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VaZeni Ctenari,

toto ¢islo odborného ¢asopisu Tunel vychazi v dobé konani 15. ro¢niku mezinirodni konference Podzemni stavby Praha 2023
a je soucasti konferenénich materialt. Jedna se o nejvétsi tuneldfskou konferenci v Ceské republice, kterd navazuje na jeji pred-
chozi ro¢niky, které byly pravidelné poradany kazdé tri roky. Vzhledem k pandemii byl tento rocnik konference posunut o jeden
rok. S ohledem na zkuSenosti z pandemie byla béhem pfipravy zvaZovana hybridni forma konference, kterd se osvédcila pii po-
fadani Tunelarskych odpoledni. Nakonec jsme se vSak rozhodli konferenci usporadat bez moznosti online pfipojeni posluchaci,
protoZe osobni setkdni ucastniku je jednim z hlavnich cili. Obdobné jako v minulosti jsme se pokusili ten leto$ni ro¢nik trochu
ozivit. Proto letos bude porddan v nedéli pred konferenci doprovodny kurz, zaméfeny na vyuZiti BIM pro podzemni stavby. Dale
také probéhne panelova diskuse zaméfend na havarie tuneld. Na obou téchto akcich vystoupi renomovani zahrani¢ni fecnici.
Podobné akce byly soucasti konference v roce 2019 a mély velmi dobrou odezvu.

Réd bych touto cestou pod€koval v§em, ktefi svym dilem prispéli ke zdarné ptipraveé konference. Jedna se predevsim o Cleny
ptipravného vyboru a védecké rady, ktefi konferenci dlouhodobé piipravovali. Velmi ocefiujeme vstiicnost renomovanych vyzvanych fe¢nikd, ktefi svymi
prednaskami a piispévky nepochybné zvySuji prestizZ a atraktivitu konference. Dékujeme i v§em ostatnim autortim za ptispévky do sborniku konference,
ustni prezentaci a postery. Je tfeba zminit partnery konference, jejichZ finan¢ni prispévky se opét piiznivé promitly do vySe vloZného a rozsahu nabize-
nych sluzeb. Také je vhodné pod€kovat v§em vystavovateliim a podporujicim organizacim vcéetné Mezinarodni tunelarské asociace ITA-AITES, ISSMGE
a ISRM. V neposledni fadé bych rad podékoval v§em organizacim, které podpofily ticast svych zaméstnancti na konferenci. Obdobné, jako v minulosti,
pri organizaci konference asistuje agentura Guarant.

Toto ¢islo ¢asopisu Tunel je vénovano dvéma platinovym partnerim konference PS 2023, spole¢nostem Metrostav a Subterra. Prvni tfi ¢lanky pfipravili
autofi z firmy Metrostav. Prvni ¢lanek je ohlédnutim za historii pouZiti tunelovacich Stitll pfi razbach metra v Praze, ktera se zaCala psat pfed 55 lety prvnim
Stitem dodanym ze Sovétského svazu pro trasu C a v nejblizsi dobé bude nejspis pokracovat modernimi zeminovymi $tity na nové trase D. Druhy ¢lanek
nas zavede na razbu na Faerské ostrovy, kde Metrostav nyni razi sviij prvni tunel. Tteti ¢lanek je zaméfen na kratsi hloubeny tunel v Plzni, ktery bude slouZit
pro kiiZeni silnice a Zeleznice. Obdobné jako Metrostav ma i Subterra v tomto Cisle tfi ¢lanky. Prvni z nich popisuje silni¢ni obchvat Stockholmu, na jehoz
razbach se Subterra podili. Dalsi ¢lanky nas zavedou do Brna a jeho okoli, kde spole¢nost Subterra realizovala razby tramvajového tunelu Zabovieska
a rekonstrukei Ctyf ZelezniCnich tuneltl na trati Brno — Adamov. Posledni ¢lanek, na rozdil od Sesti ¢lanka z riznych realizaci, je zaméfen teoreticky na
stanoveni varovnych stavii pomoci obecné polygondlni metody.

Ctenaitim Casopisu peji piijemné a poucné éteni. Viem tcastnikiim konference pieji, aby si konferenci nalezit& uZili, a to jak jeji odbornou stranku, tak
i stranku spolecenskou, kterou jsme v dobé pandemie vSichni postradali.

Zdar Buh!
prof. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE
predseda védecké rady konference PS 2023
¢len redakcni rady casopisu Tunel
Dear readers,

this issue of the professional journal Tunel is published at the time of the 15th international conference Underground Construction Prague 2023 and is
part of the conference materials. It is the largest tunnel construction conference in the Czech Republic, following up to its previous years, which were held
regularly every three years. Due to the pandemic, this conference session was postponed by one year. Taking into account the experience of the pandemic,
a hybrid form of the conference was considered during the preparation, which proved to be successful when organising the Tunnel Afternoons. In the end,
however, we decided to organise the conference without the possibility of joining the audience online, because the meeting of the participants in person is
one of the main goals. As in the past, we again tried to revive this year‘s event a bit. Therefore, an accompanying course focused on the use of the BIM for
underground construction will be organised this year on the Sunday before the conference. In addition, we will hold a panel discussion focused on tunnel
accidents. Renowned foreign speakers will speak at both of these events. Similar events were part of the conference in 2019 and had a very good response.

I would like to take this opportunity to thank everyone who contributed to the successful preparation of the conference. These are mainly members of the
preparatory committee and the scientific council, who had been preparing the conference for a long time. We greatly appreciate the help of the renowned
invited speakers, whose lectures and contributions undoubtedly increase the prestige and attractiveness of the conference. We also thank all other authors
for contributions to the conference proceedings, oral presentations and posters. It is necessary to mention the partners of the conference, whose financial
contributions were again favourably reflected in the amount of enrolment fee and the range of services offered. It is also appropriate to thank all exhibitors
and supporting organisations including the International Tunnelling Association ITA-AITES, ISSMGE and ISRM. Last but not least, I would like to thank
all the organisations that supported the participation of their employees in the conference. Similarly, as in the past, the Guarant agency assists with the
conference organisation.

This issue of Tunel journal is dedicated to the two platinum partners of the UC 2023 conference, Metrostav and Subterra. The first three papers were
prepared by authors from the company of Metrostav. The first paper is looking back at the history of the use of tunnelling shields in the excavation of the
metro tunnels in Prague, which began 55 years ago with the first shield delivered from the Soviet Union for Line C and will probably continue in the near
future with modern Earth Pressure Balance shields on the new Line D. The second paper takes us to the tunnelling in the Faroe Islands, where Metrostav
is now driving its first tunnel. The third paper is focused on a shorter cut-and-cover tunnel in Plzefi, which will be used for the intersection of a road and
a railway track. Similar to Metrostav, Subterra also has three papers in this issue. The first of them describes the motorway bypass of Stockholm, in the
tunnelling project in which Subterra participates. Further papers will take us to Brno and its surroundings, where the company of Subterra completed the
excavation of the Zabovieskd tram tunnel and the reconstruction of four railway tunnels on the Brno — Adamov line. The last paper, in contrast to the six
papers from different projects, is theoretically focused on the determination of the alert trigger levels using the general polygonal method.

I wish the readers of the journal a pleasant and informative reading. I wish all conference participants to enjoy the conference properly, both its
professional side and the social side, which we all missed during the pandemic.

God speed you!

Prof. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE
Chairman of Scientific Council of UC 2023 conference
member of Editorial Board of Tunel journal
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¢islo, které se vam dostava do rukou, je vénovano
firmam Metrostav a.s. a Subterra a.s. a zaroven jiZ
15. ro¢niku konference Podzemni stavby Praha. Kon-
ference, ktera si v pribéhu Casu ziskala obrovské re-
nomé nejen u Ceské, ale i svétové odborné vetejnosti
a jeji konani je vzdy svatkem pro odborniky z oboru
podzemniho stavitelstvi.

Je také okamzikem, ktery svym zpisobem vybi-
zi k ohlédnuti se a k bilancovani Ctyf let, ktera od
minulé konference uplynula. Bylo to obdobi, ve kterém si
soucasny globalizovany svét prosel do té doby nepoznanymi
vyzvami. Ochromila jej virova pandemie, kterd spustila feté-
zec udalosti vedouci k omezeni dodavek materiald, vyrobki,
ale i pracovnich sil. Globalni ekonomické trhy pfirozené re-
agovaly rdstem cenovych hladin. V poc¢itku minulého roku
zacala védlka na Ukrajiné a inflacni spirdla nabrala na jesté
vysS§ich obratkach. To, co jsme diive povazovali za samoziej-
mé, dlouhodobé neménné a jisté, stava se nejistym, proménli-
vym aZz pomijivym. Jsou to kuptikladu zdroje surovin, energii
a vody.

S nelehkou situaci se pochopitelné musela vyporadat i spo-
le¢nost Metrostav a.s. a mé té$i moznost konstatovat, Ze si
diky svym zaméstnancim, schopnym na okolni podminky
pruzné reagovat, s touto situaci poradila. Stavby v tuzemsku
i v zahrani¢i byly realizovany ke spokojenosti investori jen
s minimalnimi omezenimi. Z vyznamnych podzemnich staveb
jmenujme dokonceni slovenskych tunelt Zilina a PreSov, nor-
skych Slgrdal, Mjgnes a kabelovod v Bergenu, islandsky tunel
na Zapadnich fjordech — Arnafjordur, Dyrafjordur, razby metra
ve Stockholmu a dokonceni geologického prizkumu Metra D
v Praze.

Spole¢nost Metrostav a.s. prosla rovnéZ restrukturalizaci
s cilem pfizpdsobit se novym trendim a soucasnym poZadav-
ktm stavebniho trhu. V rdmci skupiny byly zaloZeny kupfikla-
du nové dceriné spole¢nosti Metrostav Norge AS ¢i Metrostav
TBR a.s., které jsou zaméfeny vyhradné na dopravni stavitel-
stvi a vice regionalné, tak dokazi efektivné rozvijet svou speci-
alizaci a budovat unikatni kapacity v daném oboru.

V zavéru bych se rad jesté vratil ke konferenci Podzem-
ni stavby Praha 2023 s podékovanim, pfivitinim a popfanim.
Podékovat se slusi ¢lentim piipravného vyboru konference za
jejich nékolikaleté dsili a obétavost, s jakou k pfipravam pii-
stupuji. Bez téchto lidi by nebylo mozné takto vyznamnou
konferenci zorganizovat. Rad bych privital vSechny tcastniky,
zvlast€ zahrani¢ni. VSem bych pak rad popril, at se konferen-
ce vydari, poslouzi k obohaceni o nové teoretické poznatky,
k rozsifeni okruhu znamych a pratel. A at si vSichni dcastnici
z Prahy odvezou jen pozitivni vzpominky.
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DEAR READERS OF TUNEL JOURNAL,

the issue you are receiving is dedicated to the
companies of Metrostav a.s. and Subterra a.s. and, at
the same time, to the 15" international conference
Underground Construction Prague. The conference
has gained a huge reputation over time not only
among the Czech, but also the world‘s professional
public. The conference days are always a holiday for
experts in the field of underground construction.

They are also a moment that, in a way, encourages
us to look back and take stock of the four years that have passed
since the last conference. It was a period in which the current
globalised world went through unprecedented challenges
unknown until then. It was paralysed by a viral pandemic,
which triggered a chain of events leading to a reduction in the
supply of materials, products, and labour. Global economic
markets naturally responded by increasing price levels. At
the beginning of last year, the war in Ukraine started and the
inflationary spiral gained even higher momentum. What we
previously considered self-evident, long-term unchanging and
certain, becomes uncertain, changeable and even ephemeral, for
example, sources of raw materials, energy and water.

Of course, Metrostav a.s. also had to deal with a difficult
situation, and I am pleased to say that thanks to its employees,
who are able to react flexibly to the surrounding conditions, it
coped with this situation. Construction projects domestic and
abroad were carried out to the satisfaction of clients with only
minimum restrictions. Important underground construction
projects include the completion of the Zilina and Pre$ov tunnels
in Slovakia, the Norwegian tunnels Slgrdal, Mjgnes and the
cable duct in Bergen, the Icelandic tunnel in the Western Fjords
— Arnafjordur, Dyrafjordur, the driving of subway tunnels in
Stockholm and the completion of the geological survey for
Metro D line in Prague.

The company Metrostav a.s. also underwent restructuring in
order to adapt to new trends and current requirements of the
construction market. For example, new subsidiaries Metrostav
Norge AS or Metrostav TBR a.s. were founded within the
group. They are focused exclusively on transport construction
and more regionally, and are thus able to more effectively
develop their specialisation and build unique capacities in the
given field.

Finally, I would like to return to the Prague 2023 Underground
Construction Conference with thanks, giving a welcome and
best wishes. It is appropriate to thank the preparatory committee
of the conference for several years of their effort and the
dedication with which they have approached the preparations.
Without these people, it would not be possible to organise such
an important conference. I would like to greet all participants,
especially foreign ones. I would like to wish everyone that the
conference is a success and that it will serve to enrich us with
new theoretical knowledge and to expand the
circle of acquaintances and friends. Let all the
participants bring home only positive memories
from Prague.

ING. FILIP KRESTAN
vyrobné-technicky reditel
spole¢nosti Metrostav a.s.

Chief Technical and Operating Officer
of Metrostav a.s.
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VAZENI CTENARI,

poetickymi slovy jednoho z ceskych mezivalec-
nych basnikt, Evropa v lofiském roce ,,vystiizlivé-
la z krasného snu o kvetouci zahradé“. My také. Po
dvou covidovych letech jsme spadli z blata do lou-
Ze plné vysoké inflace a drahych energii. Rozhorel
se 1 vale¢ny konflikt, ktery si do té chvile sotva kdo
dokazal predstavit. Doba levnych penéz a narokové-
ho blahobytu skoncila, stejné jako snéni o snadném
a rychlém ptechodu ke svétu Cistych energii. ,,Nesne-
sitelnd lehkost byti* se stala minulosti, i kdyZ to mnozi zatim
nechtéji plné pochopit.

Navzdory v8em negativnim udalostem minulého roku proka-
zalo Ceské stavebnictvi svoji silu, a i diky setrvacnosti typic-
ké pro stavebni trh zaznamenalo mirny meziro¢ni nartist. Ani
Subterra a jeji divize podzemniho stavitelstvi si nevedly Spatné.
Byly dokonceny vystavby tunelu Milochov na slovenské trati
v tiseku Ptichov — Povazska Tepld a tramvajového tunelu Zabo-
vieskd v Brng, stejné jako rekonstrukce Ctyf Zelezni¢nich tunela
na trati Brno-Maloméfice — Adamov. O poslednich dvou stav-
bach se v tomto ¢isle doctete bliZze. Vedle jiZ zminéného Slo-
venska se divize v zahrani¢i uplatnila i v dalSich zemich, a to
v Némecku a ve Svédsku. Praci ve Svédsku piiblizuje ¢lanek
o realizaci betonovych konstrukci v tunelech podchézejicich
jezero Milaren na nové budované Casti dalnicniho obchvatu
Stockholmu s oznacenim FSE209. Na stejné stavbé byly pro-
vadény i betondZe nijezdovych ramp, které budou letos dokon-
¢eny. V Némecku Subterra pracovala spole¢né s nasi sesterskou
koncernovou spole¢nosti BeMo Tunnelling na vystavbé tunelu
Kramer, ktery bude soucasti obchvatu mésta Garmish-Parten-
kirchen. Prace tam budou pokracovat i letos, na rozdil od tunelu
Spitzenberg na dalnici A 44, ktery byl loni dokonéen. Pfiddme-
-1i k tomuto vyctu jest€ Metro ID, tsek Pankrac — Olbrachtova,
je naSe bilance lofiského roku v podzemnim stavitelstvi velmi
dobra.

A jaké jsou vyhlidky? Véfme, Ze tinorova kometa, kterou na-
posledy vidé€li neandrtélci pred 50 tisici lety, nebude pro rok
2023 Spatnym znamenim, natoz pak symbolem névratu do je-
jich casu.

I kdyZ do recese zfejmé upadne znacna Cast svéta, ekonomiky
EU vcetné té Ceské nevyjimaje, vétsina odbornikd predpoklada,
Ze recese u nas bude mélka a nebude dlouha. Stejné jako covi-
dova pandemie se nekterych profesi dotkne vice, jinych méné
a nejinak tomu pravdépodobné bude i u jednotlivych stavebnich
oborl. Zatimco v pozemnim stavitelstvi 1ze ocekavat pomér-
né citelné ochlazeni, v inZenyrském stavitelstvi jsou vyhlidky
lepsi, a to jak diky vétsi setrvacnosti projektd, tak i diky histo-
ricky nejvy$simu rozpoc¢tu SFDI a perspektivé jeho navySovani
i v dalSich letech. Snad se vlada bude drZet schvalenych strate-
gii a ke sniZeni investic nepfistoupi. DileZitost roku
2023 pro nas obor je v tom, zda se tato ocekavani
naplni. Nepropadejme hned na jeho zacatku skep-
si a Skarohlidstvi, na konci tunelu se svétlo objevi
vzdycky.

ONDREJ FUCHS

Tuel

DEAR READERS,

in the poetic words of one of the Czech interwar poets,
last year Europe ,,came to its senses from a beautiful
dream of a blooming garden®. So did we. After two
years of covid, we have jumped out from the frying pan
into the fire that radiates high inflation and expensive
energy. A military conflict broke out, which hardly
anyone could have imagined until that moment. The era
of cheap money and entitlement to well-being is over,
as well as the dream of an easy and quick transition to
a world of clean energy. The ,,unbearable lightness of
being*, which is the title of a Czech popular novel, has become
a thing of the past, although many do not want to understand it
fully yet.

Despite all the negative events of the past year, the Czech
construction industry proved its strength and, thanks to the inertia
typical for the construction market, recorded a slight year-on-
year growth. Subterra and its underground construction division
performed quite well too.

The construction of the Milochov tunnel on the Slovak rail line
in the Pichov — Povazsk4 Tepla section and the Zaboviesk4 tram
tunnel in Brno were completed, as well as the reconstruction of
four railway tunnels on the Brno-Maloméfice — Adamov line. You
can read more about the last two projects in this issue. Apart from
the above-mentioned Slovakia, the division also performed well
in other countries, namely in Germany and Sweden. The work in
Sweden is presented in detail by the article on concrete structures
in the tunnels passing underneath Lake Mélaren on the newly built
section of the Stockholm motorway bypass with the designation
FSE209. On the same project, concreting of the access ramps
has also been carried out. The work will be completed this year.
In Germany, Subterra worked together with our sister company
BeMo Tunnelling on the construction of the Kramer tunnel,
which will be part of the Garmish-Partenkirchen bypass. Work
there will continue this year, while the Spitzenberg tunnel on the
A 44 motorway was completed last year. If we add Metro ID line
section Pankrac — Olbrachtova to this list, the overall result of
underground construction works carried out by our company last
year is quite impressive.

And what are the prospects? Let us believe that the February
comet, which was last seen by Neanderthals 50 thousand years
ago, will not be a bad sign for the year 2023, let alone a symbol of
our returning to their times.

