 Linear dimensions
2.1 Segment width +/-0,3 mm +/-0,5mm +/-0,5mm +/-0,5mm +/-0,6 mm +/-0,6 mm
2.2 Segment thickness +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-3,0 mm +/-3,0 mm +/-3,0 mm
2.3 Segment arch length (large segments) +/- 0,6 mm +/-0,6 mm +/- 0,6 mm +/-0,6 mm - -
2.4 Segment arch length (keystone) +/-0,3mm | inapplicable | inapplicable | inapplicable - -
2.5 Inner radius (individual segment) +/-1,5mm +/-1,5mm +/-1,5mm +/-1,5mm +/-1,5mm +/-1,5mm
2.6 Outer radius (individual segment) +/-2,0mm | inapplicable | inapplicable | inapplicable | +/-2,0 mm +/-2,0 mm
2.7 Sealing groove axis +/-1,0 mm +/-1,0 mm +/- 1,0 mm +/-1,0mm +/-1,5mm +/-1,5mm
2.8 Contact area axis +/-1,0 mm +/-1,0 mm +/-1,0 mm inapplicable - -
3 Evenness and plane parallelism of contact surfaces
3.1 Longitudinal joint evenness +/-0,3 mm +/-0,3mm +/-0,3 mm +/-0,5 mm +/-0,5mm +/-0,5mm
3.2 Annular joint evenness +/-0,3 mm +/-0,3mm +/-0,3 mm +/-0,5mm +/-0,5mm +/-0,5mm
4 Details
4.1 Erector grip pockets +/-2,0mm | inapplicable | inapplicable | inapplicable - -
4.2 Sealing groove +0,2mm

+/-0,1 mm +/-0,2mm +/-0,2mm -0mm +/-0,2 mm +/-0,2 mm

(3) + (4)

4.3 Screw seating areas +/-1,0 mm +/-1,0 mm +/-1,0 mm inapplicable - -
4.4 Inner sealing groove +/-2,0mm | inapplicable | inapplicable | inapplicable - -
5 Tolerances on closed ring
5.1 Outer diameter +/-10 mm +/-10 mm +/-10 mm +/-10 mm - -
5.2 Inner diameter +/-10 mm +/-10 mm +/-10 mm +/-10 mm - -
5.3 OQuter circumference (measured at 3 heights) +/- 15 mm +/-30 mm +/-30 mm +/-30 mm - -
5.4 Inner circumference (measured at 3 heights) +20/-5mm | inapplicable | inapplicable | inapplicable - -
5.5 max. permissible assembly misalignment +/-8 mm inapplicable | inapplicable | +/-10 mm - -

"identical with from 01.12.2008

bingbauweise erstellt werden
sollte. Aufgrund des Entfalls
einer Innenschale wurden da-
her besondere Anforderungen
an die Dichtheit des Tunnelaus-
baues gestellt. Vor dem Hinter-
grund der Dichtheitsanforde-
rungen wurden gerade auch in

diesem Bereich die zuldssigen
Herstelltoleranzen sehr streng
formuliert.

In der Ausschreibungsphase
zu diesem ersten Eisenbahn-
Tubbingtunnelprojekt wurden
die strengen Vorgaben der DS
853.0019, nach Aussagen der

During the revision phase the
permissible tolerances were ad-
apted to the current state of the
art for segment production. As
can be discerned from Table 1 a
number of specifications were
omitted or reworded in the pro-
cess.

When DS 853 was again revised
in 2002, subsequently to be
known as Ril 853, these specifi-
cations were taken over without
being modified. The 2002 versi-
on is identical with the version
introduced on January 1, 2006
regarding the tolerance de-
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ZTV-ING Part 5, Section 3 subse-
quently introduced in 2007 for
road tunnels based on the 2005
draft, relies on millimetre specifica-
tions rather than the angle specifi-
cations derived from Ril 853, which
are based on the tunnel diameters
normally accomplished in road
construction.

Thetolerance specifications still
apply today and can also be glea-
nedfromTable 1. It was possible to
replace the angle specifications for
the longitudinal joint formation by
millimetre specifications thanks to
the diameter reference established
by the required clearance profile.
Complicated calculations could
thus be avoided.

Updates of Ril 853 (as of De-
cember 1, 2008 and March T,
2011) continued with the trend
to avoid providing angle speci-
fications thus replacing them by
millimetres. Otherwise the details
contained in the previous version
as of January 1, 2006 have been
taken over. It remains to be seen to
what extent the renouncing of an-
gle specifications for the applica-
tion of different tunnel diameters
can be maintained. The Deutsche
Bahn has of late attempted to pro-
duce twin-track segment bores in
monocoque construction. The re-
sultant tunnel diameters then are
some 13 m external diameter in
size. The single-track tunnel bores

Berlin Mainline Tunnel Sophia Tunnel Botlek Tunnel Rotterdam
Tender . Tender . Tender .

1995 Execution 1997 Execution 1997 Execution Tender 2003
+/-0,02° +/-0,02° +/-0,02° inapplicable +/-0,02° +/-0,02° +/-0,02°
+/-0,01° +/-0,01° +/-0,01° inapplicable +/-0,01° +/-0,01° +/-0,01°
+/-0,04° +/-0,04° +/-0,04° +/-0,04° +/-0,04° +/-0,04° +/-0,04°
+/-0,01° +/-0,01° +/-0,01° +/-0,03°(1) +/-0,01° +/-0,025° (6) +/-0,01°

+/-0,05°(2)
+/-0,3mm +/-0,3mm +/-0,3mm +/-0,4mm +/-0,3 mm +/-0,5mm +/-0,3mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
+/-0,5 mm +/- 0,5 mm +/-0,5 mm +/-1,0 mm +/-0,5 mm +/-1,0 mm +/-0,5 mm
+/-0,3 mm +/-0,3 mm +/-0,3mm - +/-0,3mm +/-0,3 mm +/-0,3mm
+/-1,5mm +/-1,5mm +/-1,5mm +/-2,0 mm +/-1,5mm +/-1,5mm +/-1,5mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
+/-0,5 mm +/-0,5 mm +/-0,5 mm +/-0,5mm +/-0,5 mm +/- 0,5 mm +/-0,5 mm
+/-1,0 mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm
+/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm +/-0,2 mm
+/-0,2mm +/-0,2mm +/-0,2mm +/-0,2 mm +/-0,2mm +/-0,2mm +/-0,2mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
-0,0/+0,5mm(3)
+-01mm | +-02mm | +-01mm | +-01mm |TOIMMB)E L o mm@) | +/-0,1mm(3)
+/-0,3 mm (4) o
+/-0,01°(5)
+/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm +/-1,0mm
+/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm +/-2,0 mm
+/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm
+/-10 mm +/-10 mm +/- 10 mm +/-10 mm +/-10 mm +/-10 mm +/-10 mm
+/-15mm +/-15mm +/-15mm +/-15 mm +/-15mm +/-15mm +/-15mm
+/-15mm +20/-5mm +/-15mm +/-15mm +/-15mm +/-15mm +/-15 mm
+/-5mm +/-5mm inapplicable - inapplicable - inapplicable

(1) per segment

(2) per longitudinal joint

(3) neoprene groove width

(4) neoprene groove depth

(5) lateral incline of neoprene groove

(6) sum of conicity of 2 neighbouring
segments

Bahnin Absprache mit verschie-
denen Gutachtern, in den kri-
tischen Bereichen aufgrund der
zuvor erwahnten Punkte noch
weiter verscharft. Die strenge-
ren Anforderungen betrafen
die Tibbingbogenldange, die
Dichtungsnutachse, die Eben-

heit der Langs- und Ringfugen,
den zuldssigen Innenumfang
sowie den maximal zuldssigen
Montageversatz.

Die Realisierung des Pro-
jektes Finnetunnel wurde je-
doch zeitlich verschoben und
kam erst spater in den Jahren

mands and is thus referred to
separately in Table 1.

The tolerance specifica-
tions for Ril 853 were based
on angle specifications for the
longitudinal joint formation to
be independent of the tunnel
diameter.

for rail tunnels produced so far
possess excavated diameters of
roughly 10 m.

3 Significance of the To-
lerance Requirements

For the static calculation of the
tunnel shell various assumptions
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2008 bis 2010 zur Ausfiihrung
(Bild 2). Zwischenzeitlich wur-
den die Planungen fiir die Tun-
nelprojekte der Fernbahn Berlin
aufgenommen. Aufgrund der
vergleichbaren Anforderungen
an den Tunnelausbau in Berlin
bildeten die an den Finnetun-
nel gestellten verstarkten An-
forderungen an die Tuibbing-
herstellung die Basis fir die
Ausschreibung des Projektes
Fernbahntunnel Berlin.

Die guten Erfahrungen, die
mit dem Fernbahntunnel Berlin
gesammelt wurden, veranlassten
das Ingenieurbiiro Maidl & Maidl,
Bochum (IMM) in der Funktion
als Tunnelplaner diese verstark-
ten Anforderungen auch in die
Ausschreibungen fiir die Bauvor-
haben im Rahmen der Giiterver-
kehrsstrecke der Betuweroute in
den Niederlanden, den Botlek-
und den Sophiatunnel sowie
den Tunnel Pannerdensch Kan-
aal sowie auch fiir die spéteren
Projekte Groene Hart und Rand-
stadrail, Tunnel Statenwegtracé,
zu Ubernehmen.

1998 wurde eine neue Ver-
sion der Richtlinie DS 853.0019
von der Deutschen Bahn verof-
fentlicht.

Bei der Uberarbeitung wur-
den die zuldssigen Toleranzen
dem damaligen Stand der
Technik in der Tibbingherstel-
lung angepasst. Wie Tabelle 1
zu entnehmen ist, sind dabei
einige Vorgaben entfallen bzw.
wurden abgeschwacht.

Bei der neuerlichen Uber-
arbeitung der DS 853 im Jahre
2002, die danach als Ril 853
bezeichnet wird, wurden diese
Vorgaben ohne jegliche Kor-
rekturen tUbernommen. Die
Version 2002 ist bzgl. der Tole-
ranzanforderungen identisch
mit der Version ab 1. Januar
2006 und ist in Tabelle 1 nicht
gesondert ausgewiesen.

Die Toleranzvorgaben der Ril
853 basierten fur die Langsfu-
genausbildung, um unabhan-
gig vom Tunneldurchmesser zu
sein, auf Winkelvorgaben!

Die spater im Jahre 2007
fur StraBentunnel auf der Basis
des Entwurfes 2005 eingefiihr-
te ZTV-ING Teil 5, Abschnitt 3
basiert, anstelle der Winkelvor-
gaben aus der Ril 853, auf Mil-
limetervorgaben, die auf dem
Bezug zu den Ublicherweise im
StraBBenbau zu realisierenden
Tunneldurchmessern basie-
ren.

Diese Toleranzvorgaben
sind bis heute gliltig und eben-
falls Tabelle 1 zu entnehmen.
Durch den fiir StraBentunnel
aufgrund des geforderten
Lichtraumprofils festgelegten
Durchmesserbezug konnten
die Winkelvorgaben fir die
Langsfugenausbildung durch
Millimetervorgaben ersetzt
werden. Aufwendige Umrech-
nungen konnten damit entfal-
len.

Die Fortschreibungen der
Ril 853 (Stand ab 1. Dezember
2008 und Stand ab 1.Marz2011)
haben den Trend des Verzichts
auf Winkelvorgaben aufgegrif-
fen und diese ebenfalls durch
Millimeterangaben ersetzt.
Ansonsten sind die Vorgaben
der Vorlauferversion, Stand 1.
Januar 2006, Gbernommen
worden. Es bleibt abzuwarten,
inwieweit zukunftig der Ver-
zicht auf Winkelvorgaben bei
Anwendung unterschiedlicher
Tunneldurchmesser aufrecht zu
halten ist. Neuere Bestrebun-
gen der Deutschen Bahn seh-
en auch die Realisierung von
zweigleisigen Tlbbingréhren
in einschaliger Bauweise vor.
Die daraus abzuleitenden Tun-
neldurchmesser liegen dann
in einer Grof3enordnung von
ca. 13 m Ausbruchdurchmes-
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Ringweise Tlibbingstapelung Finnetunnel (2008)

Stock of segments per Ring Finne Tunnel (2008)

are made for the segmental li-
ning. These assumptions relate
in particular to the

a) stiffness of the tunnel or seg-
mental ring,

b) load transference of the seg-
ment longitudinal joints in the
concrete hinges and

q) stiffness of the ring coup-
lings

Furthermore the scheduled, ide-
al state of the joints is assumed
for the static calculation of the
segment longitudinal joints. The
evenness of the annular joints
is also assumed for the further
transference of the driving jack
forces.

The installed sealing gaskets
are designed to comply with
the misalignments, which can
occur as a result of the segment
design.

All aspects depend on plan-
ning being applied perfectly.
Tolerances are permitted to
the extent observed in process
technical terms and are thus eco-
nomically acceptable. Providing
these tolerances are observed
no unexpected increase in the
calculated segment load is to be
reckoned with.

Alongside the static aspects, the
dimensional accuracy of the seg-
ments at their point of installati-
on is of great significance.

It is only possible to produ-
ce tunnel rings that are free of
damage and tight on a regular
basis providing they are manuf-
actured precisely.

Unfavourable interaction
of excessively large tolerances
results in unscheduled cons-
training forces acting on the
segments. These constraining
forces can reach magnitudes,
which cannot be accepted either
by the concrete or the installed
reinforcement. It is also impos-
sible to dimension the individu-
al segments to accommodate
these loads owing to the many
imponderable factors.

Spalling, cracks and leakages
affecting the rings are generally
the outcome of inaccurate seg-
ment production.

The tolerances of the longi-
tudinal joint conicity, the seg-
ment width and the evenness
of the contact surfaces are of
importance for the design of the
segments (Fig. 3). In these areas,
which affect both the longitudi-
nal as well as the annular joint,
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ser. Die bis dato hergestellten
eingleisigen Tunnelréhren fir
Eisenbahntunnel weisen Aus-
bruchdurchmesservon ca. 10m
auf.

3 Bedeutung der Tole-

ranzanforderungen

Bei der statischen Berechnung

der Tunnelschale werden fir

den Tiibbingausbau diverse

Annahmen getroffen. Diese

Annahmen betreffen insbe-

sondere die

a) Steifigkeit des Tlibbings bzw.
Tubbingringes,

b) Lastlibertragung im Beton-
gelenk der Tiibbinglédngsfu-
genund

c) Steifigkeit der Ringkopp-
lungen

Bei der statischen Berech-
nung der Tibbinglangsfugen
wird zudem der planmaRige,
ideale Zustand dieser Fugen
vorausgesetzt. Auch bei der
Weiterleitung der Vortriebs-
pressenkradfte wird von der
Ebenheit der Ringfugen aus-
gegangen.

Die eingebauten Dichtpro-
file werden auf die Versatze hin
ausgelegt, die sich infolge des
Tubbingdesigns planmaBig
einstellen kdnnen.

Bei allen Aspekten wird von
deridealen Umsetzung der Pla-
nung ausgegangen. Toleranzen
werden in dem Maf3e zugelas-
sen, wie sie fertigungstechnisch
einzuhalten sind und damit
im wirtschaftlich vertretbaren
Rahmen stehen. Bei Einhaltung
dieserToleranzen ist auch keine
auBergewdhnliche Zunahme
der berechneten Tuibbingbelas-
tung zu erwarten.

Neben den statischen Ge-
sichtspunkten ist auch fir den
Tunnelausbau vor Ort eine
MaBgenauigkeit der Tibbinge
von grof3er Bedeutung.

Nur mit einer sehr prazisen Tiib-
bingherstellung ist es méglich,
regelmaBig schadenfreie und
dichte Tunnelringe zu bauen.

Eine ungiinstige Uberlage-
rung von zu gro3en Toleranzen
hat ungeplante Zwangsbean-
spruchungen der Tiibbinge
zur Folge. Diese Zwangsbe-
anspruchungen kénnen Gro-
Benordnungen erreichen, die
weder vom Beton noch von
der eingebauten Bewehrung
aufgenommen werden kon-
nen. Auch die Bemessung
der Einzelsegmente auf diese
Belastungen ist aufgrund der
vielen Unwégbarkeiten nicht
moglich.

Abplatzungen, Risse und
Undichtigkeiten an den Ringen
sind in der Regel die Folge un-
genauer Tibbingherstellung.

Von besonderem Belang fiir
die Ausbildung der Tiibbinge
sind die Toleranzen der Léngs-
fugenkonizitat, der Tubbing-
breite und der Ebenheit der
Kontaktstellen (Bild 3). In die-
sen Bereichen, die sowohl die
Langs- als auch die Ringfuge
betreffen, werden die auftre-
tenden Lasten in die Tibbinge
eingeleitet. Bei einer Einhaltung
der angegebenen Toleranzen
sind keine mal3gebenden Zu-
satzbeanspruchungen in den
Tubbingen zu erwarten.

Besonders die Einhaltung
des Winkels der Langsfugen-
konizitat ist zu beachten. Die
Ringnormalkréfte in den Langs-
fugen, die infolge der Erd- und
Wasserdruckbelastung in das
Tragsystem eingeleitet wer-
den, werden durch direkten
Betonkontakt tiber Druckspan-
nungen weitergeleitet. Durch
die Ausbildung der Langsfugen
als Drehfedergelenke wird der
Lasteinleitungsbereich re-
duziert. Auf diese gezielte
Lasteinleitung hin werden die
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the prevailing forces are introdu-
ced into the segments. Providing
the predetermined tolerances
are adhered to, no decisive ad-
ditional stresses in the segments
are to be anticipated.

Observance of the angle of
the longitudinal joint conicity
deserves particular attention.
The ring normal forces in the
longitudinal joints, which are
introduced to the supporting
system as a result of earth and
water pressure load, are trans-
ferred further via compressive
stresses through direct contact
with concrete. The load transfer
area is reduced by the longitu-
dinal joints taking on the form
of a spring link. The resulting
concrete compressive stresses
are calculated through this
applied load introduction and
the necessary tensile strength
reinforcement for the most un-
favourable combination of twis-
ting angle and ring normal force
determined.

Should the permissible longi-
tudinal joint conicity be excee-
ded the uniform load distributi-

on over the segment width is no
longer assured. In addition to the
calculated scheduled joint loads
these stresses are superimposed
in the longitudinal joint by cons-
training forces caused by exces-
sive articulation. If the demanded
tolerance is not observed during
segment production, special sta-
tic proof based on the dimen-
sions actually produced, are re-
quired and the reinforcement in
the longitudinal joints adjusted
to the prevailing circumstances.
Experience shows that the ten-
sile strength reinforcement in
the longitudinal joints must be
increased by roughly 10to 15 %
given an increase of the permis-
sible longitudinal joint conicity
from 0.01° to 0.05°.

Care must be taken to adhere
to the width of the segment.
Through the formation of the
segment lining with offset lon-
gitudinal joints the abutment for
the ring subsequently installed is
always formed by 2 segments.
According to plan this is geared
to a uniform positioning of the
segments. The segments are
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resultierenden Betondruck-
spannungen berechnet und die
erforderliche Spaltzugbeweh-
rung fir die unglinstigste Kom-
bination aus Verdrehwinkel und
Ringnormalkraft ermittelt.

Bei einer Uberschreitung der
zulassigen Langsfugenkonizitat
wird die gleichmafige Lastein-
leitung Uber die Segmentbrei-
te nicht mehr sichergestellt.
Zusétzlich zu den berechneten
planmaBigen Fugenbelastun-
gen werden diese Spannungen
von Zwangsbeanspruchungen,
infolge zu grof3er Verschran-
kungen, in der Langsfuge
Uberlagert. Kann die geforderte
Toleranz bei der Tiibbingherstel-
lung nicht eingehalten werden,
sind gesonderte statische Nach-
weise, anhand der tatsachlich
herstellbaren Abmessungen, zu
fihren und die Bewehrung in
den Langsfugen ist den Gege-
benheiten anzupassen. Erfah-
rungsgemal muss die Spaltzug-
bewehrung in den Langsfugen
bei einer Erhéhung der zulds-
sigen Langsfugenkonizitat von
0,01° auf 0,05° um ca. 10 bis 15
% erhoht werden.

Auch die Einhaltung der
Tlbbingbreite ist zu beachten.
Durch die Ausbildung des Tiib-
bingausbaues mit versetzten
Langsfugen wird das Auflager
fur den nachfolgend einge-
bauten Ring immer von 2 Tiib-
bingen gebildet. PlanmaBig
wird von einer gleichmaBigen
Lagerung der Segmente ausge-
gangen. Die Tiibbinge werden
in Tunnellangsrichtung durch
die Vortriebspressenkrafte
stark belastet. Im Regelfall
werden auf der den Pressen
abgewandten Tubbingseite
Zwischenlagen in Form von
Kaubit-, Sperrholz- bzw. Triplex-
platten eingebaut, die als defi-
nierte Auflager der Segmente
dienen und die Pressenkréfte

gezielt durch die Tubbinge
leiten. Bei dieser Anordnung
wird eine extreme Scheiben-
beanspruchung der Tiibbinge
weitestgehend verhindert. Die
eingebauten Zwischenlagen
dienen neben der Definition
als Auflager weiterhin auch
dazu, eventuell vorhandene
Toleranzen in den Ringfugen
auszugleichen und somit einen
gleichmaBigen Kraftdurchfluss
sicherzustellen.