Even if a significant part of the world, including the EU and
Czech economy, will probably fall into recession, most experts
assume that the recession will be shallow and of short duration in
our country. Just like the covid pandemic, some professions will
be affected more, others less, and the same will probably apply
to individual construction branches. While a relatively noticeable
cooling can be expected in the field of surface construction, the
prospects are better in civil engineering, both thanks to the greater
inertia of projects and thanks to the historically highest SFDI
(State Fund for Transport Infrastructure) budget and the intention
to increase it in the years to come. Hopefully the
government will adhere to the approved strategies and
will not reduce investments. The importance of the
year 2023 lies in the fulfilment of these expectations.
Let us not fall into pessimism and scepticism right at

its beginning, there is always light at
the end of the tunnel.

predseda predstavenstva a generalni feditel
Subterra a.s.
Chairman of the Board and Chief Executive Officer
of Subterra a.s.
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STITY NA RAZBACH PRAZSKEHO METRA
SHIELDS USED FOR DRIVING PRAGUE METRO TUNNELS

PETR HYBSKY

ABSTRAKT

V letosSnim roce uplyne pétapadesdt let od prvniho nasazeni tunelovaciho Stitu na raZbdch praZského metra, a je tudiz nabiledni ohléd-
nout se zpét a pripomenout si stitové mechanismy, které se vetsi ¢i mensi mérou podilely na vystavbé tratovych tunelii podzemnich linek
hlavniho mésta Ceské republiky. KaZdd z popsanych technologii vnesla do tras metra trvaly otisk odrdZejici tehdejsi stav technologického
pozndni, spolecenské situace i politické orientace zemé. Zdver clanku propoji vzpominanou minulost s aktudlni soucasnosti, nebot i na
chystaném tviseku metra trasy D je pocitdno s nasazenim metody mechanizovaného tunelovdni.

ABSTRACT

This year, fifty-five years will pass since a tunnelling shield was first used for driving the Prague metro tunnels, and it is therefore time to
look back and remember the shield mechanisms that, to a greater or lesser extent, participated in the construction of the running tunnels
of the underground lines of the capital of the Czech Republic. Each of the described technologies left a lasting mark on the metro routes,
reflecting the current state of technological knowledge, the social situation and the political orientation of the country. The conclusion
of the paper links the remembered past to the current present, since the planned section of the metro line D is also expected to use the

mechanised tunneling method.

Obr. 1 PraZskd podzemni drdha, stanice VySehrad
Fig. 1 Prague underground, VySehrad station

1. UvoD

,,Praha bude mit metro,” zvéstoval dne 10. srpna 1967 oblibe-
ny vecernik Ceskoslovenské metropole a tsty kameloti bylo dale
v ulicich hldsdno zdsadni rozhodnuti, které nejenZe uzavfelo mno-
haleté diskuze o zpusobu feSeni podzemni hromadné dopravy
v Praze (obr. 1), ale zaroven na dalSich nékolik desetileti ovlivnilo
obor zdejSiho podzemniho stavitelstvi, které se tehdy nachézelo
v ur¢itém mezidobi — stagnaci. Fakticky totiZ skoncilo dlouho tr-
vajici obdobi klasickych tunelarskych metod, od razby posledniho
tunelu jiZ uplynula delsi doba. ZkuSeni tunelafi odesli na odpoci-
nek a mladi neméli kde sbirat zkuSenosti.

Bylo nasnadg, Ze pro razbu tunelll prazského metra bude potieba
nasadit nové, v prostiedi mistniho podzemniho stavitelstvi dosud

1. INTRODUCTION

“Prague will have a subway,”
announced the popular evening
newspaper of the Czechoslovak

metropolis on August 10, 1967, and
through the mouths of camelots, a
fundamental decision was further
in the streets, which
not only terminated many years

announced

of discussions about how to solve
underground mass transport in Prague
(Fig. 1), but at the same time affected
for the next several decades the field
of local underground construction,
which at that time was in a certain
interim period of stagnation. In fact,
the long-lasting period of classical
tunneling methods had ended; a
long time had already passed since
the excavation of the last tunnel.
Experienced tunnelers went to rest
and young ones had nowhere to
gather experience.

It was obvious that for the excavation of the Prague metro tunnels
it would be necessary to apply new methods, previously unknown
in the local underground construction environment. These were
adopted from the Soviet Union in comliance with the political
orientation of the country at the time. For tunnels excavated in rock
and rock types with longer-term excavation stability, the ring method
was chosen, and for excavating in the environment of soils, semi-
rock and sections with low overburden, where it was necessary to
reduce surface settlement as much as possible, the non-mechanised
shielding method was chosen.

2. NON-MECHANISED SHIELD COMPLEX KM34

The first shield complex for the Prague metro with the
designation KM34 was purchased in 1968. Its assembly also began
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Obr. 2 Stitovd ¢dst nemechanizovaného komplexu KM34 (1978)
Fig. 2 Shield part of the non-mechanised complex KM34 (1978)

nepoznané metody. Ty byly ve shodé s tehdejsi politickou orientaci
zemé prevzaty ze Sovétského svazu. Pro tunely raZené ve skalnich
horninach a v horninich s dlouhodobégjsi stabilitou vyrubu byla
zvolena prstencovd metoda a pro razbu v prostfedi zemin, polo-
skalnich hornin a tsekl s nizkym nadlozim, kde bylo tfeba v co
nejvetsi mife redukovat sedani povrchu, byla vybrdna metoda ne-
mechanizovaného S$titovani.

2. NEMECHANIZOVANY STITOVY KOMPLEX KM34

Prvni Stitovy komplex pro prazské metro s oznacenim KM34
byl zakoupen v roce 1968, kdy rovnéz zapocala i jeho montaz ve
stavebni komote pobliZ Stétkovy ulice. Komplex byl sestaven na
pocatku roku 1969, kdy zapocala razba 454 m dlouhého tunelu
trasy C ke stanici Prazského povstani. Uvodni zaskoleni posadek
probihalo ve spolupréci se sovétskymi pracovniky.

-

Obr. 5 PrordZka pod kostelem sv. Pankrdce
Fig. 5 Breakthrough under St. Pankrac church

[ A ST,
Obr. 3 Pracovnici na ¢elbé nemechanizovaného Stitu
Fig. 3 Workers at excavation face of the non-mechanised shield

A L -
Obr. 4 MontdZ tunelového osténi erektorem v nemechanizovaném Stitu
Fig. 4 Assembly of tunnel lining by an erector in the non-mechanised shield

in a construction chamber near Stétkova Street. The complex was
assembled at the beginning of 1969, when the excavation of the
454m long tunnel of Line C in the direction of the Prazského
Povstani station began.

The KM34 complex (Fig. 2), which according to eyewitnesses
conceptually corresponded to the technologies of 1910, was
composed of three basic parts. The front part was made up of a
non-mechanised SEN-18 shield, behind it was attached a TU 3 Gp
tunnel lining erector and a TN 16 Gp grouting gantry. The method
of tunnel construction using the KM34 complex was labeled as
“shielding, cyclic-flow” in contemporary literature. The workers
used hand-held tools and pneumatic hammers to break the rock
on the face. The stability of incoherent ground was ensured by
hydraulic sheeting cylinders using timber sheeting elements
(Fig. 3). The broken rock was loaded in the lower part of the shield
with a front-end wheel loader onto cars running on a rail track
with a gauge of 600mm. After completing the excavation progress
to the distance of one or two excavation rounds and moving the
shield forward, the tunnel lining rings were assembled using the
TU 3 Gp erector (Fig. 4). Its fixation into the rock environment was
subsequently ensured by back grouting. Grout was pumped behind
the lining by a device located on the TN 16 Gp platform. The ring
lining was circular, with an outer diameter of 5.5m and an inner
diameter of 5.1m. The segments on the first mined tunnels of the
Prague metro were made of cast iron.




Komplex KM34 (obr. 2), ktery dsty pamétnikd koncepcné od-
povidal technologiim roku 1910, byl sloZen ze tfi zédkladnich cCasti.
Predni Cast tvoril nemechanizovany Stit SEN-1S, v zavésu za nim
byl pfipojen uklada¢ tunelového osténi (erektor) TU 3 Gp a injek-
taZni ploSina TN 16 Gp. Metoda vystavby tunelu komplexem KM34
byla v dobové literatuie oznacena jako ,,Stitovd, cyklicko-proudova*.
Rozpojovéni horniny na celbé provadéli délnici haviifskymi rucni-
mi nastroji a pneumatickymi kladivy. Stabilita nesoudrZnych hornin
byla zajistovana pazicimi hydraulickymi vélci za pouZiti dfevénych
pazicich prvki (obr. 3). Rozpojend hornina se ve spodni Césti Sti-
tu nakladala celnim kolovym nakladacem do vozu kolejové drazky
rozchodu 600 mm. Po vyraZeni zdbéru na délku jednoho nebo dvou
postupti a dopfedném posunu Stitu byly pomoci ukladace TU 3 Gp
montovany prstence tunelového osténi (obr. 4). Jeho fixaci do hor-
ninového prostedi nasledné zajiStovala vypliova injektaz, ktera se
za osténi Cerpala ze zafizeni umisténého na plosin€ TN 16 Gp. Prs-
tencové osténi bylo kruhové, vnéjsiho priméru 5,5 m a vnitiniho
5,1 m. Segmenty na prvnich raZzenych tunelech prazského metra byly
litinové.

Tab. 1 Zdkladni technické parametry nemechanizovaného komplexu KM34

KM34 - zakladni technické parametry

Hmotnost 145t
Délka 21 m
Priimér vyrubu 55m
Celkova pritlacna sila 1862t
Pazici hydrovalce 20 ks
kracivy,
Posun ukladate S mosimainm kokem
1,47 m

3D grafika stroje KM34 (viz tab. 1)
3D graphics of KM34 machine (See Table 1)

Primérny mési¢ni postup na razbach prvniho tunelu Cinil 54,5 m.
Po dokonceni tunelu byl stit prest€éhovan zpét do stavebni komory,
ze které byla raZzena druha tunelova trouba. Pfesun Stitu byl uvazo-
vén jesté pred prorazkou, kdy v uvahu prichdzela tiplna nebo ¢astec-
nd demontdZ a nova montaZz. Technici firmy Metrostav vSak priSli
vysledku prineslo vyrazné Casové a financni tspory, pripravovali do
nejmensich detailli a kupfikladu Ing. Ermin Stehlik si tehdy zhotovil
papirovy model ve zmenSeném méfitku a doma si na ném zkousel
rizné scénare presunu. Na druhém tunelu bylo dosaZzeno pramérné-
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Table 1 Basic technical parameters of the non-mechanised KM34 complex

KM34 - Basic technical parameters

Weight 145t

Length 21m

Excavated diameter 5,5m

Total thrust 1 862t

Bracing hydraulic cylinders 20 pcs
walking,

Bl
of 1.47m

The average monthly excavation advance rate of the first tunnel
was 54.5m. After the completion of the tunnel, the shield was moved
back to the construction chamber, from which the second tunnel
tube was driven. Moving the shield was considered even before the
breakthrough, when complete or partial disassembly and reassembly
were considered. Metrostav technicians, however, came up with
a solution to move the shield without disassembly. The unique
solution, which resulted in significant time and financial savings,
was prepared down to the smallest detail and, for example, Ing.
At that time, Ing. Ermin Stehlik made a paper model on a reduced
scale and tried different transport scenarios on it at home. On the
second tunnel, an average monthly advance of 67.6m was achieved.
The breakthroughs of both tunnels took place in close proximity to
a Gothic monument — the St. St. Pankrac church (Fig. 5), which was
not significantly affected by the excavation.

Another part of the first stage of Line C, which was driven by a
non-mechanised shield, was the interstation section Pankrac (then
Mléadeznickd) — Budéjovickd, where the shield was moved again
without dismantling. Here, the miners faced the demanding technical
task of driving the tunnel just 120cm below the foundations of a five-
story building in Pacovska street. To reduce subsidence, the heading
was braed with wooden lagging, and the workers thus tried the
procedures already applied by the famous Marc Isambard Brunnel
in London when drivng the tunnel under the Thames. The building
being passed under was continuously monitored for seven days by
a device that was developed specifically for the Prague metro. The
subsidence averaged 7mm in total, and apart from hairline cracks on
the basement walls, there were no other signs of failure. The shield
successfully arrived at the Budéjovicka station and once again it was
possible to shift the maximum values of the monthly advance rates
to 79m (on the right-hand tunnel), or 80m (on the left-hand tunnel).

For the construction of both running tunnels between the Hlavni
nadrazi and Florenc (then Sokolovskd) stations, a second tunnelling
sheet was purchased in the USSR. The right-hand tunnel to the Hlavni
nadrazi station was driven on a down gradient through made-ground
and gravel sands of the Maniny terrace with significant inflows of
groundwater, the level of which, when not reduced, extended 3.5 to
4m into the tunnel cross-section. In order to lower the water table,
42 wells were excavated in the railway yard of the Masaryk station,
which continuously pumped the groundwater and lowered its table
by 2m. Despite this measure, the inflow rate at the tunnel face was
7 to 9 litres per second. During the construction of this section, for
the first time, the shield was not moved for the excavation of the
adjacent tunnel tube, but was rotated in the roofed chamber of the
Florenc station.

The era of non-mechanised shields continued from the first stage
of Line C to the sekond one, then to Lines A and B. It lasted until the
early nineties of the twentieth century (graph 1). During that time,
over 18km of running tunnels were driven with non-mechanised
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ho mésic¢niho postupu 67,6 m. Prorazky obou tunelti probéhly v t&s-
ném sousedstvi gotické pamatky — kostela sv. Pankrace (obr. 5), ktera
razbou nebyla vyrazné ovlivnéna.

Dalsi ¢asti prvni etapy trasy C, ktera byla razena nemechanizo-
vanym $titem, byl mezistanic¢ni usek Pankrac (tehdy Mladeznicka)
— Bud¢jovicka, kam byl §tit presunut opét bez demontdze. Razice
zde Cekal naro¢ny technicky kol podejit pouhych 120 cm pod za-
klady pétipodlazni budovy v Pacovské ulici. Pro redukci poklest
byla Celba paZena dfevénymi paZinami a pracovnici si tak vyzkou-
Seli postupy, které aplikoval jiz slovutny Marc Isambard Brunnel
v Londyné pfi razbé tunelu pod Temzi. Podchazeny dim byl nepie-
trZit€¢ monitorovan po dobu sedmi dni pfistrojem, ktery byl vyvinut
specidlné pro prazské metro. Poklesy Cinily v celku primérné 7 mm
a kromé vlasovych trhlinek na suterénnich zdech se neprojevily zad-
né jiné znaky poruseni. Stit tisp&&n& dorazil do stanice Budgjovic-
ka a opétovné se podafilo posunout maximalni hodnoty mésic¢nich
postupli na 79 m (na pravém tunelu), resp. 80 m (na tunelu levém).

Pro vystavbu obou tratovych tuneltt mezi stanicemi Hlavni na-
drazi a Florenc (tehdy Sokolovska) byl v SSSR zakoupen druhy
razici Stit. Pravy tunel do stanice Hlavni nadraZi byl razen tpadné
v navazkach a ve Stérkopiscich maninské terasy se zna¢nymi pfito-
ky podzemni vody, jejiz hladina za nesniZeného stavu zasahovala
3,5 az 4 m do prufezu tunelu. Aby se hladina podzemni vody sniZi-
1a, bylo v kolejisti Masarykova nadrazi vyhloubeno 42 studni, které
nepretrzité podzemni vodu Cerpaly a sniZovaly jeji hladinu o 2 m.
Pfes toto opatfeni Cinil pritok na Celbé tunelu 7 az 9 litrt za vtefinu.
Pfi vystavbé tohoto dseku poprvé nebylo uzito presunu Stitu pro
razbu sousedni tunelové trouby, ale bylo provedeno otoceni Stitu
v zastropené komofte stanice Florenc.

FEra nemechanizovanych §titi pokraCovala z prvni etapy tra-
sy C na druhou etapu, posléze na trasu A i B. Trvala az do ra-
nych devadesatych let dvacatého stoleti (graf 1). Za tu dobu bylo
nemechanizovanymi $tity vyraZeno pres 18 km trafovych tunell
a jejich pusobeni bylo opravdu pestré. Pripomefime nasledujici
aspekty:

* montaZe a demontaze Stitu byly

Tuel

shields, and their work was truly diverse. Let us recall the following
aspects:

* assembly and disassembly of the shield were carried out both in
dug pits and in assembly chambers excavated underground;

e for moving the shields to excavate the subsequent sections, the
procedure of moving them without dismantling was successfully
applied, in some parts a turn in the shape of the letter U (so-
called U-turn) was carried out; authentic film footage of one of
the moves without disassembling the shield was used in the film
"Lidé z metra";

e various objects were successfully passed under at a distance of
only a few tens of decimetres — residential buildings, industrial
buildings, the D1 highway without blocking traffic);

* during the excavations in Sinkulova Street, a residential building
and a workshop building were temporarily emptied during
construction;

* shields were used not only in soil, they also found their
application in solid rock during the simultaneous use of blasting,
which, according to contemporary evaluations, did not cause
significant damage to the structure of the shield;

e different types of lining were used to support the tunnel
excavation — initially cast iron ring lining used due to the low
overburden, high density development on the surface and small
directional radii during shielding; in later years, there was
a significant shift to reinforced concrete segments, initially
imported from Hungary, later produced in Prefa LuZec;

¢ the highest monthly performance in driving tunnels with non-
mechanised shields was achieved in 1989, 117m in August and
even 142m in November.

3. TSCB-3 MECHANISED SHIELD

An important and still unique technology was applied (not only)
during the passage under the Vltva river bed on the first section of
line A. It involved the construction of tunnels with a compressed
concrete lining — also referred to as a final compressed concrete

provadény jak v hloubenych ja-
mach, tak v razenych montaz-
nich komoréch v podzemi;

e pro st¢hovani Stitd k razbam

5500 m +

naslednych tsekii byl dspésné
aplikovan postup st¢hovéani Stitu
bez jeho demontaze, v nékterych
Castech byla provedena obratka
ve tvaru pismene U (tzv. U-turn);
autentické zébéry jednoho z pre-
sunt bez rozebrani Situ byly po-
uzity ve filmu ,,Lidé z metra“;

* podafilo se té€sné (s distanci jen
n¢kolika desitek decimetri) po-
dejit nejriznéjsi objekty — obyt-
né domy, pramyslové objekty,
dalnici D1 bez vylouceni provo-
zu;

e pii razbach v ulici Sinkulova byl
béhem vystavby docasné vysté-
hovan podchdzeny obytny dim
a provozovna;

e Stity byly pouZivany nejen v ze-
mindch, své uplatnéni nasly
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Graf ¢. 1 Prehled vykonii raZeb §tity v jednotlivych rocich

za soucasného pouZzivani trhacich  Graph No. 1 Overview of performance of shields driving tunnels in individual years




praci, ty podle dobového vyhodnoceni nezptisobovaly vyraznéj-
§i Skody na konstrukei Stitu;

* pro vyztuZeni tuneld byly pouZivany riizné druhy osténi — zprvu
litinové prstencové osténi zabudovdvané z ditvodu nizkého nad-
lozi, husté zastavby na povrchu a malych smérovych polomé-
U pii Stitovani; v pozdéjSich letech se vyraznéji prechazelo na
dilce Zelezobetonové, zpocatku dovazené z Madarska, pozdé&ji
vyrabéné v Prefé LuZec;

* nejvyssich mési¢nich vykond pri razbach nemechanizovanymi
Stity bylo dosaZeno v roce 1989, v srpnu 117 m a v listopadu
dokonce 142 m.

3. MECHANIZOVANY STIiT TSCB-3

Vyznamné a dodnes unikatni technologie byla uplatnéna (nejen)
pri podchodu koryta feky Vltavy na prvnim useku trasy A. Jednalo
se o stavbu tuneli s lisovanym osténim — téZ oznaCovanym jako de-
finitivn{ osténi z presbetonu. Ceskoslovensko se podle dostupnych
informaci tehdy stalo druhou zemi na svété, kde byla tato technolo-
gie pfi razbach metra uZita.

Princip lisovaného betonu pro osténi tuneltl byl patentovan jizZ po-
¢atkem 20. stoleti hned v nékolika zemich — Némecku (1910), Fran-
cii (1911) ¢i Rusku (1912). Jednim z prvnich tuneld postavenych
timto zptisobem byl razeny kolektorovy tunel pod fekou Oise ve
Francii o priméru 2,63 m s tlouStkou osténi 23 cm. Betonova smés
se za bednéni ukladala ru¢né.

Némeckd firma Halinger postavila timto zplisobem na zacatku
20. stoleti nékolik tunelti malych rozméra. Pro vétsi dopravni tunely
se vSak metoda nerozsifila, nebot nebylo v tehdejsich technickych
moznostech ji mechanizovat. To se podarilo az ve druhé poloviné
Sedesatych let v zemich Sovétského svazu diky zafizeni s prestav-
nym bednénim. V letech 1972-1973 bylo tunelovacim strojem kon-
struovanym analogicky podle schématu TSEB-3 prorazeno 825 m
hydrotechnického tunelu stavby Velkého stavropolského kanalu.

V zéfi roku 1973 se uskute¢nila montdZ prototypu raziciho kom-
plexu TSEB-3 na odvadécim tunelu algetské nadrze v Gruzii. Pro
ziskani zkuSenosti se montaze zucastnila skupina pracovnikd Met-
rostavu, nebot dva identické stroje byly zakoupeny pro prazské me-
tro, kam byly o rok pozdéji dodény.

Velkou technickou vyzvu predstavovala samotnd montaZz obou
komplext, nebot ty dorazily v podobé neoznacenych dilti doplné-
nych velmi skromnou dokumentaci. Zaskvél se tehdy Ing. Hrebi-
cek, ktery se velmi zaslouZil o to, Ze se Stity podafilo dat dohro-
mady. Kompletace probihala v montazni komote pobliZ Manesova
mostu, odkud oba stroje razily smérem ke stanici Staroméstska.
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lining. According to available information, Czechoslovakia then
became the second country in the world where this technology was
used in the excavation of subway.

The principle of compressed concrete for tunnel linings was
already patented at the beginning of the 20™ century in several
countries — Germany (1910), France (1911) and Russia (1912). One
of the first tunnels built in this way was the 2.63m diameter tunnel
under the Oise river in France, with 23cm-thick lining. The concrete
mixture was placed behind the formwork manually.

The German company Halinger built several small tunnels in
this way at the beginning of the 20" century. However, the method
did not spread for larger transport tunnels, as it was not possible to
mechanise it at the time. This was only achieved in the second half
of the 1960s in the countries of the Soviet Union thanks to equipment
with adjustable formwork. In the years 1972-1973, 825m of the
hydrotechnical tunnel of the Great Stavropol canal was carried out
with a tunneling machine constructed analogously according to the
TSCB-3 scheme.

In September 1973, a prototype of the tunnelling complex TSCB-3
was assembled on the discharge tunnel of the Alget reservoir in
Georgia. To gain experience, a group of Metrostav workers par-
cipitated in the installation, as two identical machines were purchased
for the Prague metro, where they were delivered a year later.

The actual assembly of both complexes represented a major
technical challenge, as they were supplied in the form of unmarked
parts accompanied by very modest documents. At that time, Ing.
Hrebicek distinguished himself by bringing the shields together.
Completion took place in the assembly chamber near the Manes
bridge, from where both machines drove the tunnels in the direction
of the Staroméstskd station.

Much attention was paid to the first passage under the Vltava
river. Geological survey revealed six fault zones. These were treated
by grouting before the excavation by the mechanised shields. Two
grouting methods were applied — from a ship by fans of grouting
boreholes and from geological tunnels built in advance in the profile
of the right-hand tunnel. They were grouted chemically with urea-
formaldehyde resin hardened with phosphoric acid (which creates an
artificial resin — aminoplast).

The TSCB-3 mechanised shield (as the terminology of the time
referred to it) already had the features of contemporary tunneling
machines (Fig. 6). The cutting head fitted with disc cutters (Fig. 7)
disintegrated the rock on the face. The rock was then loaded by
scoping buckets onto a belt conveyor, which carried it to the loading
point at the end of the mechanism. Behind the shield there were two
rings — a gripper ring (anchoring the machine) and a pressing ring

Obr. 6 Strojnik na mechanizovaném titu TSEB-3
Fig. 6 Machine operator of mechanised shield TS¢B-3

Obr. 7 Reznd hlava mechanizovaného titu TSEB-3
Fig. 7 Cutting head of the mechanised shield TS¢B-3
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Prvnimu podchodu Vltavy byla vénovana velkd pozornost. Geo-
logickym prizkumem bylo zjisténo Sest poruchovych zén. Tyto
byly pfed razbami mechanizovanych §titd injektovany, a to dvojim
zptisobem — z lodi vé&jiti injekCnich vrt a z v predstihu vybudované
geologické ,,prizkumné” Stoly umisténé v profilu pravého tunelu.
Injektovany byly chemicky mocovinoformaldehydovou pryskyfici
vytvrzovanou kyselinou fosfore¢nou (¢imZ vznikd uméld pryskyfi-
ce — aminoplast).

Mechanizovany §tit (jak jej oznacovala dobova terminologie)
TS¢B-3 mél jiz znaky soucasnych tunelovacich stroji (obr. 6).
Rezna hlava (obr. 7) osazena valivymi dlaty rozpojovala horninu na
Celbé. Hornina byla dale nabéracimi lopatami zavadéna na pasovy
dopravnik, ktery ji vynaSel na naklddaci misto na konci mecha-
nismu. Za Stitem byly dva prstence — rozpérny (rozepreni stroje)
a lisovaci (pro lisovani betonu). Za obéma prstenci se nachéazela
bednici sekce pro lisovany beton (obr. 8). Kazdym cyklem vzni-
kal prstenec osténi z lisovaného monolitického betonu o tloustce
300 mm, délce 600 mm, vnitfnim priméru 5100 mm a vnéjsim
priméru 5700 mm. Stroj mél dale zaves (tehdy nazyvany zastito-
vy komplex) s technologiemi. Osadka stroje ¢itala 12 pracovnikil
s tim, Ze sloZeni pracovni Cety bylo nésledujici:

e 1 strojnik Stitu;

e 1 strojnik zastitového komplexu;

* 1 strojnik na prestavbé bednicich sekci;

¢ 5 razici pro vyrobu lisovaného betonu a pro naloZeni a odvoz

rubaniny;

e | provozni elektrikaf systému pohont a synchronizace;

e 1 provozni elektrikéf pro silnoproudé rozvody;

¢ 1 provozni GdrZbar — hydraulik;

e | provozni udrzbaf — strojaf.

Tab. 2 Zdkladni technické parametry mechanizovaného komplexu TS¢B-3

TSEB-3 - zakladni technické parametry

Hmotnost 640t

Délka 76,8 m

Priimér vyrubu 5,7-5,8m

Pocet bednicich sekci 10x 0,6 m

Potet feznych diski 50 + 5 kopirovacich
(obvodové)

Nominalni kroutici moment 3089 kNm

Otacky fezné hlavy 0,5-3 ot/min

Pritlak fezné hlavy 600 t

Max. tlak pfi lisovani betonu 1471 N

3D grafika stroje TS¢B-3 (viz tab. 2)
3D graphics of TS¢B-3 machine (See Table 2)
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(for compressing concrete). Behind both rings there was a formwork
section for compressed concrete (Fig. 8). Each cycle created a ring of
monolithic compressed concrete lining with a thickness of 300mm,
a length of 600mm, an inner diameter of 5100mm and an outer
diameter of 5700mm. In addition, themachine had a back-up (then
called a back-up complex) with technologies. The machine crew
consisted of 12 workers, with the composition of the gang as follows:
¢ 1 shield operator;
e 1 back-up complex operator;
e 1 operator for rebuilding of formwork sections;
e 5 miners for production of compressed concrete and for the
loading and removal of muck;
e 1 operational electrician of the drives and synchronisation
system;
* | operational electrician for heavy-current distributions;
e | operational maintenance worker — hydraulics;
e | operational maintenance worker — machine attendant.

Table 2 Basic technical parameters of the mechanised complex TSCB-3

TSCB-3 - basic technical parameters

Weight 640t
Length 76.8m
Excavated diameter 5.7-5.8m
Number of formwork sections 10 x 0.6m

: 50 + 5 coppying
Number of disc cutters (circumferential)
Nominal torque 3089knm
Cutter head rotation speed 0.5-3 rev/min
Cutter head thrust 600t
Max. pressure at compressing
concrete Ll

The first shield that passed under the bottom of the Vltava broke
through to Staroméstskd station. It was pulled through it and
continued to the Mustek station, where it was dismantled. The second
machine on the left-hand tunnel tube was supposed to proceed
according to the same scenario, but due to time reasons, with regard
to the construction preparedness of the running tunnels for the laying
of trackwork, it was already dismantled at the Staroméstska station.
During the first deployment of mechanised shields, the interested
builders gradually introduced new procedures, work organisation or
structural changes of the shield complexes themselves. Thus, regular
repair shifts were introduced for the repair and maintenance of
shields. They fell on Saturdays. For the concrete, which was initially
lowered into the underground through a shaft in carts, boreholes were
gradually carried out on the route of the tunnel behind the shield. To
ensure the quality of the concrete, dosed individual components were
brought from the batching plant, and water was added only on the
construction site just before the mixture was lowered underground.
Peripheral discs were put out of operation on the cutting head, as
their operation was not necessary even in the smallest directional
arcs with values of 350-400m.

All the experience and modifications of the shield were used
during the second re-deployment of the complex, namely on the
left-hand tunnel of the IB route in the section between the Mustek
— Florenc stations, with puding it through the Namésti Republiky
station. That was 1980. Particular attention was paid to continuous
operation, precise daily maintenance and planned preventative
repairs in order to avoid unplanned downtime. The miners managed
to achieve the highest monthly advance of 90.5m in the section.
Perhaps as if it wanted to live up to the slogan that it should end




Prvni §tit, ktery podeSel dno Vltavy, se prorazil do stanice Staro-
méstska. Tou byl protazen a razil déle ke stanici Mustek, kde byl
demontovén. Druhy stroj na levé tunelové troub&é mél postupovat po-
dle stejného scéndre, ale z Casovych divodl s ohledem na stavebni
pripravenost tratovych tunelii pro pokladku kolejovych svrskii byl
demontovén jiZz ve stanici Staroméstskd. Béhem prvniho nasazeni
mechanizovanych S§titll zainteresovani stavitelé postupné piindseli
nové postupy, organizaci prace ¢i konstruk¢ni zmény samotnych Sti-
tovych komplext. Byly tak zavedeny pravidelné opravarenské smény
na opravy a udrzby §titl, jez pripadaly na sobotu. Pro beton, ktery
byl zprvu spoustén do podzemi Sachtou ve vozicich, byly postupné
provadény vrty na trase tunelu za Stitem. Pro zajiSténi kvality betonu
byly z betonarky privaZeny nadavkované jednotlivé slozky, voda se
dopliiovala az na stavbé tésné pred spousténim smési do podzemi.
Na fezné hlavé byly vyfazeny obvodové disky, nebot jejich ¢innost
nebyla nutnd ani v nejmenSich smérovych obloucich o hodnotich
350400 m.

Veskeré zkuSenosti a upravy Stitu byly vyuZity pfi druhém, opé-
tovném nasazeni komplexu, a to na levém tunelu trasy IB v useku
mezi stanicemi Mustek — Florenc, s pritahem ptes stanici Namés-
ti Republiky. To se psal rok 1980. Dbalo se zejména na nepfetrZity
provoz, precizni denni tdrZbu a planované preventivni opravy proto,
aby nedochézelo k neplanovanym prostojim. Na useku se podarilo
dosdhnout nejvyssiho mési¢niho postupu o hodnoté 90,5 m.

Snad jako by se chtélo dostat heslu, Ze koncit se ma v nejlepsim,
byla i tato razba povéstnou labuti pisni mechanizovanych S§titd
TS¢EB-3 na prazském metru. Tunely z lisovaného betonu jsou do-
dnes v provozu v ramci tras A a B; a vizudlné prokazuji uspokoji-
vou kvalitu bez vyraznych trhlin, prasaku ¢i jinych defektd v kon-
strukci osténi, které z podstaty provadéni neni Zadnym zplsobem
vyztuzeno ani izolovano proti prisakiim podzemni vody.

4. RAZICI STIT S FREZOU RSF-1

Vynalézavost je vlastnost Cechiim vlastni, coZ v podobé nejriiz-
néjSich technickych zafizeni prokdzali nescetnékrit. Neni proto
prekvapenim, Ze jiZ od prvnich raZeb nemechanizovanymi Stity,
které byly pro zicastnény délnicky persondl opravdovou dfinou, se
inZenyfi zabyvali mySlenkami, jak délnikiim jejich praci co nejvice
usnadnit. Jak v co nejvetsi mife omezit lidskou praci a nahradit ji
praci strojni.

Spoluprace 30 podniki a organizaci vedena spolecnosti Metrostav
zacala pfinaSet kontury, které se postupné zaCaly zhmotiiovat v mon-
taznich dilnadch Metrostavu ve vysledny produkt — prvni tunelovaci
§tit metra zkonstruovany v Ceskoslovensku.

Po svém odzkouSeni byl §tit v bfeznu roku 1985 z dilen po ¢astech
pfesunut k sestaveni do montaZni komory o priméru 7,8 m a délce
10 m, s navazujicim trafovym tunelem. Jeho nasazeni bylo napla-
novano na levy tratovy tunel trasy B ze stanice Florenc do stanice
Kfizikova. Spousténi dilti bylo provadéno v Sachté na spojce tras
B—C a touto spojkou byly dily do montaZni komory dopravovany.
Dne 15. 6. 1985 byla zékladni montaZ dokoncena a byly zahajeny
komplexni funk¢ni zkousky. O necely mésic pozdéji byla zahajena
samotnd razba, béhem niZ byl dopredu postupujici Stit dopliiovan
0 zavés, na kterém byla kupiikladu trafoploSina ¢i montdZni ploSina
lutnového tahu. Prvnich 6 m tunelu bylo vyztuZeno litinovymi seg-
menty, dalsi ¢ast jiz podle projektu osténim Zelezobetonovym.

V fijnu 1985 pokracovala razba v reZimu komplexnich funkénich
zkousSek pod zatizenim se soucasnym zacvikem osadek. Je zazna-
menano, Ze beéhem ovérovaciho provozu bylo na Stitovém komplexu
provedeno celkem 94 zmén a dopliika.

Jak vlastné prvni Ceskoslovensky tunelovaci $tit vypadal? Jednalo
se o §tit s frézou (obr. 9 a 10), proce? se dockal oznaceni RSF-1. Jako
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Obr. 8 Bednici sekce mechanizovaného $titu TSEB-3
Fig. 8 Formwork section of the mechanised shield TS¢B-3

in the best, this excavation was also the proverbial swan song of
the TSEB-3 mechanised shields on the Prague metro. compressed
concrete tunnels are still in operation today as parts of Lines A and
B; they visually demonstrate satisfactory quality without significant
cracks, leaks or other defects in the construction of the lining, which,
due to the nature of the execution, is not reinforced or waterproofed
against groundwater in any way.

4. RSF-1 TUNNELLING SHIELD WITH ROADHEADER

Ingenuity is characteristic of the Czechs. They have demonstrated
it countless times in the form of various technical devices. It
is therefore not surprising that from the first drives with non-
mechanised shields, which were a real toil for the laboring personnel
involved, engineers were concerned with ideas on how to make
the work as easy as possible for the laborers. How to limit human
work as much as possible and replace it with machine work. The
cooperation of 30 companies and organisations led by Metrostav
began to gain contours, which gradually began to materialise in
Metrostav ‘s fabrication workshops into the final product — the first
subway tunnelling shield constructed in Czechoslovakia.

After its testing, in March 1985, the shield was moved from
the workshops in parts to be assembled in an assembly chamber
with a diameter of 7.8m and a length of 10m, with a connecting
running tunnel. Its deployment was planned for the left-hand
running tunnel of Line B from the Florenc station to the KfiZikova
station. The lowering of the parts was carried out in a shaft on the
branch connecting Line B to Line C. The parts were transported
to the assembly chamber through this branch. On June 15, 1985,
the basic assembly was completed and comprehensive functional
tests began. Less than a month later, the actual tunnel excavation
began, during which the advancing shield was supplemented with a
backup, on which, for example, there was a transformer platform or
an assembly platform for the ventilation duct. Initial 6m of the tunnel
were stabilised with cast iron segments, the following part with a
reinforced concrete lining according to the design.

In October 1985, tunnel excavation continued in the regime of
comprehensive functional tests under the load with simultaneous
crew training. It is recorded that a total of 94 changes and additions
were made to the shield complex during the verification operation.
What did the first Czechoslovak tunneling shield actually look like?
It was a shield with a roadheader (Fig. 9, 10). For its the Czech
name it received the designation RSF-1. The SEN-1S shield body
was used, from which the internal partitions were removed and were
replaced by a massive lower partition serving as a supporting bridge
for placing the roadheader, segment erector and work platform. In
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Obr. 9 Stit s frézou RSF-1
Fig. 9 Shield with roadheader RSF-1

Stitu bylo uzito téleso SEN-1S, ze kterého byly odstranény vnitini
prepazky, jeZ byly nahrazeny mohutnou spodni prepazkou slouZici
jako podptrny most pro uloZeni frézy, ukladace osténi a pracovni
nak k opreni tlacnych vélcl a rozneseni jejich silovych ucinkd na
osténi a zaroven k utésnéni mezikruzi pri vypliiové injektazi. Ruba-
ninu vynasel ze Stitu hieblovy dopravnik na dopravnik pasovy, ktery
byl déle veden k vysypné stanici do voziki kolejové drazky. Kromé
dalSich technologii byl zavés vybaven dopravni draZkou pro prisun
dilct osténi k ukladaci.

Tab. 3 Zdkladni technické parametry raziciho Stitu s frézou RSF-1

RSF 1 - zékladni technické parametry

Hmotnost 1981
Délka 24 m
Primér vyrubu 5,6 m +/- 20 cm
Pracovni posuv frézy 1000 mm
Otaceni a naklapéni ramene +45°
Pracovni tlak hydrauliky 4-16 MPa
Instalovany prikon 270 kW

3D grafika stroje RSF-1 (viz tab. 3)
3D graphics of RSF-1 machine (See Table 3)

Stitem RSF-1 bylo na raZenych tsecich trasy B dosaZeno priimér-
ného mési¢niho vykonu 79,92 m, nejvyssi mésicni vykon byl 164 m,
coz byl do té doby vykon historicky nejvyssi. Chystal se vyvoj dal-
Sich 3tith Seskoslovenské provenience. V planu byl tit RSF-2, ktery
m¢él byt podle tehdejSich predsevzeti ,,doplnén o dalsi nové myslenky
tak, aby byl postaven na praimérmy mési¢ni vykon 120-140 m, v ma-
ximech 200 m*“. K jeho vyrob€ vSak uz nedoslo. NaSe zemé v srdci

Obr. 10 Prdce na &elbé §titu RSF-1
Fig. 10 Work at the heading of RSF-1 shield

the rear part of the shield, a sealing ring was inserted, serving both to
prop the thrust cylinders and spread their force effects on the lining,
and at the same time to seal the annulus during backfill grouting.
The muck was removed from the shield by a scraper conveyor onto
a belt conveyor, which was then led to the dumping station into the
cars on a rail track. In addition to other technologies, the backup
was equipped with a transport track for the supply of segments to
the erector.