Werden dieToleranzenin der
Tubbingbreite stark Giberschrit-
ten, kénnen die Zwischenlagen
die Differenzen nicht mehr aus-
gleichen, und die betroffenen
Tubbinge werden als ,Wand-
scheibe” belastet. Bei den vor-
herrschenden Pressenkraften
kann die Bewehrung auf diesen
Lastfall hin jedoch nur schwer
ausgelegt werden; Risse in den
Tubbingen kdnnen die Folge
sein.

Neben den direkten Kon-
taktstellen der Tubbinge wer-
denauch an die Lage und Aus-
bildung der Dichtungsnut sehr
hohe Anforderungen gestellt.

Da es sich um einen einscha-
ligen Tunnelausbau mit nur
einem Dichtsystem handelt,
sind die Abmessungen der Nut
exakt auf das gewahlte Dicht-
profil hin auszulegen, so dass
sich keine Undichtigkeiten in
Form von Uml&ufigkeiten ein-
stellen kénnen.

Auch die Lage der Dich-
tungsnutachse ist von grof3ter
Bedeutung, da das Dichtprofil
gemdf Anwendungsdiagramm
mit groBter Genauigkeit fir die
moglichen Fugenversatze und
Fugenoffnungen hin getestet
und ausgelegt ist.

Nur mit einer sehr genauen
Ausbildung der Dichtungsnut
kann die Funktionalitat des
Dichtsystems sichergestellt
werden.
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subjected to pronounced load
in the longitudinal direction of
the tunnel through the driving
jack forces. Generally speaking
intermediate layers in the form
of composite, plywood or tri-
plex panels are installed on the
side of the segments facing the
jacks, which serve as a defined
abutment for the segments and
specifically direct the jacking
forces through the segments.
Given this arrangement, ex-
treme stress in the segments is
largely avoided. Apart from defi-
ning the abutment the installed
intermediate panels also help to
compensate tolerances possibly
prevailing in the annular joints
thus securing a uniform force
flow rate.

If the tolerances in the seg-
ment width are exceeded to a
large degree, the intermediate
panels are unable to compen-
sate the differences, and the af-
fected segments are subjected
to load as a “shear wall” Given
the prevailing jacking forces it is
difficult to design the reinforce-
ment to cope with this load case
so that cracks in the segments
can result.

Extremely high demands are
posed on the position and de-
sign of the sealing groove apart
from the direct contact points
for the segments.

As a single-shell tunnel li-
ning with only a single sealing
system is concerned, the groove
dimensions must be designed
to conform exactly with the se-
lected sealing gasket so that no
leakages resulting from ingres-
sing water can occur.

The position of the sealing
groove axis is also of great im-
portance as the sealing gasket
has been tested and designed
with the greatest accuracy for
possible joint misalignments
and joint openings.

[tis only possible to assure that
the sealing system functions pro-
perly providing that the sealing
groove is designed with extreme
accuracy.

4 Tendering Demands
for executed Reference
Projects and resultant
Findings

As previously indicated the DS
853 was first taken as the basis
for the permissible segment to-
lerances for the Berlin Mainline
Tunnel project.

In the urban rail tunnels pre-
viously produced in Germany,
tenders did notinclude such de-
tailed tolerance specifications.
The production of segments
and the applied tolerances
were by and large determined
by the contractor. The following
excerpts from older tenders
substantiate this:

4.1 City of Cologne, Contract
Section M1, Wiener Platz/
Frankfurter StraBe, 1990
Under point 5.4.1 - G"Segments
in the list of services all that is

"

said is:

“To assess the offers the JV re-

quires detailed explanations

and binding commitments on

the following points from the

tenderer.

Segments:

® Production, accuracy, testing,
trial assembly

o .

® Sealing, test certificates”

4.2 City of Duisburg, Un-
dertunnelling the Ruhr. Lot
TA7/8A, 1992

Tender requirement on the seg-
ment tolerances: Point 9.7.1

“On account of the production
accuracy required for a water-
tight lining — the customary
neoprene seals only permit
+/- 0.5 mm tolerance - the ap-
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4 Ausschreibungsanfor-
derungen ausgefiihrter
Referenzprojekte und
deren Erfahrungen

Wie zuvor ausgefiihrt, wurde
die DS 853 fiir das Projekt Fern-
bahntunnel Berlin erstmalig als
Basis fur die zuldssigen Tiibbing-
toleranzen herangezogen.

Bei den zuvor in Deutsch-
land erstellten Stadtbahn-
tunneln gab es in den Aus-
schreibungen keine so eng
gefassten Toleranzvorgaben.
Die Tubbingherstellung und
die anzusetzenden Toleranzen
wurden im Wesentlichen vom
Auftragnehmer festgelegt.
Nachfolgende Auszlige aus
alteren Ausschreibungen do-
kumentieren dies:

4.1 Stadt Koln, Baulos M1,

Wiener Platz/Frankfurter

Stra3e, 1990

Unter dem Punkt 5.4.1 - G, Tub-

binge” der Leistungsbeschrei-

bung heil3t es sogar nur:

+Zur Beurteilung der Angebote

wiinscht der AG zu folgenden

Punkten vom Bieter ausfiihr-

liche Erlduterungen und ver-

bindliche Zusagen.

Tubbinge:

® Herstellung, Genauigkeit,
Prifung, Probemontage

o ..

® Dichtung, Prifzeugnisse.”

4.2 Stadt Duisburg, Ruhrun-
terquerung, Los TA7/8A, 1992
Anforderung der Ausschrei-
bung an die Tibbingtole-
ranzen: Pkt. 9.7.1

+Wegen der fiir eine wasser-
dichte Auskleidung erforder-
lichen Herstellungsgenauigkeit
— die ublichen Neoprendich-
tungen erlauben nur +/-0,5 mm
Toleranz — wird die Verwendung
von schweren Stahlschalungen
mit [...] einer Herstellgenauigkeit
von +/- 0,2 mm gefordert. Hier-

Uiber hat der AN einen Nachweis
zu erbringen”

,Neben den lblichen Kon-
trollen nach der DIN sind die
Abmessungen der einzelnen
Tlbbinge zu Uberprifen, zu
Beginn der Produktion jeder
Tlbbing, nach Erreichen der
geforderten Herstellgenauig-
keit mind. jeder 25. Tibbing
einer Schalung/”

4.3 Finnetunnel, Fernbahn-
tunnel Berlin, 1995

Die Ausschreibung des Fern-
bahntunnels Berlin, die auf
der Basis der geplanten Aus-
schreibung fiir den Finnetun-
nel erstellt wurde, basierte
in Deutschland, wie zuvor
erwahnt, erstmalig auf einer
Vorschriftenlage, den Anforde-
rungen der DS 853.0019.

In Abweichung zur DS 853
mit Stand von 1993 wurden
fur den Fernbahntunnel Berlin
die Toleranzen fiir die Tibbing-
bogenlange, die Dichtungs-
nutachse, die Ebenheit der
Langs- und Ringfugen, den
Innenumfang sowie der maxi-
mal zuldssige Montageversatz
verringert (siehe Tabelle 1).

Im Rahmen der Ausfiihrung
konnten fast alle Forderungen
erflllt werden. Anpassungen
waren bei der Dichtungsnut
sowie bei dem Innenumfang
des geschlossenen Ringes er-
forderlich.

Es bleibt hier darauf hinzu-
weisen, dass als Tibbingdesign
fir die Langsfugen glatte Fu-
gen und fir die Ringfugen dem
damaligen Stand der Technik
entsprechend ein Nut-Feder-
System zum Einsatz kam.

4.4 Botlektunnel, Sophiatun-
nel, Tunnel Pannerdensch
Kanaal, 1997/1998

Bei den Projekten fir die Be-
tuweroute dienten die Anfor-
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plication of heavy steel moulds
with [...] a production accuracy
of +/- 0.2mm is called for. The
contractor is required to provi-
de proof”.

"Apart from the customary
checks according to DIN the
dimensions of the individual
segments have to be examined,
each segment at the beginning
of production, at least every 25t
segment per mould once the
required production accuracy is
attained”.

4.3 Finne Tunnel, Berlin Main-
line Tunnel, 1995

The tender for the Berlin Mainline
Tunnel, which was produced on
the basis for the planned tender
for the Finne Tunnel, was based
for the first time in Germany, as
previously mentioned, on speci-
fications as laid down in the DS
853.0019.

In contrast to the DS 853 da-
ting from 1993 the tolerances
for the segment arch length, the
sealing groove axis, the evenness
of the longitudinal and annular
joints, the inner circumferences
as well as the maximal permissib-
le assembly misalignment were

reduced for the Berlin Mainline
Tunnel (see Table 1).

Practically all requirements
could met within the scope of
execution. Adjustments were
necessary for the sealing groove
and the inner circumference of
the closed ring.

It should be pointed out here
that smooth joints for the longi-
tudinal joints and a tongue and
groove system in keeping with
the state of the art at the time
were applied in terms of seg-
ment design.

4.4 Botlek Tunnel, Sophia
Tunnel, Pannerdensch Canal
Tunnel, 1997/1998

The specifications contained in
the tender for the Berlin Main-
line Tunnel, which had proved
itself in practice, were applied for
the Betuwe Route projects. Fur-
thermore a tongue and groove
system for the annular joint was
taken for the reference draft in
similar fashion to the Berlin Main-
line Tunnel concept.

The sole change related to
specifying the maximal permis-
sible assembly misalignment.
This specification was excluded
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derungen der Ausschreibung
des Fernbahntunnels Berlin,
die sich in der Praxis bewdhrt
hatten, als Basis der Ausschrei-
bung. Zudem lag dem Refe-
renz-Entwurf analog dem Ber-
liner Fernbahntunnelkonzept
ein Nut-Feder-System in der
Ringfuge zugrunde.

Die einzige Verdnderung
wurde bei der Vorgabe des
maximal zuldssigen Montage-
versatzes vorgenommen. Um
dem AN eine freie Wahl in der
Ausbildung des Kopplungsde-
signs in der Ringfuge zu ge-
wahren, entfiel diese Vorgabe
in der Ausschreibung.

4.5 Projekt Nord-Siid Stadt-
bahn Koln, 2003

Beim Projekt Nord-Siid Stadt-
bahn Koéln wurden dem Finne-
tunnel entsprechende analoge
Anderungsvorschldge vom AN
vorgebracht.

Das IMM wurde beim Kélner
Projekt mit der Beurteilung der
Vorschlage im Rahmen einer zu
erstellenden fachtechnischen
Stellungnahme beauftragt.

Aufgrund von Vergleichs-
betrachtungen mit den gean-
derten Toleranzwerten kam
das MM zu dem Ergebnis, dass
das Risiko negativer Beeinflus-
sungen als beherrschbar einzu-
stufen ware.

Im Hinblick auf mégliche ver-
tragliche Vereinbarungen und
der Verantwortungsabgren-
zung wurde seitens IMM fiir das
Projekt in KoIn folgende Kom-
promisslésung vorgeschlagen
und so letztlich mit dem AN
vereinbart.
® Oberste Pramisse fur die
Fertigung der Tibbinge
bleibt die Zielsetzung zur
Einhaltung der urspriinglich
aufgestellten Toleranzvor-
gaben.

e  Ausreiler”, d.h. Abwei-
chungen in denToleranzvor-
gaben werden fir die Langs-
fugenkonizitat bis max. +
0,017° und fir die Langsfu-
genebenheit bis max. + 0,05
mm toleriert, solange sie in
einer prozentualen Gro3en-
ordnung von < 1 % fir die
Abweichung lagen.

® Seitens des AG wird die Ab-
weichung in vertraglicher
Sicht lediglich toleriert. Die
Verantwortung verbleibt
jedoch weiterhin beim AN.
D.h., die aus diesen Abwei-
chungen resultierenden
moglichen Folgen fiir die
Gebrauchsfahigkeit im Hin-
blick auf Schadensbeseiti-
gungen/Sanierungen etc. in
Folge z.B. von Abplatzungen,
Rissen, Undichtigkeiten etc.
gehen zu Lasten des AN.

5 Ausfiihrungserfah-
rungen aus Referenz-
projekten
Rickkopplungen tber Praxis-
erfahrungen bzgl. der Einhal-
tung der Toleranzvorgaben
bzw. eventuell ausgefuhrter
Anpassungen sind generell nur
schwer zugdnglich.

Aufgrund der Erfahrungen des
IMM bei den Tunneln fiir die Be-
tuweroute im Rahmen der Bau-
Uberwachung (Hinweis: Hier
waren in der Ausschreibung
ebenfalls die Toleranzvorga-
ben der Ril aufgestellt worden)
konnten folgende Kenntnisse
abgeleitet werden.

Bei der Vermessung der
Segmente stellten sich eini-
ge Punkte als kritisch heraus,
die die Anforderungen der
Ausschreibung nicht erfillen
konnten:
® | 3ngsfugenkonizitat,
® Tlbbingbreite,
® Tlbbingbogenldnge und
® Dichtungsnut
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from the tender to allow the con-
tractor a free hand in coming up
with the coupling design for the
annular joint.

4.5 North-South Urban Light
Railway Cologne, 2003

The contractor put forward a
number of proposed alterations
in keeping with the Finne Tunnel
for the North-South urban light
railway in Cologne.

The IMM was commissioned
to assess these proposals within
the scope of the technical app-
raisal for the Cologne project.

Based on comparative obser-
vations relating to the changed
tolerance values the IMM con-
cluded that the risk of negative
influences could be classified as
controllable.

Regarding possible contractual

agreements and delimitation

of responsibilities the IMM put

forward the following compro-

mise solution for the Cologne

project, which was accepted by

the contractor.

® The prime target for produc-
tion of the segments remains
the objective of adhering to
the originally determined to-
lerance specifications.

® “Exceptions’, i.e. deviations
from the tolerance specifi-
cations are tolerated for the
longitudinal joint conicity to
amax. of +0.017°and a max.
of + 0.05 mm for the longitu-
dinal joint evenness if related
to a percentaged magnitude
of < 1 % for the deviation.

® |n contractual terms the
fluctuation is merely tolera-
ted by the client. However
the contractor still remains
responsible. In other words,
possible consequences for
serviceability relating to da-
mage rectification/redeve-
lopment etc. caused by e.g.

spalling, cracks, leakages etc.
are to be borne by the con-
tractor.

5 Findings obtained
from Reference Projects
Generally speaking feedback
on practical experience and the
adherence to tolerance speci-
fications and any adjustments
possible undertaken are hard
to obtain.

Based on the experience
gained by the IMM from the
Betuwe Route tunnels within
the scope of supervision of
construction (NB: Ril tolerance
specifications were also applied
in the tender here) the following
findings were obtained.

During the measuring of the
segments a number of points
emerged as critical, which could
not fulfil the requirements of the
tender:
® |[ongitudinal joint conicity,
® Segment width,
® Segment arch length and
® Sealing groove

During segment product the
tolerances for these aspects
were adjusted to the technical
values possible in consultation
with the client.

Longitudinal joint conicity:
change from + 0.01° to + 0.025°.

The longitudinal joint even-
ness was retained unaltered at
+0.2 mm.

In this connection, first and
foremost increasing the permis-
sible longitudinal joint conicity
exerts an effect on the supporting
behaviour of the segments as well
asonthe necessary reinforcement
for the longitudinal joints.

The feasibility of the changed
tolerance parameters could be
confirmed through exact ring
execution. The tunnels were
produced with a qualitatively
high-grade segmental lining.
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Im Laufe der Tlbbingfertigung
wurden die Toleranzen dieser
Punkte in Absprache mit dem
Auftraggeber den ausfiih-
rungstechnisch moglichen
Werten angepasst.

Langsfugenkonizitat: Ande-
rung von + 0,01° auf + 0,025°.

Die Langsfugenebenheit
wurde unverdndert bei £+ 0,2
mm beibehalten.

Dabei hat vor Allem die
Erhdhung der zuldssigen
Langsfugenkonizitat Auswir-
kungen auf das Tragverhalten
der Tibbinge sowie auf die
erforderliche Bewehrung der
Langsfugen.

Durch einen exakten Ring-
bau konnte die Machbarkeit
der gednderten Toleranzvor-
gaben bestdtigt werden. Die
Tunnel wurden mit einer qua-
litativ hochwertigen Tuibbing-
auskleidung umgesetzt.

6 Gegeniiberstellung

Tiibbingtoleranzen

Vorschriftenlage/Refe-

renzprojekte

In Tabelle 1 sind zur besseren

Vergleichbarkeit die Tubbing-

toleranzen nachfolgend auf-

gefiihrter Projekte bzw. Vor-

schriften zusammengestellt:

1. DS 853.0019, Stand 1993

2. DS 853.0019, Stand 1998

3. Ril 853, Stand ab 1. Juni
2002

4. Ril 853, Stand ab 1. Marz
2011

5. ZTV-ING, Entwurf 2005

6. ZTV-ING, Stand 12/2007

7. Fernbahntunnel Berlin,
Ausschreibung 1995

8. Fernbahntunnel Berlin,
Ausfiihrung

9. Sophiatunnel, Ausschrei-
bung 1997

10. Sophiatunnel, Ausfiihrung

11. Botlektunnel, Ausschrei-
bung 1997

12. Botlektunnel, Ausfiihrung

13. Rotterdam Statenwegtracé,
Ausschreibung 2003 (iden-
tisch mit den Tunneln der
Betuweroute)

Die Anforderungen der Aus-
schreibung fiir den Tunnel
Pannerdensch Kanaal und die
Groene Heart sind identisch
mit denjenigen fir Botlek und
Sophia; auf eine Wiedergabe
wurde daher verzichtet.

7 Schlussbemerkung

Die in Deutschland erstmalig
mit Herausgabe der deutschen
Eisenbahnvorschrift DS 853
(heute Ril 853) im Jahr 1993 for-
mulierten Toleranzvorgaben an
die Tuibbingherstellung haben
sich in der Praxis weitgehend
bewahrt. Bei einzelnen Para-
metern wurden geringfligige
Anpassungen vorgenommen.
Es hat sich gezeigt, dass die
insgesamt streng formulierten
hohen Genauigkeitsanforde-
rungen ein wesentlicher Garant
fir die hohe erzielbare Qualitat
des Endproduktes ,einschalig
hergestelltes Tlibbingbauwerk”
sind. Zukinftig gilt es die Halt-
barkeit bzw. Umsetzbarkeit der
Anforderungen an den Trend
der Durchmesservergrofle-
rungen anzupassen bzw. zu
tberpriifen. @

High-Precision Segments

6 Comparison of

Segment Tolerances

Regulation structure/

Reference projects

Table 1 contains the segments

tolerances for the following pro-

jects and regulations to enable

better comparison:

1. DS 853.0019, as of 1993

2. DS 853.0019, as of 1998

3. Ril 853, as from June 1,
2002

4. Ril 853, as from March 1,
2011

5. ZTV-ING, draft 2005

6. ZTV-ING, as of 12/2007

7. Berlin Mainline Tunnel, ten-
der 1995

8. Berlin Mainline Tunnel, exe-

cution

Sophia Tunnel, tender 1997

0. Sophia Tunnel, execution

1. Botlek Tunnel, tender 1997

2. Botlek Tunnel, execution

3. Rotterdam Statenwegtracé,

tender 2003 (identical with
the Betuwe Route tunnels)

The requirements for the ten-
der for the Pannerdensch Canal
Tunnel and the Groene Hart are
identical with those for the Bot-
lek and Sophia; thus repetition is
unnecessary.

7 Conclusion

The tolerance specifications for
segment production first formu-
lated in Germany in 1993 with
the publication of the German
Rail Guideline DS 853 (now Ril
853) have largely proved them-
selves in practice. Slight adjust-
ments to individual parameters
have been undertaken. It has
been displayed that the by and
large strictly formulated high
demands on accuracy repre-
sent a major assurance for the
high quality attained by the end
product a “segmental structure
produced with a single shell”
In future, it is essential to adapt
and comply the sustainability
and applicability of these de-
mands to the trend to increase
diameters. O
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Kraftwerkstunnel in Costa Rica
Power plant tunnel in Costa Rica

Costa Rica

Bikomponente Makro-Kunststoff-
fasern fiir Kraftwerkstunnel

Schon seit Jahren und Jahr-
zehnten wird stahlfaserbewehr-
ter Spritzbeton im Tunnelbau
erfolgreich eingesetzt. Die Pro-
blematik bei der Verwendung
von Stahlfasern wie z.B. aufwan-
diges Handling aufgrund des
hohen Gewichts, Igelbildung
beim Mischen, gro3er Riickprall
beim Spritzen, der Verschleill
an Schldauchen und Diisen, aber
auch das Korrodieren und die
erhohte Verletzungsgefahr
durch aufstehende Fasern
wurden mangels Alternativen
in Kauf genommen. Bei einem
6,6 km langen Kraftwerkstun-
nel in Costa Rica wurden nun
erstmals bikomponente Kunst-

stofffasern zur Sicherung ein-
gesetzt (Bild 1+2).