Table 3 Basic technical parameters of the tunnelling shield with roadheader
RSF-1

RSF 1 - basic technical parameters

Weight 198t
Length 24m
Excavated diameter 5.6m +/- 20cm
Roadheader working stroke 1000mm
Arm rotation and tilting +45°
Working pr re of hydrauli

syc; temg pressure of hydraulic 4-16MPa
Installed power input 270kW

With the RSF-1 shield, an average monthly output of 79.92m was
achieved on the driven sections of Line B, the highest monthly output
was 164m, which was the historically highest output in history up
to that time. The development of other shields of Czechoslovak
provenance was about to take place. The plan included the RSF-2
shield, which, according to the resolutions at the time, was to be
,-supplemented with other new ideas so that it would be built for an
average monthly output of 120-140m, with a maximum of 200m*.
However, its production never took place. Our country, in the heart
of Europe, underwent a change in the political system and, in short
order, a disintegration, and since the mid-nineties, the New Austrian
Tunneling Method (NATM) has found its place in the limelight of
tunnel construction methods.

5. EARTH PRESSURE BALANCE SHIELDS S-609, S-610

The wave of political upheavals that swept through Central,
Eastern and South-Eastern Europe had an impact on various areas
of life, including underground construction. In our country, railway,
road and urban transport tunnels, which had been terminated in
the previous period, started to be built again. The biggest change
that characterises the local post-revolutionary era of underground
construction was the adoption of the NATM, which established itself
as the most widely used method of realisation of mined underground



Evropy prosla zménou politického systému a v kratkém sledu také
rozpadem a od poloviny devadesatych let si misto na vysluni metod
vystavby tunelll nasla Nova rakouska tunelovaci metoda (NRTM).

5. ZEMINOVE STITY S-609, S-610

Vlna politickych prevratl, kterd se prohnala stfedni, vychodni
a jihovychodni Evropou, méla dopad do nejriznéjsich oblasti Zivo-
ta, oblast podzemnich staveb nevyjimaje. V tuzemsku se opét zaca-
ly stavét Zeleznicni, silniéni a méstské dopravni tunely, které byly
v predchozim obdobi odstaveny na vedlejsi koleje. Nejvétsi zménou,
ktera charakterizuje zdejsi porevolucni éru podzemniho stavitelstvi,
bylo osvojeni si NRTM, jeZ se etablovala v nejpouZzivanéjsi zptisob
realizace raZenych podzemnich dél v CR. NRTM si nasla své misto
i na stavbach prazského metra a jejim prostfednictvim bylo mozné
razit mj. dvoukolejné tratové tseky Ci jednolodni stanice; a pro me-
todu Stitovani jiZ nebyl prostor. Na jeji navraceni se na prazské metro
bylo tfeba pockat do roku 2011, na vystavbu patého provozniho use-
ku trasy A mezi stanicemi Dejvickd a Nemocnice Motol.

Tab. 4 Zdkladni technické parametry raziciho Stitu S-609

$-609 - zékladni technické parametry

Hmotnost 800 t
Délka 102 m
Primér vyrubu 6,06-6,1 m
Pocet feznych disku 21 ks
Nominalni kroutici moment 4400 kNm
Otacky fezné hlavy max. 3 ot/min
Pritlak tlacnych valct 38 926 kN
Instalovany vykon 1850 kVa

3D grafika stroje S-609 (viz tab. 4)
3D graphics of S-609 machine (See Table 4)

Zde byly nasazeny dva zeminové Stity vyrobené némeckou firmou
Herrenknecht pod sériovymi &isly S-609 a S-610 (obr. 11). Stity se
skladaly z Casti Stitové, dlouhé 8,5 m a Casti zavésné délky 93 m.
V ¢ésti Stitové byly provadény veskeré operace spojené s cykly raz-
by — tj. rozpojovani horniny pomoci fezné hlavy, podpirani celby
upravenou zeminou, odt€Zovani zeminy a zajiSténi vyrubu segmen-
tovym osténim (obr. 12). V ¢asti zavésu, kterou tvorilo sedm zaves-
nych vozi, byly veskeré technologie potiebné k provozu a ovladani
Stitu, zafizeni pro manipulaci se segmenty, pro injektdZz mezikruZzi
mezi vyrubem a segmenty, pro ¢erpani dilnich vod, vétrani, prodlu-
7ovani pasovych dopravnikil, zizemi pro pracovni Eetu apod. Stity
byly vybaveny mnoZstvim pocitacovych jednotek a sledovacich Ci-

del, které sbiraly nejriznéjsi data o stavu stroje, ale neptimo také
o chovéni horninového prostiedi ¢i mnoZstvi vypliiové injektaZe vné
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Obr. 11 Stit S-610 ve stanici Borislavka (2012)
Fig. 11 Shield S-610 in the Bofislavka station (2012)

works in the Czech Republic. The NATM also found its place in the
construction of the Prague metro and it was possible to drive, among
other things, double-track tunnel sections or one-vault stations; and
there was no longer room for the shield driving method. Its return
to the Prague metro had to wait until 2011, for the construction of
the fifth operational section of route A between the Dejvickd and
Nemocnice Motol stations.

Table 4 Basic technical parameters of tunnelling shield S-609

$-609 - basic technical parameters

Weight 800t
Length 102m
Excavated diameter 6.06-6.1m
Number of cutter discs 21 pcs
Nominal torque 4400kNm
Cutterhead rotation speed max. 3 rev/min
Thrust cylinders pressure 38,926kN
Installed power input 1850kVa

Two earth pressure balance shields manufactured by the German
company Herrenknecht under the serial numbers S-609 and S-610
were deployed here (Fig. 11). The shields consisted of a shield
part, 8.5m long, and a 93m long backup. In the shield part, all
operations connected with excavation cycles were carried out —i.e.
rock disintegration using a cutting head, supporting the face with
treated soil, removing the soil and securing the excavation with
segmental lining (Fig. 12). In the backup part, which consisted
of seven backup cars, there were all the technologies needed to
operate and control the shield, equipment for handling segments,
for grouting the annulus between the excavated surface and the
segments, for pumping mine water, ventilation, extending belt
conveyors, facilities for the work crew, etc. The shields were
equipped with a number of computer units and tracking sensors
that collected all kinds of data about the condition of the machine,
but also indirectly about the behaviour of the rock environment or
the amount of backfill grouting outside the lining. The machine
was operated from the so-called pilot‘s cabin (Fig. 13), which
contained a control panel and four screens displaying operating
data, navigation, muck consistency, etc. In line with the fact that
mechanised tunneling at the beginning of the 21* century has
developed into a comprehensive method in which shields are only
one element of a whole set of technologies, it is also necessary
to mention all the accompanying technologies that were used on



32. rocnik - €. 1/2023

By

Obr. 12 Montdz osténi erektorem na stroji S-609
Fig. 12 Assembly of lining by erector on S-609 machine

osténi. Stroj byl obsluhovén z tzv. pilotni kabiny (obr. 13), ktera ob-
sahovala fidici pult a Ctvefici obrazovek se zobrazenim provoznich
udaji, navigace, konzistence rubaniny aj.

Ve shodé s tim, Ze se mechanizované tuneloviani na pocatku
21. stoleti vyvinulo v komplexni metodu, ve které jsou Stity jen jed-
nim z prvkl celého souboru technologii, je tfeba zminit i veSkeré
doprovodné technologie, které byly na metru V.A vyuzivany. Jed-
nalo se o vyrobnu prefabrikovanych Zelezobetonovych segmentt,
které byly navrZeny piimo pro konkrétni tunelovaci stroj, dale pak
o vyrobnu vypliiové malty vcetné Cerpadel pro jejich transport do
tunelovaciho stroje. Materidlovou logistiku zajistovaly viceicelové
kolové platformy (tzv. MSV), systém pasovych dopravnikl slouzil
pro t€zbu rubaniny. VSe muselo byt navrZzeno dostatecné kapacitné
tak, aby Zadna z dil¢ich technologii nebyla tim povéstnym nejslab-
$im Clankem fetézu a aby ani jeden z obou tunelovacich stroji nebyl
nekterou z technologii limitovan.

Prvni ze stroji, ktery mél typové oznaceni Herrenknecht S-609,
byl smontovan béhem prvniho Ctvrtleti 2011 a v dubnu tohoto roku
zahdjil razbu ze Sachty na Vypichu do stanice Petfiny. Druhy stroj,
s typovym oznaceni S-610 zahéjil raZby ze stejného mista s tiimésic-
nim ¢asovym odstupem. Oba stroje postupné dorazily do rozestave-
né stanice Petfiny, stanici byly protaZeny a na konci stanice opétov-
né odstartovaly k razbé navazujiciho mezistani¢niho tseku. Popsany
scénarf se opakoval i ve stanici Nadrazi Veleslavin a Borislavka. Po
absolvovani asi poloviny z celkové raZzeného Ctyrkilometrového use-
ku byly veSkeré doprovodné technologie premistény ze staveniSté
Na Vypichu na staveni$té v Evropské ulici. Vzhledem k tomu, Ze na
druhém stroji bylo mozno urocit zkuSenosti nasbirané pfi razbach
prvniho, mohl zeminovy §tit S-610 razit rychleji nez S-609 a postup-
né redukovat piivodni tiimésicni casovy odstup. To umoznilo soubéh
obou stroju pted stanici Dejvicka, coZ dovolilo realizovat spektaku-
larni spolecnou prorazku do prostoru obratovych koleji stanice.

Prvni nasazeni technologie zeminovych §tita v prostfedi prazskych
geologickych podminek probéhlo tspésné. Na obou Stitech byla pro-
kazéana schopnost minimalizace poklest objektl v povrchové zoné
ovlivnéni. Bylo dosaZzeno také poZadované rychlosti vystavby obou
jednokolejnych tuneld. Realiza¢ni tym prines] mnohd vylepSeni
a inovace jak pfi samotné razbé (jedno z feSeni bylo patentovino),
tak predevsim pfi pritazich stroje stanicemi, startech ¢i samotné de-
montdZi obou stroju.

6. ZAVER
V soucasnosti probiha vybérové fizeni na zhotovitele trasy D

prazského metra v tseku Olbrachtova — Nové Dvory. Zadavaci do-
kumentace tohoto projektu predpoklada nasazeni dvou zeminovych

Obr. 13 Strojnik v pilotni kabiné zeminového Stitu S-609
Fig. 13 Machine operator in pilot's cabin of earth pressure balance shield
S-609

the VA metro line. It was a casting yard for reinforced concrete
segments that were designed directly for a specific tunneling
machine, and then a batching plant for backfill mortar including
pumps for their transport to the tunneling machine. Material
logistics were provided by multi-purpose wheeled platforms (so-
called MSV), the belt conveyor system was used for removing
muck. Everything had to be designed with sufficient capacity so
that none of the sub-technologies was the proverbial weakest link
in the chain and that neither of the two tunneling machines was
limited by any of the technologies.

The first of the machines, which had the type designation
Herrenknecht S-609, was assembled during the first quarter of
2011, and in April of that year it started to drive the tunnel from the
shaft at Vypich to the Petfiny station. The second machine, with the
type designation S-610, started driving from the same place three
months later. Both machines gradually arrived at the Petfiny station
under construction, were pulled through the station and at the end
of the station they started again to excavate the connecting inter-
station section. The described scenario was also repeated at the
Nadrazi Veleslavin and Bofislavka stations. After the completion
of about half of the four-kilometer long section, all accompanying
technologies were moved from the Na Vypichu construction site
to the construction site in Evropska street. Since it was possible to
capitalise on the experience gained during the driving by the first
machine on the second machine, the S-610 earth pressure balance
shield could drive faster than the S-609 and gradually reduce the
original three-month time lag. This the simultaneous running of
both machines in front of the Dejvickd station possible, which
allowed for a spectacular joint breakthrough into the area of the
station ‘s turn-back tracks. The first deployment of the earth pressure
balance shield technology in Prague‘s geological conditions was
successful. The ability to minimise object subsidence in the surface
zone of influence was demonstrated on both shields. The required
construction speed of both single-track tunnels excavation was also
achieved. The implementation team brought many improvements
and innovations both during the excavation itself (one of the
solutions was patented), and above all during the pulling of the
machine through the stations, starts or the disassembly of both
machines itself.

6. CONCLUSION

Currently, a tender is underway for the contractor for route D of
the Prague metro in the section Olbrachtova — Nové Dvory. The
tender documents for this project envisage the deployment of two
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Obr. 14 Prehled iisekii praZského metra raZenych Stity
Fig. 14 Overview of Prague metro section driven by shields

Stith ve stavebni jamé ,,Rezerva™ v Pisnici a jejich razbu do povr-
chové stanice Nadrazi Kr¢ (obr. 14). Po vice neZ deseti letech se
tak tunelovaci Stity op€t navrati na razby tras prazského metra a jiz
nyni je jisté, Ze si pfipiSou minimalné jedno ,,nej* v rdmci dosavadni
historie vystavby prazského metra. A sice razbu nejdelsiho nepferu-
Seného tratového tseku z jamy Rezerva do stanice Nové Dvory, jeZ
presdhne délku 3 km.

Na jmenovaném useku se sice v budoucnu pocitd s dvojici sta-
nic — Pisnice a Libus, ale tyto budou konstruoviny ve stavebnich
jamach hloubenych do jiz vyraZenych tunelll spolu s rozebrdnim
segmentového osténi v tomto prostoru. Jaké dalsi technické vyzvy,
neotreld feseni, posuny dosavadnich rekordi ¢i konkrétni lidské pri-
béhy nam nasazeni zeminovych §titi na prvnim tseku trasy D pfi-
nese? Odpovéd na tuto otdzku je dosud oteviena a je ukryta v kon-
turach budoucnosti.

Ing. PETR HYBSKY,
petr.hybsky@m-tbr.cz,
Metrostav-TBR a.s.
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SILNICNI TUNEL NA NEJJIZNEJSIM FAERSKEM OSTROVE SUDUROY
ROAD TUNNEL ON THE SOUTHERNMOST FAROE ISLAND
OF SUDUROY

JIRIHORCICKA, JAN SKALA

ABSTRAKT

Skupina Metrostav prostrednictvim své dceriné spolecnosti Metrostav Norge AS ziskala na podzim roku 2022 zakdzku na razby 1,2 km
dlouhého tunelu na Faerskych ostrovech. Tedy v pusobisti, ve kterém dosud Zddnd ceskd spolecnost tunelovou stavbu nerealizovala. O tune-
lu, ktery v budoucnu propoji vesnice Famjin a @rdavik, ale i o stavu tunelového stavitelstvi na Faerskych ostrovech pojedndvd ndsledujici

Cldnek.

ABSTRACT

The Metrostav Group, through its subsidiary Metrostav Norge AS, won a contract for the excavation of a 1.2 km long tunnel in the Faroe
Islands in the fall of 2022 year. That is, in an area where no Czech company has yet performed tunnel construction. The following paper
discusses the tunnel that will connect the villages of Famjin and @rdavik in the future, as well as the state of tunnel construction in the

Faroe Islands.

1. UvoD

Je tomu jiZ Sestnéct let od chvile, kdy zacala firma Metrostav a.s.
své pusobeni v severni Evropé. Tehdy uspéla ve vybérovém fizeni
na razbu dvou silni¢nich tunel@ na severu Islandu. Tunely Olaf-
sjordur a Siglufjordur byly klic¢em k otevieni dvefi k dal$im seve-
roevropskym projektiim — razb€ metra v Helsinkéch, tunelu Nord-
fjordur na Islandu a nasledné dalsi realizaci ve Finsku. Mezitim
se spolecnosti podafilo uspét v Norsku na razbé 1565 m dlouhé-
ho tunelu Bjornabakkane. V roce 2019 byla zaloZena spole¢nost
Metrostav Norge AS. Za dobu svého plisobeni v prostiedi severni
Evropy spolecnost vyrazila pres 35 km tunelll. V soucasnosti zaha-
juje razbu dalSiho tunelu, tentokrat na nejjiznéjSim ostrové Faer-
ského souostrovi — Suduroy.

2. ZEME TUNELUM ZASLIBENA

Faerské ostrovy jsou autonomni soucdsti Danského kralovstvi.
Na své autonomii si vyrazné zaklddaji a maji kuptikladu vlastni
parlament (obr. 1). Na rozdil od Danska nejsou soucasti Evropské

foto J. Skdla photo J. Skdla

Obr. 1 Budovy Faerského parlamentu
Fig. 1 Buildings of Faroe Islands parliament

1. INTRODUCTION

It has already been sixteen years since the company Metrostav
a.s. started its operations in Northern Europe. At that time, it was
successful in the tender process for the excavation of two road
tunnels in the north of Iceland. The Olafsjordur and Siglufjérdur
tunnels were the key to opening the door to other Northern
European projects — the excavation of the metro in Helsinki, the
Nordfjordur tunnel in Iceland and then another construction project
in Finland. Meanwhile, the company succeeded in excavating the
1565m long Bjornabakkane tunnel in Norway. Metrostav Norge
AS was founded in 2019. During the period of its activities in the
environment of Northern Europe, the company drove over 35km of
tunnels. It is currently starting the excavation of another tunnel, this
time on the southernmost island of the Faroe Islands — Suduroy.

2. THE PROMISED LAND OF TUNNELS

The Faroe Islands are an autonomous part of the Kingdom of
Denmark. They very pride themselves on their autonomy and have,
for example, their own parliament (Fig. 1). Unlike Denmark, they
are not part of the European Union or the Schengen area. Local
residents very often mention that in terms of GDP per capita, they
are the eighth richest country in the world.

The most important source of local income is fishing. Its share
of exports amopunts approximately to 95 per cent. Apart from
producing a few of its own commodities, such as growing potatoes
or raising sheep, the country is largely dependent on imports. An
interesting fact is that even in the production of electricity, they
have to rely on diesel-driven generators, because energy from
renewable sources is not able to cover the needs of local residents.
In line with the current trend towards green energy, hydro, wind
and photovoltaic power plants are being built here, but for example
in the year 2019, which was particularly dry and not very windy,
only 40% of electricity was produced from renewable sources.

Sheep breeding is also an important element of the local economy.
In the country where almost 54,000 people live, 70,000 pieces of

this animal species are kept. Faroese wool products enjoy a very
good reputation and sheep meat is a popular part of the local menu.




unie ani schengenského prostoru. Zdejsi obyvatelé velmi Casto
zminuji, Ze v pfepo¢tu HDP na jednoho obyvatele jsou osmou nej-
bohatsi zemi svéta.

dil na vyvozu ¢ini pfiblizn€ 95 %. Kromé produkce nékolika mélo
vlastnich komodit, jakymi je napr. péstovani brambor ¢i chov ovci,
je zemé ve velké mife zavisla na dovozu. Zajimavosti je, Ze i v pro-
dukci elektrické energie se musi spoléhat na dieselové agregaty,
nebot energie z obnovitelnych zdroji neni schopna pokryt potie-
by mistnich obyvatel. Ve shodé se soucasnym piiklonem k zelené
energii jsou zde budovéany vodni, vétrné ¢i fotovoltaické elektrarny,
ale napfiklad v roce 2019, ktery byl obzvlasté suchy a mélo vétr-
ny, se z obnovitelnych zdrojt podafilo vyrobit jen 40 % elektrické
energie.

Vyznamnym prvkem zdejsiho hospodafstvi je také chov ovci.
V zemi, kde Zije bezmala 54 000 obyvatel, je chovano na 70 000
exemplara tohoto Zivocisného druhu. Vyrobky z faerské viny se
t&81 velmi dobré povésti a ov¢i maso je oblibenou soucasti zdejsiho
jidelnicku.

Verejnosti médlo zndmou skutecnosti je, Ze Faerské ostrovy jsou
zemi vyznamné protkanou siti silni¢nich tuneld (tab. 1) [1]. Vibec
nejstarSim z nich je tunel Hvalba vybudovany v letech 1961-1963.
Je dlouhy 1 450 m a mé pouze jeden jizdni pruh. Pro moZnost mi-
jeni protijedoucich vozidel jsou po délce tunelu vyhybny. Svétla
vyska prajezdného profilu je 3,20 m, coZ znemoziuje prujezd roz-
meérnéjSim vozidlim. Podobné koncepce jsou i dalsi tunely vysta-
véné v 70. a 80. letech minulého stoleti.