In Costa Rica hatte das ICE
(Instituto Costarricense de
Electricidad) lange Zeit auf
Stahlfasern gesetzt, wie Ing.
William Aguilar bestatigt: ,Wir
verwendeten Stahlfasern in
anderen Projekten, aber sie
verursachten einige Probleme
mit ,Faserbéllen’, die die Ma-
schinen verstopften und so
den Bauprozess verzégerten.”
Er ging deshalb bereits vor
einiger Zeit zur Verwendung
von Kunststofffasern ber, die
aber ebenfalls im Handling
Schwierigkeiten verursachten.
Jlch personlich habe schon

Tunnel 8/2012

Costa Rica

Bicomponent Synthetic Macro
Fibres for Power Plant Tunnel

For years if not for decades steel
fibre reinforced shotcrete has
been applied in tunnelling with
success. The various problems as-
sociated with steel fibres such as
e.g.complicated handling owing
to the high weight, balling du-
ring the mixing process, major
rebound when spraying, wear
affecting hoses and nozzles as
well as corrosion and the incre-
ased danger of injury caused by
projecting fibres were accepted
due to a lack of alternatives. Bi-
component synthetic fibres have
now been used for the first time
for supporting purposes for a 6.6
km long power plant tunnel in
Costa Rica (Figs. 1+2).

In Costa Rica, the ICE (Instituto
Costarricense de Electricidad)
had for long relied on steel fi-
bres, as Ing. William Aguilar con-
firms: "We used steel fibres in
other projects but they caused
a number of problems owing
to"fibre balling’, which clogged
the machines thus delaying up
the construction process”. As a
result some time ago he deci-
ded to switch to plastic fibres,
which however also caused
difficulties during handling.
"I personally used other synthetic
fibres (N.B.: other than Concrix)
in another tunnel project, from
a different manufacturer. The-
se fibres improved our perfor-
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andere synthetische Fasern in
einem anderen Tunnelprojekt
verwendet, von einem anderen
Hersteller”, so Aguilar weiter.
,Diese Fasern hatten unsere
Performance im Vergleich zu
Stahlfasern verbessert, obwohl
sieimmer noch,Faserballe” ver-
ursachten.”

Bikomponente, hoch-
feste Makrofaser als
Losung

Der Ingenieur entschied sich da-
her nach umfangreichen Abkla-
rungen und Tests letztendlich
fur den Einsatz der neuen, bi-
komponenten Makrofaser,Con-
crix”. Die synthetische Hochleis-
tungsfaser wurde in der Schweiz
entwickelt und verbindet die
Vorteile der Stahlfasern, ndmlich
das hohe Arbeitsvermdgen, mit
denen von Kunststofffasern wie
z.B. die Korrosionsbestandigkeit.
Das Geheimnis der Makrofaser
liegt in deren einzigartigem,
bikomponentem Faseraufbau,
der Erhohung des Kristallinitats-
grades bzw. des E-Moduls und
dem Einbau von speziellen Ad-
ditiven (Bild 3). Zuséatzlich wurde
die Oberflache strukturiert, was
eine weitere Verbesserung des
Verbundes mit dem Beton zur
Folge hatte und so ein hohes
Arbeitsvermdgen garantiert.

Auch das bei herkdmmlichen
Kunststofffasern zu beobacht-
ende Problem des Kriechens
konnte mit der Makrofaser eli-
miniert werden. Unter Kriechen
versteht man eine zeitabhan-
gige Verformung bei einer dau-
ernd wirkenden Kraft. Dies wird
im gerissenen Zustand von fa-
serverstarktem Beton relevant,
dadann die Fasern permanent
beansprucht werden.

Spritzbeton Shotcrete
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mance compared to steel fibres
although they still caused fibre
balling.

Bicomponent, high-
strength Macro Fibre
Concrix as Solution

Ing. Aguilar thus finally decided
after extensive decision-making
processes and tests in favour of
the new, bicomponent macro fi-
bre“Concrix”. This synthetic high-

Innenansicht des Tunnels

Interior view of tunnel

strength fibre was developed in
Switzerland and combines all the
advantages of steel fibres, pri-
marily the high strength — with
those of plastic fibres such ase.g.
corrosion resistance. Concrix'’s
secret can be attributed to its
unique, bicomponent fibre
structure, the enhancement of
the degree of crystallinity or the
E-module and the inclusion of
special additives (Fig. 3). Further-
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Tests zu Leistungsfa-
higkeit und Kriechver-
halten

Die umfassenden Tests, durch-
gefiihrt von der EMPA Schweiz,
veranschaulichen eindriicklich,
dass diese neuartige Faserstruk-
tur halt, was sie verspricht. Nach
EFNARC erreicht die Concrix
Faser bei Verwendung von nur
4,5 kg pro Kubikmeter Beton
Werte von iber 1100 Joule bei
einer Verformung von 25 mm.
Dieses Leistungsvermoégen
wurde mittlerweile bei etlichen
weiteren, nach EFNARC-Regeln
durchgefiihrten Spritzbeton-
tests in Tunneln und Minen in
der Praxis bestatigt. Und was
das Kriechen betrifft, zeigen die
oberflachlich strukturierten bi-
komponenten Concrix-Fasern
unter Dauerlast eine sehr mi-
nimale, absolut unkritische
Zunahme der Riflweiten in
vorgebrochenen Testkorpern
(Bild 4). Der Test der EMPA lauft
Uibrigens mittlerweile bereits
seit mehr als 700 Tagen.

Im Labor entwickelt, in
der Praxis bewahrt

Seit Einfihrung der Concrix-
Faser wurden bereits etliche
Projekte realisiert, allesamt zur
vollen Zufriedenheit von Kun-
den und Baufirmen. Denn die
Verarbeitung ist denkbar ein-

Kunststofffaser in Blindeln

Plastic fibres in bundles

Tunnel 8/2012

Aufbau der Kunststofffaser Concrix

Plastic fibre Concrix set-up

Kriechverhalten der Kunststofffaser

Creeping behaviour of the plastic fibres

fach, das Einmischen im Beton
dankder Lieferung in Faserbiin-
deln (Bild 5) absolut homogen
und die Vorteile wie Schonung
der Maschinen, Bestandigkeit
gegen aggressive Bergwasser,
Korrosionsbestandigkeit etc.
liegen auf der Hand. O)

5

more the surface is structurized,
resulting in an even better bond
with the concrete thus ensuring
unparalleled working strength.
The problem of creeping that
can be observed in conjunction
with conventional plastic fibres
was eliminated in the case of
Concrix. Creeping is interpreted
as a time-related deformation
brought on through a constantly
acting force. This becomes rele-
vant when fibre-reinforced con-
crete is in a cracked state - as
then the fibres are permanently
under stress.

Tests relating to the
Performance and Cree-
ping Behaviour

Extensive tests, carried out by
the EMPA Schweiz, an internati-
onally renowned research facili-

ty, impressively reveal that this
novel fibre structure lives up its
promise. According to EFNARC,
the Concrix fibre attains values in
excess of 1,100 joules given a de-
formation of 25 mm using only
45 kg per m® of concrete. This
performance has in the mean-
time been confirmed in practice
through further shotcrete tests
undertaken in tunnels and mines
in keeping with EFNARC regula-
tions. And as far as creeping is
concerned, surface structurized
bicomponent Concrix fibres un-
der permanent load reveal only
a very minimal, absolutely non-
critical increase in crack widths
in pre-broken test pieces (Fig. 4).
The EMPA test incidentally has
now been running for more than
700 days.

Developed in the Lab,
proved in Practice
Various projects have been exe-
cuted to the full satisfaction of
both clients and contractors
since the introduction of Con-
crix fibres. After all, processing is
most straightforward. The fibres
are supplied in bundles making
it easy for them to be mixed pro-
perly with the cement and the
advantages for the machines,
resistance against aggressive
underground water, corrosion
resistance etc. are evident.
Further details are readily
available from the technical
service department of Brugg
Contec AG, the manufacturer of
Concrix. O

www.bruggcontec.com
info@bruggcontec.com
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Osterreich

Tunneltag 2012 in Salzburg

Auf dem diesjahrigen Osterrei-
chischenTunneltag am 10. Ok-
tober 2012 in Salzburg wurde
Uber besondere Herausforde-
rungen aktueller Gro3baustel-
len, Innovationen und Kreati-
vitdt zur Projektoptimierung
im Tunnelbau berichtet sowie
Uber neue Vergabemodelle
(ITA-Papier).

Das Osterreichische Natio-
nalkomitee der International
Tunnelling and Underground
Space Association (ITA) veran-
staltete gemeinsam mit seinen
Mitgliedern - Osterreichische
Gesellschaft fur Geotechnik
(OGG), Austrian Tunnel Asso-
ciation (ATA), Osterreichische
Bautechnik Vereinigung (6bv),
Osterreichische Forschungs-
gesellschaft StraBe-Schiene-
Verkehr und Osterreichischer
Ingenieur- und Architekten-
Verein (OIAV) - am 10. Okto-
ber 2012 seinen 8. Tunneltag
im Kongresszentrum Salzburg.
Der Tunneltag findet dort im
Zweijahresrhythmus in Verbin-
dung mit dem 61. Geomecha-
nik Kolloquium (11./12. Okto-
ber 2012, diesmal zu 50 Jahre
NATM) statt, woran fast 1000
Fachleute aus 26 Landern teil-
nahmen. Eingangs wurde Gber
das Wirken der ITA und der ITA
Austria (Prof. Dr. Robert Galler,
Montanuniversitat Leoben)
berichtet. Dazu gehort auch
die Herausgabe des Buches
,50 Jahre NATM - Erfahrungs-
berichte” [3], das alle Tagungs-
teilnehmer erhielten.

Besondere Herausfor-
derungen aktueller
GroB3baustellen

Der erste Halbtag befasste
sich mit Verdanderungen bei
der Planung und Ausfiihrung

Austria

2012 Tunnel Congress in Salzburg

Injektionsschlauche fiir das Blockhinterlegungssystem und in der Firste zum Verfllen des Firstspaltes

mit Zementsuspension

Injection hoses for the block filling system and the roof for filling the roof gap with cement slurry

(auch Sondervorschldagen)
sowie Anderungen infolge
der angetroffenen Gebirgs-
verhéltnisse.