Tab. 1 Prehled doposud realizovanych dopravnich tuneli na Faerskych
ostrovech [3]

Nazev tunelu F:i%kpt:,z‘e,gg:" Délka tunelu (m)
Hvalbiartunnilin 1963 1450
Arnafjardartunnilin 1965 1680
Hvannasundstunnilin 1967 2120
Sandvikartunnilin 1969 1500
Nordskalatunnilin 1976 2520
Leynartunnilin 1977 760
Villingardalstunnilin 1979 1193
Ritudalstunnilin 1980 683
Mikladalstunnilin 1980 1082
Trollanestunnilin 1985 2248
Teymur i Djupadal 1985 220
Leirvikartunnilin 1985 2238
Kunoyartunnilin 1988 3031
Kollafjardartunnilin 1992 2816
Sumbiartunnilin 1997 3240
Végatunnilin 2002 4940
Gasadalstunnilin 2006 1445
Nordoyatunnilin 2006 6 186
Hovstunnilin 2007 2435
Vidareidistunnilin 2016 1939
Eysturoyartunnilin 2020 11200
Nyggi Hvalbiartunnilin 2021 2500

V roce 2002 se zacala psat kapitola mistnich podmotskych tune-
14 (obr. 2), nebot tehdy byl zahdjen provoz v prvnim z nich — tu-

nelu Vagatunnilin. Faerské souostrovi totiz ¢ita celkem 18 ostrovi,
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A fact little known to the public is that the Faroe Islands are a
country significantly interwoven with a network of road tunnels
(Table 1) [1]. The oldest of them is the Hvalba tunnel, built in
1961-1963. It is 1,450m long and has only one tradic lane. There
are passing areas along the length of the tunnel for the possibility of
passing oncoming vehicles. The clearance profile is 3.20m heigh,
which makes it impossible for larger vehicles to pass through. The
concept of other tunnels built in the 1970s and 1980s is similar.

Table 1 Overview of traffic tunnels constructed so far in the Faroe Islands [3]

Tunnel name o: ::irngfttc:l?r';%!i o Tunnel length (m)
Hvalbiartunnilin 1963 1450
Arnafjardartunnilin 1965 1680
Hvannasundstunnilin 1967 2120
Sandvikartunnilin 1969 1500
Nordskalatunnilin 1976 2520
Leynartunnilin 1977 760
Villingardalstunnilin 1979 1193
Ritudalstunnilin 1980 683
Mikladalstunnilin 1980 1082
Trollanestunnilin 1985 2248
Teymur i Djupadal 1985 220
Leirvikartunnilin 1985 2238
Kunoyartunnilin 1988 3031
Kollafjardartunnilin 1992 2816
Sumbiartunnilin 1997 3240
Végatunnilin 2002 4940
Gasadalstunnilin 2006 1445
Nordoyatunnilin 2006 6186
Hovstunnilin 2007 2435
Vidareidistunnilin 2016 1939
Eysturoyartunnilin 2020 11,200
Nyggi Hvalbiartunnilin 2021 2500

In 2002, the chapter on local underwater tunnels (Fig. 2) began
to be written, because that was when the operation of the first of
them — the Vagatunnilin tunnel — began. The Faroe Archipelago has
a total of 18 islands, the transport between them is significantly
complicated and brings people a certain degree of isolation. Last
year, the local minister of transport presented the construction
of the local underwater tunnels as a kind of ,sociological
experiment®. Namely, that their existence and the acceleration of
transport between the islands fundamentally changes the behaviour
of people in relation to their place of residence. The previously
hard-to-imagine daily commuting to work in the capital Térshavn
is suddenly a reality. The earlier voyage, which was a matter of
several hours, is transformed into a journey by car in an order of
tens of minutes. The territory thus becomes more integrated and
communal.

The nearly five kilometer long two-lane Vagatunnilin tunnel was
not born easily. Exploration work began already in 1988, and the
mining itself a year later. However, as a result of the economic
crisis, most of the construction projects were stopped, including
Vagatunlinin. Mining resumed in 2000 and the tunnel was opened
to traffic two years later.

The second underwater tunnel is called Nordoyatunnilin and is
6,186m long. It was driven through a basaltic environment using the
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doprava mezi nimi je vyrazné komplikovand a pfinasi lidem do
urcité miry izolaci. V loiiském roce zdejs$i ministr dopravy prezen-
toval realizaci zdejSich podmoftskych tunelil jako jakysi ,,sociolo-
gicky experiment®. TotiZ, Ze jejich existence a zrychleni dopravy
mezi ostrovy zdsadné méni chovani lidi ve vztahu k jejich bydlisti.
Drive tézko predstavitelné denni dojizdéni za praci do hlavniho
mésta Torshavn je razem skutecnosti. Diivéjsi plavba, kterd byla
nékolikahodinovou zaleZitosti, se transformuje v dojezd osobnim
automobilem v fadech nékolika desitek minut. Uzemi se tak stavé
celistvéjsi a pospolitéjsi.

Témér pét kilometrt dlouhy dvoupruhovy tunel Vagatunnilin se
nerodil snadno. Prizkumné prace zacaly jiz v roce 1988 a samotna
razba o rok pozdg€ji. V disledku ekonomické krize vSak nasledné
doslo k zastaveni vétSiny stavebnich projektt, Vagatunnilin nevy-
jimaje. RaZba byla obnovena v roce 2000 a do provozu byl uveden
o dva roky pozdéji.

Druhy podmoisky tunel se jmenuje Nordoyatunnilin a je dlouhy
6 186 m. RaZen byl v prostiedi ¢edice Norskou tunelovaci meto-
dou. Duiraz byl kladen na injektaZ horninového prostredi s cilem
vytvorit vodonepropustné prostfedi. Tunel byl raZzen protismér-
né ze dvou celeb a v maximech bylo mozné dosahovat dennich
vykoni az 30 m na obou celbach. Doposud nejrozsahlejSim pod-
moriskym tunelem ve zdejSim prostfedi je Eysturoyartunnilin. Pa-
dorysné je tunel sloZen ze tii smérovych vétvi, které se potkavaji
v podzemni okruzni kfiZovatce (obr. 3). V souctu dosahuje tunel
délky 11 200 m, je dvoupruhovy, v nejhlubsim misté je situovan
189 m pod motské dno. Tunel je vyhleddavanou turistickou atrak-
ci, protoZze kromé svého dopravniho ucelu je zajimavy také dily
mistniho umélce Tréndura Paturssona. Jeho dilem je 80 m dlouha
skulptura, kterd v sobé spojuje lidskou siluetu a svételné efekty.
Jelikoz je dilo ocelové, pocita se s tim, Ze v ¢ase bude diky oxida-
ci ménit barvu. Pro jizdu tunelem byla zkomponovana specidlni
melodie, jejimz autorem je Jens L. Thomsen. VSechny zvuky ve
skladbé byly nahrany béhem stavby tunelli. Chcete-li si hudebni
kompozici béhem jizdy vychutnat, neni nic snazsiho, nez si béhem
jizdy naladit frekvenci 97,00 FM.

Souhrnna délka vSech silni¢nich tunelti dosahuje tctyhodné dél-
ky 57,5 km a dalsi jsou v dohledném Casovém horizontu pfiprave-
ny k realizaci. Je potéSitelné konstatovat, Ze rovnéZ CeSti tunelari

Obr. 3 Okruzni kiiZovatka v tunelu Eysturoyartunnilin
Fig. 3 Roundabout intersection in the Eysturoyartunnilin tunnel

W

zdroj internet source internet
Obr. 2 Mapa Faerskych ostrovii s vyznacenim podmorskych tunelii a tunelu
Fdmjin
Fig. 2 Map of Faroe Islands with undersea tunnels and the Famjin tunnel

Norwegian tunneling method. Emphasis was placed on grouting of the
rock environment with the aim of creating a waterproof environment.
The tunnel was excavated from both ens, from opposite headings,
and at the maximum it was possible to achieve daily outputs of up
to 30m at both headings. To date, the most extensive underwater
tunnel in the local environment is the Eysturoyartunnilin. In plan,
the tunnel is composed of three directional curves that meet at an
underground roundabout intersection
(Fig. 3). In total, the tunnel is
11,200m long, has two lanes, and is
located 189m below the seabed at its
deepest point. The tunnel is a popular
tourist attraction because, in addition
to its transport purpose, the work
of local artist Trondur Patursson is
also interesting. It is an 80m long
sculpture that combines a human
silhouette and light effects. Since the
work is made of steel, it is expected
that it will change colour over time
due to oxidation. A special melody
was composed for driving through the
tunnel. Its author is Jens L. Thomsen.
All the sounds in the song were
recorded during the construction of
the tunnels. If you want to enjoy a
musical composition while driving,
there is nothing easier than tuning in
to 97.00 FM while driving.

zdroj internet source internet
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prispéji svym dilem ke zdejsi siti
tuneld.

3. TUNEL MEZI VESNICEMI
FAMJIN A @RPAVIK

Béhem letitého pusobeni na sta-
vebnich trzich severu Evropy na-
vykli pracovnici MTS jiZ tomu, Ze
investicni zdméry tamnich radnich
zahrnuji i dopravni spojeni pro ob-
lasti z béZného pohledu velmi fidce
osidlené. PfedevSim v zimnich mé-
sicich se vSak nékteré oblasti stavaji
v podstaté nedostupné, nebo jen vel-
mi obtiZzné dostupné, a silni¢ni tune-
ly maji tudiz pro mistni obyvatele
neocenitelny vyznam.

Nejinak je tomu i v pfipadé silni¢niho tunelu Famjin, ktery pro-
poji stejnojmennou vesnici Fimjin (108 obyvatel) s vesnici @rdavik
(42 obyvatel). V soucasné dob¢ je mozné dopravit se mezi obéma

foto J. Skdla photo J. Skdla
Obr. 5 JiZni pobreZi na ostrové Sudoroy
Fig. 5 Southern seashore of Sudoroy island

Zakladni udaje o stavbé:

zdroj maps.google.com source maps.google.com

Obr. 4 Soucasnd cesta mezi vesnicemi Famjin a Qrdavik
Fig. 4 Current road between villages of Famjin and Qrdavik

The total length of all road tunnels reaches respectable 57.5km,
and other tunnels are prepared for construction in the foreseeable
future. It is gratifying to note that Czech tunnelers will also
contribute to the local tunnel network.

3. TUNNEL BETWEEN THE VILLAGES OF FAMJIN
AND ZRDAVIK

During many years of working in the construction markets of
northern Europe, Metrostav employees have already become
accustomed to the fact that the investment plans of local councilors
also include transport links for areas that are, from a common point
of view, very sparsely populated. Especially in the winter months,
however, some areas become essentially inaccessible, or only very
difficult to be accessed, and road tunnels are therefore of invaluable
importance to local residents.

It is not different in the case of the Famjin road tunnel, which
connects the village of the same name Famjin (108 inhabitants)
with the village of @rdavik (42 inhabitants). Currently, it is possible
to travel between the two villages on a narrow and winding road
(Fig. 4), which is 8.7km long (despite the fact that the distance
between the villages is 3.7km as the crow flies) and climbs
respectable 351 meters in height. However, the biggest natural
threat in this area is not snowfall, but rather unusually strong winds
(Fig. 5). The employees of Metrostav Norge could experience its
effects firsthand during the construction of the maintenance hall on
the construction site utility, but also during normal travel, when the
wind blows off the doors of cars.

The tunnel will be 1200m long, two-lane with one traffic lane
in each direction (Fig. 6). There will be two emergency parking
bays in the tunnel. The ground plan of the tunnel consists of three
counter-curves with radii of 500m, 600m and 600m (Fig. 7). The
longitudinal slope of the tunnel starts at approximately 6.5% in
the direction of excavation, continues at approximately 5% along

Basic project data

Investor Landsverk Client Landsverk

Projektant LBF Radgevandi verkfradingar (Faerské ostrovy) Designer LBF Radgevandi verkfradingar (Faroe Islands)
Zhotovitel J&K Petersen (Faerské ostrovy) Contractor J&K Petersen (Faroe Islands)

Dodavatel razeb Metrostav Norge Mining contractor Metrostav Norge

Typ stavby silniéni tunel Construction type road tunnel

Délka tunelu 1200 m Tunnel length 1200m

Objem vyrubu cca 80 000 m? Excavation volume ca 80,000m®
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vesnicemi tzkou a klikatou ces-
tou (obr. 4), ktera je dlouha 8,7 km
(i presto, Ze vzdalenost vesnic je
vzduSnou Carou 3,7 km) a vystoupa
dctyhodnych 351 vyskovych metra.
Nejvétsi prirodni hrozbou v této ob-
lasti vSak nejsou snéhové srazky, ale
ponékud nezvykle silny vitr (obr. 5).
Jeho dcinky mohli na vlastni kazi
okusit pracovnici Metrostavu Norge
jiZ pfi stavbé haly udrzby na zafizeni
staveniSté, ale i pfi béZném cestova-
ni, kdy vitr vyvraci dvefe aut.

Tunel bude dlouhy 1200 m, dvou-
pruhovy s jednim jizdnim pruhem
v kazdém sméru (obr. 6). V tunelu
budou dva nouzové zalivy. Padorys-
né je tunel tvofen tfemi protismér-
nymi oblouky s poloméry 500 m,
600 m a 600 m (obr. 7). Podélny
sklon tunelu zac¢ind ve sméru raz-
by priblizné na 6,5 %, po vétsiné
své délky ma hodnotu zhruba 5 %
a tésné pred koncem razené Casti se
blizi nule. Plocha pri¢ného fezu je
67,01 m?> v mist€ nouzovych zalivi
je pri¢ny fez rozsifen na 85,17 m?.
3.1 Geologické

a hydrogeologické
pomeéry

Oblast planované trasy tunelu
se nachazi v souvrstvi Beinisvgrd,
které se sklada z lavovych proudi
o velké mocnosti. Jednotlivé lavové
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Obr. 6 Vzorovy pricny rez raZenym tunelem
Fig. 6 Typical cross-section through a mined tunnel
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Obr. 7 Situace trasy a tunelu
Fig. 7 Map of the alignment and the tunnel

zdroj realizacni dokumentace stavby source detailed design

zdroj realizacni dokumentace stavby source detailed design

most of its length, and approaches zero just
before the end of the mined section. The
cross-sectional area amounts to 67.01m?;
in the place of emergency bays, the cross-
section is expanded to 85.17m?.

3.1 Geological and hydrogeological
conditions

The area of the planned tunnel route
is located in the Beinisvgrd formation,
which consists of great-thickness lava
flows. Individual lava flows, which are
separated by thin layers of reddish-brown
volcanoclastic clay, are indicated by Roman
numbers. The numbers indicate the order in
which the magma flows occurred. Simply
put, each basaltic lava flow represents one
volcanic eruption in a given period of time
(Fig. 8). In the direction out off the @rdavik
portal, excavation takes place in lava flow
III, which is located approximately in the
lower half of the face, consisting mainly of
scoriobasalt, a dark-coloured volcanic rock
with a lot of variously sized and usually
smooth cavities. This is followed by a 10 to
40cm thick layer of mudstone. Lava flow IV
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proudy, které jsou oddéleny malo
mocnymi vrstvami Cervenohnédého
vulkanoklastického jilovce, se ozna-
¢uji fimskymi Cisly. Cisla oznaduji
poradi, v jakém k vyleviim magmatu
dochézelo. Zjednodusené feceno, ka-
zdy cedicovy lavovy proud predsta-
vuje jednu sopecnou erupci v daném
¢asovém obdobi (obr. 8). Smérem od
portalu @rdavik razba probihd v la-
vovém proudu III, ktery se nachazi
priblizné ve spodni poloving celby,
tvofeném  prevazné  skoriobazal-
tem, tmavé zbarvenou vulkanickou
horninou se spoustou rizné velkych
a obvykle hladkych dutinek. Nasle-
duje vrstva jilovce o mocnosti 10
az 40 cm. Nad ni je lavovy proud
IV skladajici se ze stiidani pevného,
tmavé Sedého, pevazné afanitického
bazaltu a skoriobazaltu.

Maximalni vyska nadlozi v tra-
se tunelu je zhruba 150 m, coZ je
hodnota, pfi které by se nemély vy-
skytovat zvySené horninové tlaky.
Severné od tunelu lezici vrch Fjallid
Mikla (469 m n. m.) a jizné od tune-
Iu lezici kopec Nonfjall (427 m n. m.) mohou zvysené horninové
tlaky zptsobovat, avSak ne v takové mife, aby to ovlivnilo stabilitu
tunelu.

Hydrogeologické poméry v oblasti stavby nebyly konkrétné
zkoumdny, avSak zdznamy z jadrového vrtdni naznacuji v trase
tunelu suché podminky. V nékolika dalSich vrtech v oblasti byly
hlaSeny ztraty technologické vody pii vrtini, coZ dokazuje, Ze Ce-
di¢ mazZe byt propustny typicky podél puklin a poruchovych zon.
V terénu nad tunelem je jen nékolik menSich jezirek a potackd,
d4 se proto predpoklddat, Ze mnoZstvi vody pronikajici do tunelu
bude zaviset na mnoZstvi srdzek. Z vySe uvedeného nicméné vy-
plyva, Ze jisté pritoky vody do tunelu 1ze o¢ekavat.

3.2 Zpusob vystavby tunelu
Tunel bude realizovdn Norskou tunelovaci metodou, pifi niZ
se aplikuje postup razby ,,drill and blast”. Razba bude probihat

zdroj geologickd zprdva projektu source project geological report

Obr. 8 Ilustraéni obrdzek jednotlivych vrstev lavovych proudii
Fig. 8 Illustrative picture of the different layers of lava flows

consisting of alternating solid, dark gray, predominantly aphanitic
basalt and scoriobasalt is above it.

The maximum height of the overburden on the tunnel route
amounts approximately to 150m, which is a value at which increased
rock pressures should not occur. Fjallid Mikla hill (469m a.s.l.)
located north of the tunnel and Nonfjall hill (427m a.s.l.) located
south of the tunnel may cause increased rock pressures, but not to
such an extent as to affect the stability of the tunnel.

Hydrogeological conditions in the construction area have not
been specifically investigated, but cored drilling records indicate
dry conditions along the tunnel route. Several other wells in the area
reported losses of process water during drilling, demonstrating that
basalt can be permeable typically along fractures and fault zones.
There are only a few small lakes and streams in the terrain above
the tunnel, so it can be assumed that the amount of water penetrating
into the tunnel will depend on the amount of precipitation. However,

it follows from the above text that

Obr. 9 Vrtaci viiz v prostoru portdlu tunelu — odkryté ¢edice lavového proudu
Fig. 9 Drilling jumbo in the tunnel portal area — exposed basalts of the lava flow

certain inflows of water into the
tunnel can be expected.

3.2 Tunnel construction

method
The tunnel will be constructed
using the Norwegian tunneling

method, which applies the ,drill
and blast* tunnelling procedure.
The tunnel will be driven upwards
from one portal, from the village of
@rdavik towards Famjin. After the
tunnel excavation has been finished
and supported with a primary lining,
permanent measures against frost and
water penetration into the tunnel will
be implemented, including additional
layers of sprayed concrete. Six

Jfoto P. Mello photo P. Mello
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dovrchné z jednoho portélu od vesnice @rdavik smérem k Famjinu.
Po vyraZeni a zaji$téni tunelu primarnim osténim budou nasledné
provedena trvald opatfeni proti mrazu a pronikdni vody do tunelu
véetné dalSich vrstev stfikaného betonu [2].