Tunnelbau auf der
Bahnstrecke VDE 8.1
Erfurt-Ebensfeld am
Beispiel Tunnel Eier-
berge

Der 3.756 m lange zweiglei-
sige Eisenbahntunnel mit 3
Notausgdngen im Abstand
von 1000 m ist Teil der Neu-
baustrecke Ebensfeld-Erfurt
(107 km), einem Teilabschnitt
des Verkehrsprojektes Deut-
sche Einheit (VDE) Nr. 8 mit
der Aus- und Neubaustrecke
Nirnberg-Erfurt-Leipzig/Halle-
Berlin [4]. Er wurde mit 160 bis
190 m? Ausbruchquerschnitt
in zyklischem konventionellen
Sprengvortrieb und Sicherung
nach der Osterreichischen Tun-

At this year’s Austrian Tunnel
Congress on October 10, 2012
in Salzburg the main issues rela-
ted to special challenges posed
by current major construction
sites, innovations and creativity
designed to optimise tunnelling
projects as well as new award
models (ITA paper).

On October 10, 2012 the
Austrian national committee
of the International Tunnelling
and Underground Space Asso-
ciation (ITA) staged its 8" Tun-
nel Congress at the Salzburg
Congress Centre in conjunction
with its members - the Austri-
an Society for Geomechanics
(OGG), Austrian Tunnel Asso-
ciation (ATA), Austrian Society
for Construction Technology
(6bv), Austrian Research Soci-
ety for Research on Road and
Rail — Transport (FSV) and the
Austrian Society of Engineers

and Architects (OIAV). The Con-
gress takes place there every 2
years in conjunction with the
61 Geomechanics Colloguy
(October 11/12,2012 - on this
occasion marking 50 years of
the NATM) — with almost 1,000
experts from 26 countries in
attendance. To begin with the
activities of the ITA and ITA
Austria were dealt with (Prof.
Robert Galler, Montan Univer-
sity Leoben). This involved the
distribution of the publication
“50 Years NATM - Field Reports”
[3] to all those taking part.

Special Challenges
posed by current major
Construction Sites

The morning session dealt with
changes to planning and execu-
tion (including special proposals)
as well as alterations due to the
encountered rock conditions.
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(M. Mdiller, Alpine BeMo Tunnelling)

TVM mit 4,88 m Bohrkopfdurch-
messer vor dem Start in den Pinglu
Tunnel

TBM with 4.88 m cutterhead diame-
ter prior to starting up in the Pinglu
Tunnel

nelbauweise in 3 Abschnitte
(Kalotte, Strosse und Sohle) auf-
gefahren und liegt zur Ganze
unter dem Grundwasserspie-
gel. Das konstruktive Tun-
nelbauwerk wurde wegen der
vorherrschenden Wasserdriicke
bis 6 bar mittels druckwasser-
haltender Rundabdichtung mit
Kunststoffdichtungsbahnen
(KDB) und Ortbetoninnen-
schale (WUBK; 45 bis 95 cm)
druckdicht ausgebildet. Um
der Forderung einer wahrend
des Baus gednderten Richtlinie
(953.4101) nachkommen zu
kdnnen, musste ein integriertes
Injektionssystem (Bild 1) gep-
lant und eingebaut werden, das
bei der Deutschen Bundesbahn
(DB) in diesem Tunnel zum ers-
ten Mal zum Einsatz gelangte.

Sodermalmtunnel
Stockholm - ein Grenz-
gang

Der rd. 1,4 km lange zweiglei-
sige Tunnel mit parallelem
Rettungsstollen und entspre-
chenden Querstollen fir die

Citybanan, S-Bahn Stockholms,
(Hauptbaulos B-9528) wurde
in Gneiss-/Granitformationen
im Vollausbruch (rd. 100 bzw.
rd. 40 m? und mit Abschlags-
langen von bis zu 5 m tber-
wiegend im Sprengvortrieb
aufgefahren bei Versiegelung
des Gebirges mit stahlfaser-
bewehrtem Spritzbeton und
zuvor bis zu 20 m durch In-
jektionen mit eingebautem
Dichtschleier.

Neben 10 Tunnelkreuzungen
waren eine Reihe von schwie-
rigen Gebdudeunterfahrungen
zu bewdltigen, wie z.B. die Maria
Magdalena Kirche, élteste Kir-
che Stockholms, u.a. mit Selbst-
bohranker-Injektionsschirmen
oberhalb des Tunnels zum
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Tunnelling on the VDE
8.1 Erfurt-Ebensfeld
Rail Route taking the
Example of the Eier-
berge Tunnel

The 3,756 m long twin-track
rail tunnel with 3 emergency
exits set 1,000 m apart is part of
the new Ebensfeld-Erfurt route
(107 km), a part-section of the
German Unity Transport Project
No. 8 (VDE) including the new/
upgraded Nuremberg-Leipzig/
Halle-Berlin line [4]. It was driven
in 3 sections (crown, bench and
floor) and is located entirely be-
neath the groundwater level. It
has an excavated cross-section
ranging from 160 to 180 m?. Cyc-
lical conventional drill+blast was
applied and it was secured by

Durchschlag des Pinglu Tunnels nach 25,6 km Fahrt

Pinglu Tunnel breakthrough after driving 25.6 km

Vermeiden von Setzungen bei
schiitzenswerten Gebduden.
Dazu wurden Einzelheiten zur
Planung und Durchfiihrung
sowie zu Untersuchungen ge-
bracht.

Geologische und
logistische Herausfor-
derungen beim 26 km
TBM-Vortrieb des Ping-
lu Tunnels in China

Der Pinglu Tunnel ist Teil des
Yellow River Diversion Pro-
jekts (YRDP) und wesentlicher

the Austrian tunnelling method.
The tunnel structure was formed
to resist pressure resulting from
the prevailing water pressures
of up to 6 bar using a pressure-
water retentive continuous seal
with plastic sealing membranes
and in situ concrete inner shell
(45 to 95 cm). In order to be
able to comply with a guideline
(953.4101) which changed du-
ring construction, an integrated
grouting system (Fig. 1) was
planned and installed, which
was used by the Deutsche Bun-

desbahn (DB) in this tunnel for
the first time.

Stockholm Sodermalm
Tunnel - Borderline
The roughly 1.4 km long twin-
track tunnel with parallel evacua-
tion tunnel and corresponding
cross-passages for the Citybanan,
Stockholm's S-Bahn (main con-
tract section B-9528) was mainly
driven via drill-+blast with lengths
of advance of up to 5 m with the
rock being sealed with steel fib-
re reinforced shotcrete with prior
grouting involving an injection
curtain extending up to 20 m.
Apart from 10 tunnel intersec-
tions a number of tricky under-
tunnelling schemes had to be
tackled, e.g. involving the Maria
Magdalena Church, Stockholm's
oldest, with self-drilling anchor
grouting umbrellas above the
tunnel to avoid priceless buil-
dings being adversely affected
by settlements. In this connec-
tion, details relating to planning
and execution as well as investi-
gations were presented.

Geological and logisti-
cal Challenges affecting
the 26 km TBM Drive
of the Pinglu Tunnel in
China
The Pinglu Tunnel is part of the
Yellow River Diversion Project
(YRDP) and a major element of
the 156 km long North Main Line.
In this way, water from the Yellow
River (48 m?/s) is to be pumped
from the Wanjiazhai Reservoir
to a higher-level plateau in the
north-west of Shanzxi Province
in the People’s Republic of China,
where water is scarce in the 3 ur-
ban industrial centres of Taiyuan
(4 million inhabitants), Datong
and Suozhou (1.3/1.7 million
inhabitants).

The 25.6 km long Pinglu Tun-
nel [5] starts to the north-west
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Bestandteil der 156 km langen
North Main Line. So soll Was-
ser des Gelben Flusses (48 m*/s)
aus dem Wanjiazhai Reservoir
auf die hoher gelegene Loss-
Ebene im Nordwesten der Pro-
vinz Shanxi der Volksrepublik
China gepumpt werden, wo in
den 3 urbanen und industri-
ellen Zentren Taiyuan (4 Mio.
Einwohner), Datong und Shuo-
zhou (1,4/1,7 Mio. Einwohner)
Wassermangel herrscht.

Der 25,6 km lange Pinglu
Tunnel [5] beginnt nordwest-
lich von Suozhou (Bild 2), un-
terfahrt die Stadt Pinglu, hat
in Tunnelmitte eine Revisi-
onskaverne und fiihrt danach
in Richtung Westen in die
Demontagekaverne. Die ma-
schinelle Einrichtung fur den
Tunnelvortrieb wurde vom
Bauherrn zur Verfligung ge-
stellt und war teilweise Gber 10
Jahre alt, musste also vor dem
Einsatz erst aufgearbeitet und
erganzt werden, insbesondere
die TVM mit 4,88 m Bohrkopf-
durchmesser mit Nachlaufer
und ZED-Steuerung; fiir die Lo-
gistik sorgten 6 Zuggarnituren
(Ausbruchmaterial, Tibbinge,
Perlkies und Zement) mit 22 bis
25 km/h und der 540 m lange
Schragschacht zur Revisionska-
verne in Tunnelmitte.
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Innenansicht des Stuttgarter Hauptbahnhofs als Durchgangsbahnhof in Tieflage — Stuttgart 21

Interior view of Stuttgart Central Station as a deep-lying through station — Stuttgart 21

Der Tunnel wurde mit einem
hexagonalen Tubbingsystem
(4+0; 0,25/1,20 m) ausgebaut,
die Fugen mit quellfahiger
Masse zur Vermeidung von
Wasserverlusten durch Lecka-
gen ausgefiillt. Die Tibbinge
wurden unmittelbar hinter
dem Ringbereich mit Perlkies
hinterflllt und am Ende des
Nachldufers der Ringspalt mit
Mortel verpresst. Insgesamt
wurden 85.000 Stahlbeton-
Tldbbinge in einem Fertigteil-
werk hergestellt.

Es waren 4 schichtparallele
Kohlenfl6ze mit bis zu 12 m

of Suozhou (Fig. 2), undercuts
the city of Pinglu, possesses an
inspection chamber at its cent-
re and then runs westwards
into the disassembly chamber.
The mechanised equipment for
driving the tunnel was made
available by the client and was
in some cases more than 10 year
old so that it had to be processed
and supplemented prior to use.
This applied particularly to the
TBM with 4.88 m cutterhead di-
ameter with back-up systemand
ZED control. 6 train units cater for
the logistics (excavated material,
segments, pearl gravel and ce-

ment) at 22 to 25 km/h and there
is a 540 m long inclined shaft to
the inspection chamber at the
tunnel centre.

The tunnel was lined with a
hexagonal segment system (4+0;
0.25/1.20 m), the joints filled with
a swellable substance to avoid
loss of water through leaks. The
segments were backfilled with
pearl gravel immediately behind
the ring sector and the annular
gap grouted with mortar at the
end of the back-up. Altogether
85,000 reinforced concrete seg-
ments were produced at a plant
for prefabricated parts.

Massgeschneiderte Losungen fiir
Sicherheitstore im Bahn- und Strassentunnelbau

Die riesigen Spurwechseltore im Gotthard Basistunnel miissen extremen
Belastungen standhalten und héchste Anspriiche an Sicherheit und Dauer-
haftigkeit erfiillen. Uber 700 Tiiren und Tore von Elkuch Bator werden nach
Betriebsaufnahme des Weltrekordtunnels fiir die Sicherheit von Menschen

und Gitern sorgen. Zur Sicherheit — Elkuch Bator.

ELKUCH BATOR AG | CH-3360 Herzogenbuchsee | T +41 62 956 20 50 | elkuch-bator@elkuch.com | www.elkuch.com
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(DB ProjektBau GmbH, Stuttgart)

Neuordnung des Bahnknotens Stuttgart mit Tunnelbauten

New setup of the Stuttgart rail hub with tunnels

(DB ProjektBau GmbH, Stuttgart)

Neubaustrecke Wendlingen-Ulm mit Tunnelbauten

New Wendlingen-Ulm rail route with tunnels

Machtigkeit zu durchértern,
was den Einbau modernster
Gaserfassungstechnologie
(Gasalarm) und Vorkehrungen
bei der Luftung erforderlich
machte. Uber Strecken von 800
m fand eine Steinkohlegewin-
nung im Vollschnitt statt (62
Ringe/d).

Im Laufe der Vortriebsar-
beiten auf 25,6 km Lange wa-
ren einige geologische Probl-
embereiche zu meistern:

® Erhohter Verschleil am
Bohrkopf im ersten Tun-
nelabschnitt infolge ver-
schleiBharter Mineralien
(<5 Mpa) zusammen mit
Gebirgswasser (Schleifpas-
te)

® Absinken der TVM infolge
stark gestorter und ver-
witterter Bereiche (tonige
Schluffe mit bis zu 45%
Wassergehalt): nach um-
fangreicher Vorerkundung

4 parallel running coal seams up
to 12 mthick had to be penetra-
ted, requiring modern gas detec-
tion technology (gas alarm) to
be installed and precautions to
be taken for ventilation purpo-
ses. Full-face coal extraction was
carried out over 800 m sections
(62 rings/d).

A number of geological pro-
blem areas had to be mastered
during the driving operations
over 25.6km:

® |ncreased wear on the cutter-
head in the first tunnel section
owing to abrasive minerals
(<5 MPa) together with under-
ground water (grinding paste)

® Dipping of the TBM owing to
strongly faulted and weathered
zones (clayey silts with up to
45 % water content): creation
of a 50 m long bypass tunnel
after extensive exploration

® Penetration of karst structures,
some filled with water, mud or
large boulders

® |ngressing mud and water (up
to 190 1/s)

® Jamming of the TBM shield
involving a lengthy standstill
period on account of main-
tenance work (roof tunnel
above TBM)

The Pinglu Tunnel was broken
through after 49 months as
scheduled with rates of advan-
ce extending from 530 to 1,700
m/month (max. 75 m/d) in No-
vember 2010 (Fig. 3) enabling
the entire project to be com-
pleted in September 2011. The
construction costs for the tunnel
amounted to 84 million euros,
roughly 3,300 euros per running
metre of tunnel.

Major Project Stuttgart
21 - new Wendlingen-
Ulm Rail Route
Many associate the “Stuttgart
21" project primarily with its
best known element, the new
Central Station in Stuttgart (Fig.
4). Actually the project consist
of the 2 part-projects Stuttgart
21 and the adjoining new rail
line between Wendlingen and
Ulm [6].

The existing terminus station
in Stuttgartis to be replaced by a
through station — turned by 90°
and set at a lower level. In future
it will possess 8 tracks and 4 cen-
tral platforms each 320 m long
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Erstellung eines 50 m langen
Umgehungsstollens

® Durchorterung von Karst-
strukturen, teils mit Wasser,
Schlamm und groB3en Find-
lingen gefillt

® Schlamm- und Wasserein-
briiche (bis zu 190 I/s)

® Verklemmen des TVM-
Schildes mit ldangerem Still-
stand wegen Instandset-
zungsarbeiten (Firststollen
Uber TVM)

Der Durchschlag des Pinglu
Tunnels fand nach 49 Mona-
ten beiVortriebsleistungen von
530 bis 1.700 m/Mon (max. 75
m/d) im November 2010 statt
(Bild 3), zeitgerecht zur Gesamt-
fertigstellung des Projekts im
September 2011. Die Baukos-
ten flr den Tunnel betrugen
84 Mio. EUR, das sind rd. 3.300
EUR/Ifdm Tunnel.

GroB3projekt Stuttgart
21 - Neubaustrecke
Wendlingen-Ulm

Viele verbinden mit dem Pro-
jekt ,Stuttgart 21" in erster
Linie das in der Offentlichkeit
bekannteste Bauwerk, den
neuen Stuttgarter Haupt-
bahnhof (Bild 4). Das Projekt
besteht aber aus den beiden
Teilprojekten Stuttgart 21 und
der abschlieenden Neubau-
strecke (NBS) zwischen Wend-
lingen und Ulm [6].

Der bestehende Stuttgarter
Kopfbahnhof wird zu einem
um 90° gedrehten und tiefer
gelegten Durchgangsbahnhof
umgebaut, und zwar kiinftig
mit 8 Gleisen an 4 je 420 m
langen Mittelbahnsteigen,
wobei die neuen Gleise in
etwa 11 mTiefe liegen (Bild 4).
Der neue Bahnhof wird in alle
Richtungen an das regionale
und Uberregionale Schienen-
netz Uber 4 Zufahrtsgleise je

Bahnhofskopf angeschlossen.
Die Bauarbeiten fiur den Tief-
bahnhof Stuttgart, u.a. die Zu-
fahrtstunnel zum Bahnhof am
Nord- und Stidkopf in offener
Bauweise, sind bereits verge-
ben (300 Mio. EUR).

Zum Teilprojekt Stuttgart 21
gehoren auch 9 Tunnel mit 33
km Lange bzw. 55 km Rohren-
lange, und zwar im Norden die
Tunnel Bad Cannstadt (3,8 km)
und Ober-/Untertlirkheim (6
km), im Westen der Tunnel Feu-
erbach (3,2 km), sowieim Siiden
als langster der Fildertunnel
(9,5 km) zum Flughafen (Bild
5) mit einem neuen unterir-
dischen Flughafenbahnhof und
weiter in Richtung Wendlingen
derTunnel Denkendorf (700 m).
Die Tunnel haben (iberwiegend
2 eingleisige Rohren, die durch
Querschldage miteinander ver-
bunden werden. Die Rohbau-
arbeiten firr die Tunnel wurden
inzwischen zu 90 % vergeben;
die Inbetriebnahme ist 2020
geplant.

Zur im Suden anschlie-
Benden 60 km langen NBS
Wendlingen-Ulm (250 km/h)
gehoren 4 Tunnel mit 30 km
Gesamtlange mit je 2 ein-
gleisigen Réhren (Bild 6): im
Norden der Albvorlandtunnel
(8,2 km), anschlieBend der
Bof3ler- und Steinbihltunnel
(8,8/4,8 km), sowie vor Ulm der
Albabstiegstunnel (5,9 km).
In Anbetracht der inzwischen
durchgefiihrten geologischen
Untersuchung (quellfdhiges
und druckhaftes Gebirge so-
wie Verkarstungen) werden
die Bauarbeiten zu diesen
Tunnelbauwerken beginnen.
Durch den Bau dieser Hochge-
schwindigkeitsstrecke ist eine
wesentliche Verringerung der
Fahrzeit von Stuttgart nach
Ulm von 54 auf 28 Minuten
moglich.
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— with the new tracks relocated
some 11 m deeper (Fig. 4). The
new station will be linked in all
directions to the regional and
supraregional rail network via
4 access tracks at each end. The
construction work for the Stutt-
gart deep-lying station including
the access tunnels to the station
at its north and south ends has
already been awarded (300 mil-
lion euros).

The Stuttgart 21 part-project
also embraces 9 tunnels total-
ling 33 kmin length —and a bo-
red length of 55 km — namely
the Bad Cannstadt Tunnel (3.8
km) and Ober/Unterttrkheim
(6 km) tunnels in the north, the
Feuerbach Tunnel (3.2 km) in
the west and the Filder Tunnel

(9.5 km) - the longest — in the
south leading to the Airport
(Fig. 6) with a new underground
airport station and running on
towards Wendlingen through
the Denkendorf Tunnel (700
m). The tunnels largely have 2
single-track bores, which are
connected to one another by
cross-passages. 90% of the
roughwork has already been
awarded; services are scheduled
to commence in 2020.

4 tunnels totalling 30 km
each with 2 single-track bores
(Fig. 6) belong to the 60 km long
new Wendlingen-Ulm rail route
adjoining towards the south: the
Albvorland Tunnel (8.2 km) in the
north, followed by the BoBler
and SteinbUhl tunnels (8.8/5.8
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Innovation und Krea-
tivitat zur Projektopti-
mierung im Tunnelbau
Nach Verleihung des Innovati-
onspreises (letzter Abschnitt)
berichteten die beiden Vorsit-
zenden des zweiten Halbtages
eingangs tber Innovation und
Kreativitat zur Projektoptimie-
rung im Tunnelbau.

Nach Prof. Dr. Hans Georg
Jodl von derTU Wien,brauchen
Tunnelprojekte Kooperation”
in der Abwicklung, und zwar
in der Zusammenarbeit von
Personen oder Gruppen, im
Vorhandensein eines gemein-
samen Ziels, Autonomie im
Sinne der Entscheidungs- und
Handlungsspielraume, aber
gegenseitige Abhdngigkeit
bei der Zielerreichung, Bereit-
schaft und Wille zu einer fairen
und offenen Zusammenarbeit
und gegenseitiges Vertrauen,
denn konsensuale Handlungen
und Entscheidungen fiihren zu
einem beidseitigem Nutzen.
Fur die Verstandlichkeit eines
Textes sind Einfachheit (statt
Kompliziertheit), Gliederung/
Ordnung (statt Unubersicht-
lichkeit/Zusammenhanglo-
sigkeit) und Kirze/Pragnanz
(statt Weitschweifigkeit)n ver-
antwortlich.

Danach brachte Prof. Dr.
Walter Purrer von der Univer-
sitat Innsbruck Beispiele fiir
die ,Projektoptimierung als
System” mit Kooperation auf
der Baustelle [7], wie Konflikt-
management und Streitschlich-
tung, und forderte Vertrauen
im System (Bild 7), den Zu-
sammenhang von Denkmus-
tern (ARS) und Vertragsregeln
(CONSTRUCTIO) mit Qualitat
der Kooperation.