Pro razbu je ptedpokladano Sest vystrojovacich tiid, které byly
stanoveny podle klasifikacniho indexu Q. Rozpojovéani horniny je
pomoci trhacich praci s maximalni délkou zabéru 4,5-5,0 m. Vrty
pro trhaci prace budou provadény tiflafetovym vrtacim vozem San-
dvik DT1131i (obr. 9). Pro trhaci prace budou pouZiviany emulzni
trhaviny. Nabijeni bude strojni s kontrolou nabijeného mnoZstvi
a nabijeci hustoty trhaviny pfi plnéni vrtll. Na roznét se pouZije
pocinova nalozka s rozbuskou, kterd bude umisténa na konec plnici
hadice a zasunuta na dno vrtu, nasledné bude zahajeno elektricky
fizené plnéni vrtu emulzi. Obrysové a podobrysové vrty musi byt
vzdy ladovany s pouzitim retrak¢ni jednotky. Vrty nabité emul-
zi nebudou té€snény. Po kazdém nabijeni bude vytisknut zaznam
o spotfebé emulznich trhavin z plnici jednotky, ktery bude ptilohou
zaznamu o odpalu.

Po vyvétrani pracovisté se provede strojni obtrhani vyrubu (tzv.
scaling). Po jeho ukonceni se pfistupuje k ru¢nimu zacisténi vy-
rubu pomoci ruéni obtrhdvaci tyce. Z vyrubu se tak odstrani kusy
horniny, které nebyly strZzeny strojné.

Nakladani rozpojené horniny bude provadéno strojné pomoci
¢elniho kolového nakladace s bo¢nim nebo ¢elnim vysypem a od-
voz zajisti nakladni vozy.

Zajisténi vyrubu se prednostné provadi kotvenim. Podle zastiZe-
né vystrojovaci tfidy se provadi bud systematické kotveni s projek-
tovanou pozici kotev, nebo kotveni nahodilé. V takovém piipadé
sménovy technik vyznaci pozice pro instalaci kotev. Na projektu
budou pouzivané nasledujici typy kotev:

* mechanicky upinané a cementovou maltou

injektované svorniky typu:

— KombiBolt, délky 3 m, 4 m, 5 m @ 20;

— KombiBolt, délky 6 m @ 25;
e hydraulicky upinané, osazené obturdtorem

pro dodatec¢né injektovdni:

— kotvy s pakrem, délky 4 m @ 20.

Dal§im zajistovacim prvkem je stiikany beton. V niZSich tii-
déach se pouZziva klasického plosného zastiiku vyrubu tl. 80 mm az
150 mm, pocinaje vystrojovaci tfidou IV se pro zajisténi vyrubu
pouziva vyztuZzenych oblouki ze stfikaného betonu. Oblouky se
mohou instalovat pii Celbé (okamZité po odpalu daného zabéru),
nebo za Celbou (s ur¢itym Casovym odstupem). Vyztuzné oblouky
se podle potfeby mohou kombinovat s jehlami. Pravé tato kombi-
nace bude hojné vyuZzita v pocatku razicich praci pro fadné zajis-
téni portalu z divodu nizkého nadlozi a nizsi kvality horninového
masivu v téchto mistech.

4. SOUCASNY STAV PRACI

Vykopové prace na portdlu, provadéné mistni stavebni firmou,
zapocaly nad vesnici @rdavik v 1ét& roku 2022. Metrostav Norge
zaCal prvni pracovniky a stroje mobilizovat za¢atkem podzimu.
Prvnim silnéj$im zaZitkem byla pro nékteré pracovniky premiérova
dvouhodinova cesta z Térshavnu na nejjiznéjsi ostrov, kdy se nej-
veétsi faersky trajekt ve vinach dost nepiijemné houpal a naklanél.
Strojni sestavu se aZ na mensi komplikace podarilo dostat na Sudu-
roy jiz pred polovinou fijna. V soucasné dobé probihaji za pochodu
jak préace na zafizeni stavenisté, tak na portale. Jako prvni vyrostla
hala 4drzby stroji, z dvodu proménlivych klimatickych podmi-
nek bylo zapotfebi vybudovat i mensi halu slouZici jako skladiSté,
tak aby material ztstal v teple a v suchu. Po vyhloubeni portalové
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excavation support classes are expected for driving the tunnel. They
were determined according to the rock mass quality classification
index Q. The rock is broken by blasting with a maximum length of
the round of 4.5-5.0m. Blastholes will be drilled using a Sandvik
DT1131i three-boom rig (Fig. 9). Emulsion explosives will be used
for blasting. Charging will be mechanical with checking the loaded
quantity and the charging density of the explosive while filling the
wells. An initiation charge with a detonator will be used for firing.
The detonator will be placed at the end of the filling hose and inserted
to the bottom of the borehole; then electrically controlled filling of
the borehole with emulsion will begin. Contour and sub-contour
blastholes must always be loaded using a retraction unit. Holes filled
with emulsion will not be tamped. After each firing, a record of the
consumption of emulsion explosives from the loading unit will be
printed and will be attached to the firing record.

After the workplace has been ventilated, mechanical scaling
is carried out. After its completion, manual scaling is carried out
using a manual scaling rod. In this way, pieces of rock that have
not been torn down mechanically are removed from the excavation.

The loading of loose rock will be carried out mechanically using
a front-end loader with side or front tipping, and the disposal will
be provided by trucks. Stabilisation of the excavation is preferably
carried out by anchoring. Depending on the excavation support
class encountered, either the anchoring system with a designed
position of the anchors is applied or random anchoring is carried
out. In this case, the shift technician will mark the positions for the
installation of the anchors. The following types of anchors will be
used on the project:

* mechanically expanded and cement mortar-grouted

rockbolt types:
— CombiBolt, 3m, 4m, 5m long @ 20;
— CombiBolt, 6m long A 25;

* hydraulically expanded, fitted with a packer

for additional grouting:
— anchors with a packer, 4m long @ 20.

Another supporting element is shotcrete. In the lower support
classes, a classical application of an 80mm to 150mm thick
layer of shotcrete on the excavated surface is used; starting with
support class IV, reinforced arches made of sprayed concrete are
used to support the excavation. The arches can be installed at the
excavation face (immediately after shot firing) or at some distance
from the face (with a certain time interval). Reinforcing arches can
be combined with spiling as needed. It is this combination that will
be widely used at the beginning of the excavation work to properly
stabilise the portal because of the low overburden and the lower
quality of the rock massif in these places.

4. CURRENT STATE OF WORK

Earthwork for the portal, carried out by a local construction
company, began above the village of @rdavik in the summer of
2022. Metrostav Norge started mobilising the first workers and
machines at the beginning of autumn. The first strong experience
for some workers was the premiere two-hour voyge from
Toérshavn to the southernmost island, when the largest Faroese
ferry rocked and tilted quite uncomfortably in the waves. Except
for minor complications, the mechanical equipment set managed
to get to Suduroy before mid-October. Currently, work on both
the construction site utility and the portal is underway. The
machine maintenance shed was built first; due to variable climatic
conditions it was also necessary to build a smaller shed serving as
a warehouse, so that the material remained in heated conditions
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Obr. 10 Pohled na budouci portdl tunelu Qroavik
Fig. 10 View of the future Qrdavik tunnel portal

jamy na poZadovanou droveni zacaly piipravné prace pro zaraZeni
tunelu. Dne 16. 11. 2022 byl proveden podle pldnu prvni odpal
na srovnani portalové sté€ny. Poté byly zahdjeny price na zajiSténi
portalu. Po diikladném zacisténi byl nanesen stiikany beton, prove-
deno jehlovani podél obrysu, zajisténi pomoci svorniki a dalsi vrs-
tva stifkaného betonu. Timto byl portal pfipraven k samotné razbé
tunelu.

5. ZAVER

V obdobi uzavérky tohoto ¢isla casopisu Tunel se postupné schy-
luje k zahdjeni razeb z portilu @rdavik (obr. 10). Podle zvyklosti
stitedoevropskych tunelafi bude razba probihat pod patronaci sos-
ky sv. Barborky — patronky vSech pracovnikl v podzemnich ¢in-
nostech, kterd bude na pracovniky dohliZet z ¢estného mista na
portalu tunelu. Slavnostni akt se uskutec¢nil 3. 12., tedy v predve-
¢er svatku sv. Barbory. Svéceni provedl mistni knéz. Pokud raz-
ba tunelu probéhne podle predpokladd, tak bude pocatkem roku
2024 mozné ¢tendiim pfipravit novy ¢lanek, ktery jiz bude razby
rekapitulovat.
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Jiri.horcicka@metrostav-norge.no,
Ing. JAN SKALA,
Jan.skala@metrostav-norge.no,
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and dry. After the portal pit excavation to the required level was
finished, the preparatory work for the tunnel groundbreaking
began. On 16/11/2022, the first fire shot to flatten the portal wall
was carried out according to the plan. After that, work was started
on the stabilisation of the portal. After thorough trimming, sprayed
concrete was applied, forepoling along the contour was carried out
as well as stabilisation with rockbolts and application of another
layer of shotcrete. With this, the portal was ready for the actual
excavation of the tunnel.

5. CONCLUSION

During the deadline period for this issue of Tunel journal,
excavation from the @rdavik portal is gradually approaching (Fig.
10). According to the customs of the Central European tunnelers,
the excavation will take place under the patronage of the statuette
of Saint Barbara — the patroness of all participants in underground
activities, who will supervise the workers from a place of honour
at the tunnel portal. The ceremonial act took place on December 3,
i.e. on the eve of St. Barbara‘s feast day. The consecration was
performed by a local priest. If the excavation of the tunnel proceeds
according to the assumptions, it will be possible to prepare a new
paper for readers in early 2024, which will already recapitulate the
excavations.
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UZEL 5 PLZEN, TUNELOVY OBJEKT KRIZENI ZELEZNICNI
_ A SILNICNI TRASY
NODE 5 PLZEN, TUNNEL OBJECT ON INTERSECTION
OF RAIL AND ROAD ROUTES

LUDEK RAJS, TOMAS KOHOUT, PETR SVOBODA

ABSTRAKT

Intravildn velkych mést celi stdle vétsimu nedostatku prostoru pro vedeni tras dopravnich cest pri jejich rekonstrukci ¢i zcela novém
vedeni. Dopravni inZenyri musi proto pouZit svého divtipu a pri trasovdni tohoto druhu staveb prichdzet s novymi a neotrelymi FeSenimi.
Jednim z prikladii popsaného fenoménu je projekt ,,Uzel Plzern, 5. stavba — Lobzy — Koterov*, v jehoZ rdmci dochdzi ke kriZeni silnicnich
a Zeleznicnich tras pod takovym iihlem, Ze bylo tieba jej realizovat mimotiroviiové. Cldnek popisuje technické parametry zminéného projek-
tu. PribliZuje geologické podminky, do kterych je stavebni objekt zasazen, projekcni pripravu stavby a v neposledni fadé shrnuje dosavadni
poznatky z jeji realizace.

ABSTRACT

The urban areas of large towns face an increasing lack of space for designing routes for transport structures during their reconstruction
or completely new routes. Traffic engineers must therefore use their ingenuity and come up with new and innovative solutions when
designing routes for this type of construction. One of the examples of the described phenomenon is the project ,, Plzeri Node, 5" construction
section — Lobzy — Koterov* in which the road and railway routes cross at such an angle that a grade-separated design had to be used. The
paper describes the technical parameters of the above-mentioned project. It describes the geological conditions in which the construction
object is placed, the design preparation of the construction and, last but not least, summarises the knowledge gained so far from the work.

1. UvoD 1. INTRODUCTION

Vystavba tzv. Nového spojeni v Praze, které je vyznamnym Ze- The construction of the so-called New Connection in Prague,
lezni¢nim uzlem spojujicim Hlavni nadrazi, Masarykovo nadrazi | Wwhich is an important railway junction connecting Hlavni Nadrazi
a nadrazi Libef, Vysocany a HoleSovice, piinesla mj. do stavitel- | railway station, Masarykovo NadraZi railway station and Liber,

Vysocany and HoleSovice stations, among other things, brought a
new term into the construction terminology. That term is ,, Tunnel
bridge®, i.e. a structure in which the routes cross on separate grades
in such a way that the one at a Loir height level is led in a cut-and-
cover tunnel and, on the contrary, the one at a higher height level is
led on the roof deck of the cut-and-cover tunnel. As part of the New
Connection, a tunnel bridge was built on km 3.319 under the Prague
— Turnov railway track. It is 130m long. A principally similar type

ské terminologie novy pojem. Tim pojmem je ,tunelovy most™,
tedy konstrukce, v rdmci které se mimotroviiové kiizi trasy tim
zpusobem, Ze ta na niz$i vyskové drovni je vedena uvnitf hloube-
ného tunelu, naopak ta ve vyssi vyskové urovni je vedena na strop-
ni desce hloubeného tunelu. V rdmci Nového spojeni byl tunelovy
most realizovan na km 3,319 pod trati Praha — Turnov. Jeho délka
je 130 m. Principialné podobny typ konstrukce md v budoucnu

vzniknout v Plzni, jen s tim rozdilem, Ze zatimco na Novém spo- | o siructure is to be created in Plzeii in the future, with the only
Jeni (obr. 1) se kfiZily dvé ZelezniCni trasy jednoho spravce, do- | difference being that while two railway routes of one administrator
jde v Plzni ke kfiZeni Zelezni¢nich a silni¢nich tras dvou riznych | crossed at the New Junction (Fig. 1), railway and road routes of two
spravcl — Reditelstvi silnic a dalnic (RSD) a Spravy Zeleznic (SZ). different administrators — the Directorate of Roads and highways

(RSD) and Railway Administration (SZ) — will cross in Plzeii.

2. PROJECT PREPARATION

The new construction of the road route 1/20 is being prepared
by the RSD. It is an important backbone road that carries transit
transport through the center of Plzen and at the same time links
Karlovy Vary, Pisek and Ceské Budgjovice. This road is to run for
a substantial part of its length near the Plzeti — Ceské Budé&jovice
railway line and is to cross it at approximately at the chainage of
1.350km. The crossing should take place at a very sharp angle,
which does not allow the use of classic bridge structures.

While the two structures meet spatially, they diverge in time. The
railway administration is already carving out a set of structures
called Plzent Node (Fig. 2), in the case of the /20 road, the design
is being processed at the stage of the design for issuance of zoning
and planning decision, and the construction is expected only in
Fig. 1 New Connection the years 2029-2032. It was therefore decided that the so-called
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2. PRIPRAVA PROJEKTU

Novostavbu silni¢ni trasy 1/20 pfi-
pravuje RSD. Jednd se o diileZitou
patefni komunikaci pfevadejici tran-
zitni dopravu prfes centrum Plzné
a napojujici soucasné Karlovy Vary,
Pisek a Ceské Budgjovice. Tato ko-
munikace mé byt v podstatné Casti
své délky vedena v blizkosti Zelez-
ni¢ni traté Plzeii — Ceské Budgjovi-
ce s tim, Ze cca v km 1,350 ji ma
krizit. Ke kiiZeni ma dojit pod velmi
ostrym thlem, ktery nedovoluje po-
uzit klasické mostni konstrukce.

Zatimco prostorové se obé stav-
by potkavaji, casové se rozchéze-
ji. SZ jiz soubor staveb s ndzvem
Uzel Plzeni realizuje (obr. 2), u sil-
nice 1/20 probiha zpracovani do-
kumentace ve stupni DUR, s jejim
provedenim se pocita az v letech
2029-2032. Bylo proto rozhodnuto,
Ze v misté kfiZeni obou tras bude
v predstihu proveden tzv. zarodek budouciho silni¢niho tune-
lu tak, aby jeho konstrukce zbytecné€ nenavySovala objem praci
stavby drahy, ale zaroven takovym zplsobem, aby jej bylo moz-
né vyuzit pro stavbu silni¢niho tunelu, bez podstatného dopadu
stavebnich praci jak na konstrukci trati v nadlozi, tak na drazni
provoz.

i TR ;
Obr. 2 Letecky pohled na stavbu

Zakladni udaje o stavbé

Lae

Uzlu 5
Fig. 2 Aerial view of the Node 5 construction

stub of the future road tunnel will be constructed in advance at
the intersection of the two routes so that its construction does
not unnecessarily increase the volume of railway construction
work, but at the same time in such a way that it can be used for
the construction of the road tunnel without signifiant impact on
construction operations neither on the construction of the railway
track in the overburden nor on the railway operation.

Basic project data

Nazev stavby Uzel Plzen, 5. stavba — Lobzy —Koterov
Investor stavby Sprava zeleznic, s. 0. Prolect name Plze#i Node, 5" construction section — Lobzy -
Nézev objektu S0 93-38-61 Tunelovy objekt v km 346,510 : Koterov

Y Kfizeni se silnici 1/20, 1. Cast Project owner Spréava zeleznic, s. 0.
Investor objektu Reditelstvi silnic a dalnic CR 5 SO 93-38-61 tunnel object at km 346.510
Projektant objektu SUDOP PRAHA a.s. Objectname for intersection with road 1/20, part 1
Zhotovitel SdruZeni Metrostav a.s. Object owner Reditelstvi Silnic a Dalnic CR

a Chladek & Tintéra, a.s.

Zhotovitel konstrukci Zakladni staveb, a.s.

specialniho zakladani

Geotechnicky

monitoring GEOtest, a.s.
Geotechnicky dozor .

e lora SG Geotechnika a.s.

3. INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE
POMERY

Stavba zarodku tunelu probiha pfevazné v prostfedi fi¢ni tera-
sy. InZenyrskogeologicky profil je konformni (od povrchu terénu):
kvarterni pokryvy, hrubozrnna klastika terasy, prachovce a bridli-
ce skalniho podloZi.

Pro stavbu zasadni $térky terasy odpovidaji tfidé G3/G-F a jsou
typicky ulehlé. Obsahuji kameny a balvany aZ do velikosti presa-
hujici profil prizkumnych sond. Mocnost této vrstvy je proménna
v zavislosti na pribéhu geologického podloZi. Ve Stércich byly
ovéfeny nepribézné jemnozrnné vlozky klasifikované jako F4/CS,
piip. F6/CL, konzistence pevné.

Predkvartérni podloZi vystupuje nejblize povrchu v severni ¢asti
staveniSté — cca 5 az 6 m pod stavajicim terénem — v mistech nad
horni hranou zafezu Zelezni¢ni trati. Odpovida to hloubce pouhych

Object designer SUDOP Praha a.s.
Consortium of Metrostav a.s. and Chladek
Contractor & Tintéra, a.s.
Contractor for
specialist foundation | Zakladani staveb, a.s.
structures
Geotechnical moni-
toring GEOtest, a.s.
Project owner’s
geotechnical SG Geotechnika a.s.

supervision

3. ENGINEERING GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS

The construction of the tunnel stub takes place mainly in the
environment of a river terrace. The engineering geological profile
is conformal (from the ground surface): Quaternary covers, coarse-
grained clastics of the terrace, siltstone and shale of the bedrock.

Terrace gravels, which are essential for the construction,
correspond to class G3/G F and are typically compacted. They
contain rocks and boulders up to a size exceeding the profile of the
probe holes. The thickness of this layer is variable depending on
the course of the geological bedrock. Discontinuous fine-grained
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cca 1 az 1,5 m od urovné temene kolejnice (TK) v zarezu stavajici
Zelezni¢ni traté. Dale k jihu predkvartérni podloZi upada a méni se
i jeho charakter. V oblasti nad zafezem Zeleznicni trati bylo zasti-
Zeno v hloubce 7 aZ 8 m pod terénem, coz odpovida hloubce cca
5,5 a7 6,5 m pod trovni TK stavajici trati. V severni ¢4sti stavenisté
je podloZi tvoreno prachovcem, pfi povrchu tfidy RS, hloubéji R4,
resp. R4 az RS [5]. V jizni ¢asti staveniSté je predkvartérni podlozi
budovéno stfidanim prachovce bfidlici, u povrchu a hloubéji kva-
lity RS, resp. RS az R6. Predkvartérni podloZi v§ak nebylo viibec
zastizeno dvéma sondami pfedbéZného geotechnického prizkumu
ani do hloubky 12 a 14 m. Proto byly v ramci podrobného geo-
technického prizkumu v blizké poloze provedeny ovéfovaci vrty,
které pak zastihly pfedkvartérni podloZi v obvyklé hloubce. MiZe
to nasvédcovat existenci uzkych hlubokych strzi nebo ptehlou-
benych koryt feky. Tyto obavy se v§ak béhem vystavby zarodku
tunelu zatim nepotvrdily, nicméné nepfimym dikazem by mohla
byt pomérné vysoka propustnost i zvodnéni terasy a podlozi, za-
znamenand pii Cerpani vody ze stavebni jamy [1].