Im Zusammenhang mit
mehreren nationalen und in-
ternationalen Bestrebungen,
die ,Kooperation im Bauwe-

sen” zu verbessern, hat eine
Arbeitsgruppe der ITA Austria
ein neues Vergabemodell fiir In-
frastrukturprojekte (VIP) entwi-
ckelt, das zurzeit mit Vertretern
von Auftraggebern abgestimmt
und weiterentwickelt wird. Das
VIP verfolgt als wesentliches
Ziel eine Abkehr vom derzeit
dominanten ,Billigst-/Bestbie-
terprinzip”, bei dem qualitative
Kriterien keine oder nur eine
untergeordnete Rolle spielen;
es legt ein hoheres Gewicht auf
qualitative Zuschlagskriterien
und strebt an, den Zuschlag je-
nem Bieter zu erteilen, dessen
Angebot den hochsten,Nutzen
fur die Gesellschaft” hat.

Danach folgten Stellung-
nahmen aus Sicht der Auf-
traggeber (Asfinag), der Planer
(OBA) und der Auftragnehmer
(Alpine Bemo Tunneling) mit
anschlieBender Diskussion mit
zahlreichen Anregungen und
kritischen Einwanden.

Weitere Einzelheiten Uber
den 8. Osterreichischen Tun-
neltag enthalt Heft 6/2012
Geomechanik und Tunnelbau.
Der nichste Osterreichische
Tunneltag wird am 8. Oktober
2014 wieder zusammen mit

Tunnel 8/2012

km) as well as the Albabstieg
Tunnel (5.9 km) before Ulm. After
carrying out geological investi-
gations (swellable and compres-
sive rock as well as karstification)
construction work on these tun-
nels can now forge ahead. This
high-speed line will enable tra-
velling times between Stuttgart
and Ulm to be cut considerably
- from 54 to 28 minutes.

Innovation and Creati-
vity for Project Optimi-
sation in Tunnelling
After awarding the Innovation
Prize (last section), the 2 persons
responsible for chairing the after-
noon session first turned to inno-
vation and creativity for project
optimisation in tunnelling.
According to Prof. Hans Ge-
org Jodl from Vienna TU “tunnel
projects require cooperation”
for their development namely
the collaboration of persons
or groups given the presence
of a common aim, autonomy
with regard to taking decisions
and action but mutual depen-
dence for attaining the target,
preparedness and will towards
fair and open cooperation and
mutual trust, for consensual ac-

(W. Purrer, Universitat Innsbruck)

Systemteil
»Constructio”

7

Systemteil
~ARS"

Regeln der
Zusammenarbeit
+
Befolgung dieser Regeln

~Kompetenzen” im
Umgang mit Menschen
(Komplexitat)
»Soft skills”

4

Vertrauen zwischen den
Projektbeteiligten

Qualitdt der Kooperation
Anreize fiir Projektoptimierung

A

Vertrauen im System: Zusammenhang von Denkmustern (ARS) und Vertrags-
regeln (CONSTRUCTIO) mit Qualitat der Kooperation

Trust in the system: association between thought patterns (ARS) and contract
rules (CONSTRUCTIO) with quality of cooperation

tions and decisions are of benefit
to both sides. Simplicity (rather
than complicity), structure/order
(rather than elaborateness/dis-
jointedness) and brevity/conci-
seness (rather than verbosity) are
what matter.

Then Prof. Walter Purrer from
Innsbruck University provided
examples of “Project Optimisati-
on as System” with cooperation
on the construction site [7] such
as conflict management and dis-
pute arbitration — and called for
faith in the system (Fig. 7), the
association of thought patterns
(ARS) and contract rules (CONS-
TRUCTIO) with quality of coope-
ration.

In conjunction with various
national and international att-
empts to improve “‘cooperation
in construction engineering’, an
ITA Austria working group devi-
sed a new award model for in-
frastructure projects (VIP), which
currently is being discussed and
further developed with clients
representatives. The VIP is large-
ly concerned with getting away
from the currently prevailing
‘cheapest/best bidder principle’,
in the case of which qualitative
criteria have no or only a minor
role to play. Greater emphasis is
placed on qualitative criteria for
awarding contracts and an effort
is being made to commission
the bidder whose offer affords
the highest "benefit for society”.
This was followed by responses
on the part of the client (Asfi-
nag), the planner (OBA) and the
contractor (Alpine Bemo Tunne-
ling) with an ensuing discussion
involving numerous suggestions
and critical objections.

Further details on the 8"
Austrian Tunnel Congress are to
be found in Issue 6/2012 Geo-
mechanik und Tunnelbau. The
next Austrian Tunnel Congress
will take place on October 8,

1
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dem 63. Geomechanik-Kollo-
quium (9./11. Oktober 2014)
in Salzburg/A stattfinden und
davor der ndchste World Tunnel
Congress (WTC) vom 31. Mai bis
7.Juni 2013 in Genf/CH und am
9./11. Oktober 2013 das nachs-
te Geomechanik-Kolloquiumin
Salzburg/A.

Innovationspreis
Tunneltag
Der Preis fir Innovationen
aus dem Bereich Tunnelbau-
planung und -ausfihrung, der
von weittragender praktischer
Bedeutung fur den Tunnelbau
ist, wurde dieses Jahr zweimal
vergeben (je 1500 Euro und
Preisstatue), und zwar fir
® Reduzierung von Sprenger-
schiitterungen durch ver-

einfachte, nichtelektrische
Sektorziindung im inner-
stadtischen Tunnelbau

® Alternativer Abdichtungsan-
schluss einer KDB-Abdich-
tung in Querschldagen an
eine einschalig hergestellte
abgedichtete Tiibbingaus-
kleidung mit einem Grund-
wasserdruck bis 6 bar. G.B.

Veranstaltungen Events

63

2014 once again in conjunction
with the 63 Geomechanics
Colloquy (October 9/11, 2014)
in Salzburg/A. The next World
Tunnel Congress (WTC) is sche-
duled for May 31 to June 7,2013
in Geneva/CH with the next
Geomechanics Colloquy being
staged at Salzburg/A on October
10/11,2013.
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Congress Innovation

Prize

The prize for innovations from

the field of planning and executi-

on in tunnelling, which is of out-

standing practical importance

for tunnelling, was awarded

twice this year (each involving

1,500 euros and a statue). These

awards were for

® Reducing blast vibrations
through simplified, non-elec-
tric sector ignition in urban
tunnelling and

® Alternative sealing connection
of a plastic sealing membrane
in cross-passages for a single-
shell waterproofed segmen-
tal lining with up to 6 bar
groundwater pressure.  G.B.

BrennerCongress 2013
Internationales Symposium
Brenner Basistunnel

21.+22. Februar 2013,
Bozen/Italien
Wissenschaftliche Leitung:
Univ.-Prof. Konrad Bergmeister,
Universitat fir Bodenkultur
Wien/A

Univ.-Prof. Walter Purrer, Fakul-
tat fr Bauingenieurwissen-
schaften der Leopold Franzens
Universitat Innsbruck/A
Informationen:
www.brennercongress.com

TU-Seoul 2013
International Symposium on
Tunnelling and Underground
Space Construction for Su-
stainable Development

18% to 20" March 2013,
Seoul/Korea

Contact:

Korean Tunnelling and Under-
ground Space Association
General Secretariat

#1411 Seocho Kukge Electronic
Center

1445-3 Seocho-dong, Seocho-gu,
Seoul 137-728, Korea

Tel.:  +82-2-3465-3665

Fax:  +82-2-3465-3666
E-Mail: krtna@chollian.net
www.tunnel.or.kr
www.tu-seoul2013.org

28. Christian Veder

Kolloquium

mit Fachausstellung

4.+5. April 2013, Graz/A

Institut fir Bodenmechanik

und Grundbau

Ao.Univ.-Prof. Dr. techn. Helmut

F. Schweiger, M.Sc.

TU Graz, RechbauerstraBe 12,

8010 Graz/A

Tel.: +43 316-873-6234

Fax:  +43316-873-6232

E-Mail: helmut.schweiger@
tugraz.at

www.cvk.tugraz.at

39" ITA/WTC in Geneva/
Switzerland

with Swiss Tunnel Congress
2013 in Genf/CH
Underground - the way to the
future!

315t May - 7" June 2013
Geneva/Switzerland
Information:

WTC 2013 Congress Chair
Felix Amberg

Phone: +41 844 310513

Fax:  +41817253102
E-Mail: info@wtc2013.ch
www.wtc2013.ch

62. Geomechanik-
Kolloquium 2013

10.+ 11. Oktober 2013,
Kongresshaus, Salzburg/A
Neue Adresse:

Osterreichische Gesellschaft fiir
Geomechanik

Innsbrucker Bundesstra3e 67,
5020 Salzburg/A

Tel.  +43662 875519

Fax:  +43 662 886748

E-Mail: salzburg@oegg.at

www.oegg.at

Spezialseminare am 9. Oktober

2013:

1) Charakterisierung von Sto-
rungszonen

2) Versagensprognose in der
Geotechnik

STUVA-Tagung 13
STUVA Conference "13

ICS Stuttgart

27.-29. November 2013,
Stuttgart/D

27.-28. November 2013:
Vortragsveranstaltung mit be-
gleitender Fachausstellung
29. November 2013:
Besichtigungen

STUVAeV.
Mathias-Briiggen-Stra3e 41
D-50827 Koln

Tel:  +4922159795-0
Fax:  +4922159795-50
E-Mail: info@stuva.de
www.stuva.de
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Alle Vorteile eines
Abonnements + einen
iPod als Geschenk.

4 Ausgaben tunnel im Kennenlern-Paket:

Sie sparen 14,50 EUR im Vergleich zum Einzelheftkauf
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1 x iPod Shuffle 2 GB kostenlos dazu!

www.tunnel-online.info



Using blast plane as the basis for planning makes all the difference
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Intelligence
expanded

Well planned is halfway done. To support you in your daily tunneling work,
Sandvik has expanded the intelligent iSURE tunneling excavation management
tool to be compatible with not only computer-controlled jumbos but also with
instrumented models.

iSURE is designed for the people on site. Even if it is revolutionary in its
approach, it still follows the natural way of thinking. The iSURE uses the

most critical location of the round — the blast plane — as the basis for the whole
planning process. As a result, hole locations, and thus blasting, are optimized.
This means excellent accuracy, fast process and high profile quality.

Not to mention large-scale savings. Sandvik — understanding underground.

*Learn more about iSURE at www.understandingunderground.sandvik.com
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