4. PARAMETRY A STAVEBNI RESENI BUDOUCIHO
SILNICNIHO TUNELU

Silnice 1720 bude pod trati vedena v tunelu, ktery bude realizo-
van castecné metodou Celniho odtéZovani pod ochranou stropni
desky a castecné hloubenim v pazené stavebni jamé. Ta bude za-
jisténa docasnou konstrukei tvofenou sténou z prevrtavanych pilot
kotvenych pramencovymi kotvami. Pidorysny rozsah jamy tak
muze pln€ vyuZzit velmi stisnény prostor jak pro zafizeni stavenis-
té, tak i pro vlastni provadéni konstrukci. Pazici sténa je navrZena
jako (docasné a pfimétfen¢) vodonepropustnd, vetknutd do skal-
niho podloZi a uzaviena po celém obvodu tak, aby i pfi realizaci
konstrukci z pracovnich ploSin pod urovni HPV (hladiny podzem-
ni vody) nepresahly pritoky podzemni vody mnoZstvi zvladatelna
provoznim ¢erpanim.

Hloubeny tunel bude mit obdélnikovy pficny profil, pfevazné
dvoukomorovy. Ve stani¢eni budouci silnice /20 se vSak tato za-
kladni geometrie tunelu méni, a to ndsledovné:

Tuel

interbeds classified as F4/CS or F6/CL, with hard consistency,
were verified in the gravels.

The pre-Quaternary bedrock emerges closest to the surface in
the northern part of the construction site — approx. 5 to 6m below
the existing terrain — in places above the upper edge of the railway
track cutting. This corresponds to a depth of only approx. 1 to 1.5m
from the level of the top of the rail in the existing railway track
cutting. Further south, the bedrock declines and its character also
changes. In the area above the railway track cutting, it was found at
a depth of 7 to 8m below the ground, which corresponds to a depth
of approx. 5.5 to 6.5m below the top of rail level of the existing
track. In the northern part of the construction site, the underlier
consists of siltstone, at the surface class RS, deeper R4 or R4 to
R5 [5]. In the southern part of the construction site, the bedrock is
built by siltstone alternating with shale, at the surface quality RS
and deeper quality R5 to R6. However, the pre-Quaternary bedrock
was not encountred at all by the two probes of the preliminary
geotechnical survey even to a depth of 12 and 14m. Therefore,
verification boreholes were carried out in a nearby location as part
of a detailed geotechnical survey. They encountered the bedrock
at the usual depth. It may indicate the existence of narrow deep
ravines or over-deepened riverbeds. However, these concerns have
not yet been confirmed during the construction of the tunnel stub,
however, indirect evidence could be the relatively high permeability
and aquifer saturation of the terrace and bedrock, recorded when
water was being pumped from the construction pit [1].

4. PARAMETERS AND CONSTRUCTION SOLUTION
TO THE FUTURE ROAD TUNNEL

The 1/20 road will run under the railway track in a tunnel,
which will be carried out partly by the top down system under the
protection of the roof deck and partly by excavation in a braced
construction pit. The pit will be secured by a temporary structure
consisting of a secant bored pile wall anchored with stranded
anchors. The ground plan extent of the pit can thus fully utilise the
very constricted space both for the equipment of the construction
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Obr. 3 Pricny ez hloubenym tunelem
Fig. 3 Cross-section through the cut-and-cover tunnel




Obr. 4 Fréza a drapdk pro realizaci podzemnich stén
Fig. 4 Hydrofraise mill and grab for construction of diaphragm walls

e km 0,360-0,380

Prufez bude vpravo doplnény kiidlem z podzemni stény. Kiidlo
umoZziiuje napojeni zarezu silnice 1/20 na nasep Zelezni¢ni trati.

* km 0,380-0,450

Prava tunelova trouba, jednokomorovy tunel. Na tuto troubu pak
v budoucnosti navaze zétez silnice 1/20.

* km 0,450-0,580

Zakladni profil dvoukomorového tunelu.

V tunelu je navrzena kategorie pozemni komunikace T-7,5 podle
CSN 73 7507, smérové rozdélena. Kazdy dopravni smér povede
v samostatném jizdnim pasu se dvéma jizdnimi pruhy, kazdy jizd-
ni pas bude vedeny v oddélené tunelové troubé. Nouzovy chodnik
je navrzeny vZdy po obou stranich jizdnich pasi. Navrhova rych-
lost v tunelu je 70 km/h.

Pfi¢ny fez zdrodku budouciho tunelu je patrny z obr. 3. Svétla
Sitka je 10,7 m, vyska prajezdniho prostoru je 4,8 m, s toleranci
+0,15 m. Celkova délka objektu je 220 m, z toho celkova délka
zastropeného tunelu ¢ini 200 m, s délkami levé tunelové trouby
130 m a pravé tunelové trouby 200 m.

Statické feSeni tunelu musi respektovat zatéZovaci stavy ménici
se v prubéhu vystavby a nasledné v obdobi uzivani. Jak je uvedené
jiz vyse, jde o jednokomorovy nebo dvoukomorovy rovinny ram,
ktery nelze pfi ¢elnim odtéZovani uzaviit vnitini zdkladovou des-
kou; to je moZné az v kone¢ném stadiu stavby.

Pro budouci tunel na silnici I/20 tak jiz byly v rdimci moderniza-
ce zelezni¢niho uzlu Plzen dokonceny nasledujici casti:

* svislé nosné stény tunelu;

* stropni deska tunelu vybetonovana na upraveném zemnim té-

lese;

* plosna vnéjsi hydroizolace stropni desky tunelu;

e zpevnény zelezni¢ni spodek trati z prostého betonu, nacha-
zejici se v prechodové oblasti, pfedchazelo tomu nezbytné
docasné zajisténi stavebni jamy (viz vyse) se soubéznym cer-
panim vody.

Svislé nosné stény tunelu jsou provedené jako monolitické

Zelezobetonové podzemni (obr. 4). Krajni v tlou§tce 1200 mm,
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site facility and for the construction
operations themselves. The shoring
wall is designed to be (temporarily
and reasonably) impermeable, keyed
into the bedrock and closed around
the entire perimeter so that, even
when carrying out structures from
working platforms below the water
table level, groundwater inflows do
not exceed the amount manageable
by operational pumping.

The cut-and-cover tunnel will have
a rectangular cross-section, mainly
with two chambers. However, at the
future 1/20 road chainage, this basic
tunnel geometry changes as follows:

* km 0.360-0.380

The cross-section will be sup-
plemented on the right side by a wing
of the diaphragm wall. The wing
makes the connection of the cutting
of the road 1/20 to the embankment
of the railway track possible.

e km 0.380-0.450

The right-hand tunnel tube, single-chamber tunnel. In the future,
the 1/20 road cutting will connect to this tube.

* km 0.450-0.580

Basic profile of a double-chamber tunnel.

The dual carriageway category T-7.5 according to CSN 73
7507, is designed in the tunnel. Each traffic direction will lead in a
separate carriageway with two lanes, each carriageway will be led
in a separate tunnel. The emergency walkway is always designed
on both sides of the carriageways. The design speed in the tunnel
is set at 70km/h.

A cross-section of the stub of the future tunnel can be seen in
Fig. 3. The clearance profile width of 10.7m and the clearance
profile height of 4.8m are designed, with a tolerance of +0.15m.
The object is 220m long in total, of which the total length of the
roofed tunnel is 200m, with the lengths of the left-hand tunnel
tube of 130m and the right-hand tunnel tube of 200m. The static
design of the tunnel must respect the load conditions that change
during construction and subsequently during the period of the use.
As mentioned above, it is a single-chamber or double-chamber
plain frame that cannot be closed by an internal base slab during

Obr. 5 Betond? stropni desky
Fig. 5 Concreting of a roof deck slab
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Obr. 6 Izolace stropni desky
Fig. 6 Roof deck waterproofing

sttedové 1500 mm. Jsou vetknuté 7,5 m pod droveni spodni hra-
ny vnitfni desky tunelu. Hloubka i tloustka stén byly navrZeny
s ohledem na postup odtéZovani pod ochranou stropni desky tune-
Iu a rovnéz na zatiZeni od definitivniho provozu silni¢niho tunelu,
taktéz se zapocCitanim vztlaku.

Stropni deska tunelu byla navrzena jako monolitickd Zelezo-
betonova (obr. 5), rimovée spojend se svislymi sténami. Na spod-
nim lici je deska pfi navdzani na stény zesilend v délce 1000 mm
nabeéhy vysokymi 500 mm. Na hornim lici je navrZena ve stfecho-
vitém slonu 2 % od osy pozemni komunikace. V podélném sméru
je rozdélend na dvanact dilatacnich celkti, odpovidajicich dvéma
nebo tfem lamelam podzemnich stén.

Pfi stavbe silni¢niho tunelu bude ramova konstrukce dokomple-
tovana spodni vnitini zakladovou deskou.

Nosné stény i stropni deska jsou
provedené z vodonepropustného be-
tonu. Stropni deska je navic z rubu
chranéna izolaci (obr. 6) proti tlako-
vé vodé. Tu predstavuje penetracné
adhezni nétér, pasova izolace z mo-
difikovaného asfaltu, ochranna vrst-
va netkané geotextilie a separacni
PE folie tloustky 0,3 mm. V rozich
je hydroizolace pretazena pres pra-
covni spdru stropni desky a svislych
nosnych stén [2].

5. POSTUP REALIZACE
STAVBY

Stavebni prace byly zahijeny
v listopadu 2020. V prvni fazi rea-
lizace byly provadény bez omezeni
provozu na stavajici dvoukolejné
trati. Probihaly pfipravné prace, bylo
zfizovéno zafizeni staveniSté a bu-
dovény konstrukce vzdalené od ko-

the top down construction system
W o operations; this is only possible in
g the final stage of construction.

For the future tunnel on the 1/20
road, the following parts
already been completed as part of
the upgrading of the Plzen railway
junction:

* vertical load bearing walls of the

tunnel;

* tunnel roof deck concreted on a
treated track formation;

e external sheet waterproofing of
the tunnel roof deck;

e stabilised track bed made of
plain concrete, located in the
transition area, this was preceded
by the necessary temporary
shoring of the construction pit
(see above) with simultaneous
pumping of water.

The vertical load-bearing walls
of the tunnel are made as a monolithic
reinforced concrete diaphragm walls
(Fig. 4). The outer ones 1200mm thick, the central one 1500mm
thick. They are keyed 7.5m below the level of the lower edge of
the inner slab of the tunnel. The depth and thickness of the walls
were designed taking into account the excavation procedure under
the protection of the tunnel roof deck and also the load exerted by
the final operation of the road tunnel, also taking into account the
buoyancy. The roof deck of the tunnel was designed as monolithic
reinforced concrete structure (Fig. 5), frame-connected with the
vertical walls. On the lower surface, the slab is reinforced at a
length of 1000mm with 500mm high haunches when connecting
the walls. On the upper surface, a saddle roof-like slope of 2% from
the road axis is designed. In the longitudinal direction, it is divided
into twelve expansion units, corresponding to two or three lamellae
of the diaphragm walls. The lower inner base slab will be added

have

lejisté. Posléze byla vyloucena kolej

Obr. 7 Zarizeni stavenisté pro vyrobu lamel
Fig. 7 Construction site facility for production of lamellas
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Obr. 8 Stavebni jama
Fig. 8 Construction pit

¢. 2 (obr. 7), rychlost provozu na koleji ¢. 1 byla omezena, byly
preloZeny kolizni draZni sité a na trakénim vedeni bylo s ohledem
na bezpec¢nost prace pod vysokym napétim zfizeno v rozsahu sta-
venisté neutrdlni pole. Soucasti této faze byla realizace konstrukci
na sever (vpravo) od stavajici koleje ¢. 1. Nejprve byla provedena
tésna paZena stavebni jama (obr. 8). Slo o pravou stranu stave-
nisté, prostory mezi stdvajicimi kolejemi a rovnéZ na severnim
i jiznim okraji uzemi. Ve stavebni jamé byly postupné provede-
ny vodici zidky a klasickym postupem zfizeny podzemni stény
(obr. 9).

Svislé spary mezi lamelami podzemnich stén byly provedeny ve
stop-end profilu, s t€snicimi pasy ve sparach a trubi¢kou tésnici
injektaZe. Sparové pasy musely byt vytaZzeny do takové vySky nad
horni hranu podzemnich stén, aby je bylo mozné navazat v dila-
taCnich sparach na pasy stropni desky, pfipadné je zabetonovat do
stropni desky u spar mezilehlych.

Podzemni stény bylo tfeba prebetonovat alesponn o 500 mm
s tim, Ze nasledné byly ubourdny na droven pracovni spary strop-
ni desky tunelu. Pro snazs$i odseparovani vyztuze od betonu byly
pouZity plastové navleky.

Hloubeni podzemnich stén bylo v zeminach provadéno lano-
vym drapdkem a v podlozi hydrofrézou. V nékterych mistech
bylo nutné prekonat pazici pilotové stény. Ty byly proto vyztuZe-
né pouze sklolaminatovou vyztuzi (GFRP). Toto feSeni se velmi
osvédcilo, bylo vSak tfeba upravit zavddéni hydrofrézy do pilotové
stény.

Jistou prekazkou pro stavebni price bylo geologické prostie-
di. Pfi hloubeni jedné z prvnich lamel doslo pfi Cisténi jejiho dna
k uvolnéni cca 65 m® horniny ze stény ryhy. Jednalo se o rozpa-
davé, silné podrcené biidlice v hloubce pod trovni pracovni plo-
Siny cca 4 az 10 m. Lamela byla bezodkladné vycisténa, sanova-
na zalitim betonem nizké pevnosti a pretéZena s dokoncenim po
sanaci. Objem a poloha kaverny byly odvozeny z konsumpcnich
kiivek sana¢ni smési. K obdobné poruse doslo jesté jedenkrat, na-
vic s uviznutim frézovaci hlavy. PotiZe zpisobilo, s nejvyssi prav-
dépodobnosti, poruSeni podloznich bfidlic v hloubce 4 aZ 10 m
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to the frame structure during the
construction of the road tunnel. The
load-bearing walls and the roof deck
are made of waterproof concrete.
The roof deck is, in addition,
protected from the reverse-side
by waterproofing (Fig. 6) against
pressurised water. This consists
of a penetration-adhesive coating,
modified asphalt waterproofing
mats, a protective layer of non-
woven geotextile and a 3mm thick
separation PE membrane. In the
corners, the waterproofing overlaps
the working joint between the roof
deck and vertical load-bearing walls

(2].

5. CONSTRUCTION PROCESS
HISTORY

Construction works started in
November 2020. In the first phase
of the works, they were carried
out without traffic restrictions on

Obr. 9 Budovdni objizdné trasy
Fig. 9 Construction of by-pass route

the existing double-track line. Preparatory work was underway,
construction site facility was set up and structures far from the
railway yard were built. Later, track No. 2 was excluded (Fig. 7),
the speed of traffic on track No. 1 was limited, the colliding track
networks were relocated and, with regard to the safety of work
under high voltage, a neutral field was established on the catenary
line within the scope of the construction site. Part of this phase
was the work on the structures to the north (right) of the existing
track No. 1. First, a tight, braced construction pit was carried
out (Fig. 8). It concerned the right side of the construction site,
the spaces between the existing tracks and also on the northern
and southern edges of the territory. Guide-walls were gradually
constructed in the construction pit and diaphragm walls were
carried out using the classic procedure (Fig. 9). The vertical
joints between the lamellae of the diaphragm walls were made
in a stop-end profile, with waterbars in the joints and a sealing
grouting tube. The waterbars had to be pulled to such a height
above the upper edge of the diaphragm walls that it was possible
to connect them in the expansion joints to the waterbars in the roof
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Obr. 10 Armovdni 1. dilatace a podklad pro 2. dilataci

Fig. 10 Placement of reinforcement of expansion joint 1 and base for expansion joint 2

s porusenim stavu jejich napjatosti pii hloubeni. ReSenim potizi
bylo zkraceni zdbérné délky lamel na minimum. To v8ak soucasné
vedlo k nepfijatelnému zpomaleni postupu vystavby a k navyseni
poctu svislych spar zvySujicich tak riziko pronikani vody. Pracov-
nici firmy Zakladani staveb proto navrhli pouziti predstihového
zpevnéni bridlic klasickou injektazi cementovou suspenzi. Toto
feSeni bylo uc¢inné a realizovatelné bez vyrazného dopadu do har-
monogramu realizace stavby. Technicky $lo o sanacni injektaze
horninového prostiedi vysokotlakou injektazi vrtt, hlubokych
13 m, ve dvou fadach po obou stranich budoucich podzemnich
stén, Sachovité v zdkladnim rozponu 1x1 m. Po zavedeni (obou
typi) opatfeni k dal$im incidentim tohoto druhu na stavbé jiz
nedoslo.

Obr. 11 Betond? dilatacniho dilu 1
Fig. 11 Concreting of expansion block 1

deck, or to cast them into the roof
deck at the intermediate joints. The
diaphragm walls had to be concreted
at least 500mm higher, taking into
consideration the fact that the height
had to be subsequently reduced
to the level of the day joint of the
tunnel roof deck. To make it easier
to separate the reinforcement
from the concrete, plastic sleeves
were used. Excavation of the
diaphragm walls was carried out
in the soil with a rope grab and in
the bedrock with a hydrofreise mill.
In some places, it was necessary to
overcome the bracing pile walls.
They were therefore only reinforced
with  fibreglass  reinforcement
(GFRP). This solution proved to
be very successful, however, it was
necessary to adjust the insertion of
the hydrofreise mill into the pile wall.
The geological environment was
a certain obstacle for construction
work. During excavation for one
of the first lamellas, when cleaning its bottom, approx. 65m? of
ground released from the trench wall. It was a disintegrating,
heavily fractured shale, approximately 4 to 10m below the level
of the working platform. The lamella was immediately cleaned,
stabilised with low-strength concrete to be re-excavated during
post-stabilisation finishing work. The volume and position of the
cavern were derived from the consumption curves of the stabilisation
mixture. A similar failure occurred once more, in addition with the
hydrofreise milling head getting stuck. The problem was caused,
most likely, by the failure of the underlying shale at a depth of
4 to 10m with upsetting their state of stress during excavation.
The solution to the problem lay in shortening the pulling length
of the lamellas to a minimum. However, this simultaneously led
to an unacceptable slowdown in
the construction process and to an
increase in the number of vertical
joints, thus increasing the risk
of water penetration. Therefore,
the employees of the Zakladani
Staveb company proposed the
use of advance consolidation of
shales by classic grouting with
cement suspension. This solution
was effective and feasible without
significantimpacton the construction
schedule. Technically, it involved
consolidation grouting into the
rock environment by high-pressure
injection of grout into boreholes (13
m deep, in two rows on both sides
of the future diaphragm walls, in
a staggered pattern in a basic span
of 1x1m). After the introduction
of (both types of) measures, no
further incidents of this kind
occurred on the construction site.
Even below the water table level,




Pazici konstrukce ani pod urovni HPV pohledové nevykazovala
znamkKy prusaki, presto bylo nutné kontinualné Cerpat vodu vy-
tékajici ze dna stavebni jamy, tedy z podloZi. Vycerpanou vodu,
zjevné Cistou, v§ak nebylo mozné, s ohledem na provozni predpisy
provozovatele stokové sit€, vypoustét do prilehlé méstské kanali-
zace. Tato obtiz byla piekonana tak, Ze se voda odvadi (za prabéz-
nych kontrolnich rozborti podle podminek stanovenych Povodim
Vltavy) do pfilehlé feky Uslavy potrubim starého nevyuZzivaného
vytlacného tadu, jehoZ Sachty se nachéazeji v prostoru stavenisté.
Stav a dostatecna té€snost fadu byly pred pouzitim zkontrolovany
kamerovymi a tlakovymi zkouSkami.

Nasledoval zpétny zasyp této ¢asti zarodku tunelu a pres dokon-
Ceny usek zastropeni byla poloZend docasnd objizdka Zeleznice,
véetn€ trakce a ostatniho prisluSenstvi, napojend na koncich do
nového stavu koleje €. 2. Také u trakéniho vedeni objizdné trasy
bylo z hlediska bezpecnosti pred ucinky vysokého napéti zfizeno
na dobu vystavby zarodku tunelu neutralni pole.

Po prevedeni Zelezni¢ni dopravy na objizdnou trasu mohla
byt vyloucena stavajici kolej ¢. 1 a zahijena druhd faze vystav-
by zarodku tunelu zahrnujici realizaci zbyvajicich konstrukcei na
jih (vlevo) od plvodni trati. Nejprve byla dokoncena uzaviena
stavebni jama a probéhlo hloubeni na pracovni droveil zpevné-
ného dna. Poté byly odstranény déle nepotiebné a kolizni tseky
sttedové linie paZeni (lisek mezi plivodnimi kolejemi). Z pracovni
drovné dna jamy byly, obdobné jak je rozvedeno vySe pro prv-
ni fazi stavby, provedeny vodici zidky, podzemni stény a tseky
stropni desky (obr. 10, 11) v rozsahu druhé faze vystavby zarodku
tunelu.

6. ZAVER

V dobé tvorby ¢lanku jsou betonovany jednotlivé stropni des-
ky zéavérecné etapy realizace zarodku budouciho silni¢niho tunelu.
Termin dokonceni je jaro roku 2023. Budou tak v ¢asovém predsti-
hu uskutecnény zéakladni kroky pro realizaci budouciho tunelu na
preloZce silnice 1/20.

V kontextu soucasnych podminek pfipravy a realizace vyznam-
nych, a to nejen dopravnich a inZenyrskych staveb v CR se jedna
o pfipad ne zcela obvyklého, ale o to spravnéjsiho pfistupu dvou
velkych statnich investori pti koordinaci navrhu a realizace navza-
jem se ovliviiujicich tras a objekti. A v neposledni fadé je vlastni
realizace prezentovaného objektu dobrym prikladem kvalitni pii-
pravy projektu a ndsledné dobré spoluprace dodavatele, projektanta
a investora pfi vystavbe.
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the bracing structure did not visually show signs of seepage, yet
it was necessary to continuously pump water flowing from the
bottom of the construction pit, i.e. from the subbase. However,
it was not possible to discharge the drained water, which was
apparently clean, into the adjacent municipal sewer system due
to the operating regulations of the sewage network operator.
This difficulty was overcome by diverting the water (subject to
ongoing control analyses in accordance with the conditions set by
the Vltava River Basin Administration) into the adjacent Uslava
River through the forcemain of an old, unused discharge line, the
shafts of which are located in the area of the construction site. The
condition and sufficient tightness of the pipeline were checked by
a camera and pressure tests before use. This was followed by the
backfilling of this part of the tunnel stub, and a temporary railway
bypass, including the catenary and other accessories, was laid
over the completed section of the roof deck, which was connected
at the ends to the new state of track No. 2. Also, a neutral field
was established for the catenary line of the bypass route, from the
point of view of safety against the effects of high voltage, for the
duration of the construction of the tunnel stub. After the diversion
of railway traffic to the bypass route, the existing track No. 1
could be excluded and the second phase of the construction of the
tunnel stub could be started, including the work on the remaining
structures to the south (left) of the original line. First, a closed
construction pit was completed and excavation was carried out to
the working level of the consolidated bottom. After that, further
unnecessary and conflicting sections of the central line of the
bracing (the section between the original tracks) were removed.
From the working level of the bottom of the pit, similar to what
is detailed above for the first phase of construction, guide walls,
diaphragm walls and sections of the roof deck (Fig. 10, 11) were
made in the scope of the second phase of the construction of the
tunnel stub.

6. CONCLUSION

At the time of the creation of this paper, the individual roof
deck slabs of the final stage of the future road tunnel stub are
being concreted. The completion date is spring 2023. In this way,
the basic steps for the work on the future tunnel on the 1/20 road
interchange will be carried out in advance. In the context of the
current conditions for the preparation and execution of significant,
and not only transport-related and engineering projects in the Czech
Republic, this is a case of not quite usual, but the more correct
approach of two large state owners of projects in coordinating the
design and constructing of mutually influencing routes and objects.
And last but not least, the actual construction of the presented object
is a good example of quality project preparation and subsequently
good cooperation between the contractor, designer and client
during construction.

Ing. LUDEK RAJS, ludek.rajs@metrostav.cz,

Ing. TOMAS KOHOUT, tomas.kohout@metrostav.cz,
Ing. PETR SVOBODA, petr.svoboda@metrostav.cz,
Metrostav a.s.

[1] UHRIN, M. Priprava a realizace zarodku silni¢niho tunelu v Plzni. Beton, 03/2022 (str. 83—89).
[2] UHRIN, M. Uzel Plzen, 5. stavba — Lobzy — Koterov. Technicka zprava ve stupni DSP, vydal Sudop Praha (77 stran), Praha,

06/2019



32. rocnik - €. 1/2023 TuoHel

ZAJISTENI USEKU E4 POD JEZEREM MALAREN VE STOCKHOLMU
STABILISATION OF THE E4 SECTION UNDER THE LAKE MALAREN
IN STOCKHOLM

JAN FALTYNEK

ABSTRAKT

FSE209 Bergtunnlar Skirholmen je ndzev projektu, jenZ realizuje od roku 2017 jako generdlni zhotovitel spolecnost SBT Sverige AB
(dcerind spolecnost spolecnosti Subterra a.s.). Je jednim z osmi tisekit E4 Forbifart Stockholm — silni¢niho obchvatu $védské metropole.
Soucdsti FSE209 je i priblizné 240 m dlouhy isek primo pod jezerem Miilaren, ktery predstavoval jednu z nejproblematictéjsich a nej-
rizikovéjSich cdsti vystavby celého obchvatu Stockholmu. Razba v tomto tiseku byla velice komplikovand a ndrocnd. Velkou vyzvou bylo
prekonat velmi nekvalitni zvodnélé horninové prostredi a vyporddat se s nizkou vyskou nadloZi pode dnem jezera. Jako sekunddrni zajistént
vyrubu bylo primo zadavatelem navrZeno masivni, silné vyztuZené monolitické Zelezobetonové osténi s rozpétim klenby 15 m, jehoZ tloustka
dosahuje v nékterych mistech az iictyhodnych 4 m. To prineslo v priibéhu realizace vadu komplikact, se kterymi se bylo treba vyporddat.
O zdkladnich aspektech ndvrhu a realizace této specifické Zelezobetonové konstrukce a dalsich zajimavostech z vystavby tunelového osténi
pojedndvd predloZeny cldnek. Ten tematicky navazuje na predchozi clanky o projektu FSE209, které jsou uvedeny v [1], [2] a pFedevsim
v [3], kde je detailné popisovdna razba pod jezerem Miilaren.

ABSTRACT

FSE209 Bergtunnlar Skirholmen is the name of the project that has been implemented since 2017 by SBT Sverige AB (subsidiary of
Subterra a.s.) as the general contractor. It is one of the eight sections of the E4 Forbifart Stockholm — the road bypass of the Swedish
capital. FSE209 also including an approximately 240m long section directly under Lake Mdlaren, which represented one of the most
problematic and risky parts of the construction of the entire Stockholm bypass. Tunnel excavation in this section was very complicated
and demanding. The big challenge was to overcome the very poor quality water-bearing ground environment and to deal with the low
height of the overburden below the lake bed. A massive, heavily reinforced monolithic concrete lining with a vault span of 15m, whose
thickness reaches respectable 4m in some places, was proposed directly by the client as a secondary support of the excavation. This
brought a number of complications that had to be dealt with during the construction. The presented article discusses the basic aspects of
the design and construction of this specific reinforced concrete structure and other interesting aspects of the construction of the tunnel
lining. Thematically, it is a follow-up to the previous papers on the FSE209 project, which are presented in [1], [2] and especially in [3],
where the excavation under Lake Miilaren is described in detail.

OBCHVAT STOCKHOLMU

Ambicidzni projekt svétového méritka E4 Forbifart Stockholm
tvofi zapadni propojeni severni a jizni Casti $védské metropole
(obr. 1). Ta je pfirozené rozd€lena jezerem Milaren a Baltskym
mofem na ¢ast pevninskou a izolované ostrovy. Diivodem vystavby
obchvatu je predev§im prevedeni tranzitni dopravy z centra mésta
do jeho periférii a sniZeni zranitelnosti velice kiehkého a pretiZe-
ného dopravniho systému Stockholmu, ktery je zavisly piedevsim
na prichodnosti mostnich objekti spojujicich severni a jizni ¢ast

STOCKHOLM BYPASS

The ambitious world-scale project E4 Forbifart Stockholm
forms the western connection between the northern and southern
parts of the Swedish metropolis (Fig. 1). It is naturally divided by
Lake Mailaren and the Baltic Sea into a mainland part and isolated
islands. The reason for the construction of the bypass is primarily
to transfer transit traffic from the city centre to its outskirts and to
reduce the vulnerability of Stockholm‘s very fragile and congested
transport system, which is primarily dependent on the passability

soucasna E18
actual E18

metrll

nad mofem
metres above
the sea level

mlersection_HAGGV'K intersection
- wu intersection HJULSTA I
i v -

soucasna E4
actual E4

nad mofem
metres above
the sea level

Shyoy

©Tomas Ohaling 2011

Obr. 1 Schematicky rez stavby E4 Forbifart Stockholm
Fig. 1 Schematic cross-section through the E4 Forbifart Stockholm project

zdroj Trafikverket, 2022 source Trafikverket, 2022




metropole a fadu malych ostrovi. Nové spojeni usnadni kazZdodenni
Zivot obyvatelim mésta a vytvoii dalsi prilezitosti pro budouci roz-
voj silni¢ni sité. Pro minimalizaci negativniho vlivu stavby na okolni
prostiedi je z celkové délky 21 km celych 18 km vedeno v podzemi.
Cely obchvat je rozdélen na osm ¢asti, jez zadavatel soutéZil samo-
statng. Usek FSE209 Bergtunnlar Skirholmen nachazejici se v jizni
¢asti Stockholmu realizuje od roku 2017 jako generdlni zhotovitel
spolecnost SBT Sverige AB. Zadavatelem je statni organizace Tra-
fikverket (§védsk4 obdoba ¢eského RSD CR nebo slovenské NDS).
Predpokladanym terminem dokonceni celého obchvatu je rok 2035.
Po zprovoznéni vSech ¢asti se E4 Forbifart Stockholm stane jednim
z nejdelSich méstskych silni¢nich tunelovych komplext na svété
s intenzitou dopravy pfiblizné 140 tisic automobili denné [4]. Pro
srovnani denni intenzita nejvytizenéjsi ¢eské dalnice D1 u Prahy je
priblizné 103 tisic automobilt [6].

RAZBY V USEKU POD JEZEREM MALAREN A PRIMARNI
ZAJISTENI VYRUBU

Soucasti useku FSE209 Bergtunnlar Skérholmen s délkou obou
tuneltl hlavni trasy cca 4 km, Ctvefici nijezdovych a vyjezdovych
rampovych tuneltl délky 4 km a 1,5 km tnikovych cest je i pfiblizné
240 m dlouhy tsek pod jezerem Milaren (na obr. 1 Cervené vyzna-
ceny), ktery predstavoval nejproblematictéjsi a nejrizikovejsi Cast
z pohledu vystavby celého obchvatu Stockholmu. Divodem byla
predevsim nizka vyska nadloZi tunelu pode dnem jezera, dosahujici
jen 25 m, a velmi nepfiznivé geologické podminky, ve kterych se
dany tusek nachazi. Ve zvétralych a rozpukanych ruldch byla totiz
zastizena masivni zvodné€ld poruchova zéna tvorena predevsim roz-
rusenym grafitem a kataklazitem.

Pred samotnou razbou tunelG hlavni trasy probihala fada pra-
zkumnych sond jak do dna jezera, tak z predstihovych vrtl vrtanych
z Celby. Na zdkladé vysledka prizkumu bylo rozhodnuto o razbé
dvou boc¢nich obchozich tunelti mensiho profilu, které umoznily pro-
blémovy tsek pod jezerem v predstihu obejit, dikladnéji zmapovat,
provést pruzkumné prace v oblasti poruchovych zén a soucasné po-
kracovat v néslednych razbach dal ke konci useku tak, aby nedoslo
k vyznamnému zpozdéni celého projektu. Na zéklad€ detailnich vy-
sledku ziskanych z dopliiujiciho prazkumu bylo pfistoupeno ke zmé-
né projektové dokumentace zajisténi vyrubu hlavnich tunelti oproti
pivodnimu planu. Horninovy masiv byl v prostoru hlavni trasy za-
bezpecen predstihovymi té€snicimi injektaZemi pfedpoli a kalota mi-
kropilotovym deStnikem. V nejhorSich tdsecich byl vyrub ¢lenén jak
vertikalné, tak horizontdlné, Celba pfitiZena a zajiSténa samozavrtny-
mi kotvami. Primérni osténi tvofi 200 mm silna vrstva vyztuZeného
stifkaného dratkobetonu, jeZ je navic prikotvena radidlnimi kotvami.
Vice podrobnosti 1ze najit v [3], kde je detailné popsana jak razba
pod jezerem Milaren, tak celkova zména zptisobu vyztuzeni vyrubu.

SE_!(UND[\RNi ZAJISTENI VYRUBU POD JEZEREM
MALAREN

V souvislosti se zménou zplsobu raZeb a primarniho zaji$téni hor-
ninového masivu doslo i ke zméné sekundérniho zajisténi vyrubu.
Zadavatel se rozhodl pro niavrh monolitického tunelového osténi,
které je v severskych zemich méné obvyklé. Realizace monolitic-
kého osténi se zpravidla uplatiiuje pouze v priportdlovych dsecich,
kde dochazi k prechodu mezi razenym a hloubenym usekem tune-
Iu. Ve Skandinévii je bézné, pokud vzhledem ke kvalité hornino-
vého masivu zistane vyrub po provedeni primarniho zajisténi dal
jiZ nezabezpeceny, provadét systém sekundarniho osténi jako kom-
binaci prefabrikovanych sténovych paneli zavésenych na horni-

novych svornicich a stropu ze stfikaného betonu. Ten je aplikovan
na membranu, kterd je rovnéz zavéSena na horninovych svornicich
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of bridge structures connecting the northern and southern parts of
the metropolis and a number of small islands. The new connection
will make everyday life easier for the city‘s residents and create
additional opportunities for the future development of the road
network. The entire bypass is divided into eight parts, which the
contracting authority tendered separately. The FSE209 Bergtunnlar
Skérholmen section located in the southern part of Stockholm has
been implemented by SBT Sverige AB as the general contractor since
2017. The contracting authority is the state organisation Trafikverket
(Swedish equivalent of the Czech RSD CR or Slovak NDS). The
anticipated completion date for the entire bypass is 2035. When all
parts are operational, the E4 Forbifart Stockholm will become one of
the longest urban road tunnel complexes in the world with a traffic
volume of approximately 140 thousand vehicles per day [4]. For
comparison, the daily traffic volume on the busiest Czech highway
D1 near Prague is approximately 103 thousand cars [6].

TUNNEL EXCAVATION IN THE SECTION UNDER LAKE
MALAREN AND PRIMARY EXCAVATION SUPPORT

The part of the FSE209 Bergtunnlar Skédrholmen section, with
the length of both tunnels of the main route of approx. 4km, four
entrance and exit ramp tunnels with the length of 4km and 1.5km
of escape routes, is also an approximately 240m long section under
Lake Milaren (marked in red in Fig. 1), which represented the most
problematic and risky part from the point of view of the construction
of the entire bypass of Stockholm. The reason was primarily the low
height of the overburden of the tunnel under the lake bed, reaching
only 25m, and the very unfavourable geological conditions in which
the given section is located. In the weathered and fractured gneiss,
a massive water-bearing fault zone was found, consisting mainly of
deteriorated graphite and cataclasite. Before driving tunnels of the
main route itself, a number of exploration probe holes were carried
out both into the bottom of the lake and from wells drilled ahead
of the face. Based on the results of the survey, it was decided to
excavate two lateral bypass tunnels of a smaller profile, which made it
possible to bypass the problematic section under the lake in advance,
to map it more thoroughly, to carry out survey work in the area of
fault zones, and at the same time to continue subsequent excavations
further towards the end of the section so that there was no significant
delay of the entire project. Based on the detailed results obtained
from the supplementary survey, the design documents of the support
of the main tunnels were changed compared to the original plan. The
rock massif was stabilised in the area of the main route with advance
injections of grout into the advance core and the top heading with a
canopy tube pre-support. In the worst sections, the excavation was
divided both vertically and horizontally, the face was surcharged
and secured with self-drilling anchors. The primary lining consists
of a 200mm thick layer of sprayed reinforced concrete, which
is additionally tied back with radial anchors. More details can be
found in [3], where both the excavation under Lake Milaren and the
overall change in the method of the excavation support are described
in detail.

SECONDARY EXCAVATION SUPPORT UNDER MALAREN
LAKE

In connection with the change in the method of excavation and the
primary support of the rock massif, there was also a change in the
secondary support of the excavation. The client decided to use the
design of a monolithic tunnel lining, which is less common in the
Nordic countries. The construction of a monolithic lining is usually
applied only in the near-portal sections, where there is a transition
between the mined and cut-and-cover section of the tunnel. In
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Scandinavia, if, due to the quality
of the rock massif, the excavation
remains unsecured after the primary
protection has been carried out, it is
common to implement a secondary
lining system as a combination of
prefabricated wall panels suspended
on rock bolts and a shotcrete roof.
Shotcrete is applied to the membrane,
which is also suspended from rock
bolts installed through the shotcrete
layer of the primary lining of the top
heading. This secondary lining system
was used along the entire length of
the Skédrholmen tunnel, except for the
section under Lake Mélaren, where a
unique heavily reinforced monolithic
lining was designed, which is one
of the most complex elements of

the entire FSE209 project. For this
reason, both the design and the actual

zdroj AF Infrastruktur, 2021 source AF Infrastruktur, 2021
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Obr. 2 Pricny rez sekunddrnim tunelovym osténim
Fig. 2 Cross-section through secondary tunnel lining

instalovanych pfes vrstvu stiikaného betonu priméarniho osténi kalo-
ty. Tento systém sekundarniho osténi byl pouZit po celé délce tunelu
Skérholmen, vyjma tseku pod jezerem Milaren, kde bylo navrZeno
unikétni silné vyztuzené monolitické osténi, jeZ patii k nejslozitéj-
§im prvkim celého projektu FSE209. Z tohoto divodu byl jak navrh,
tak samotna realizace pod peclivym drobnohledem zadavatele i au-
torského dozoru.

V kazdé tunelové troubé (HT201, HT202) bylo vybetonovano
celkem pét sekci s proménnou délkou bloku betondZe (maximalné
10 m) a rozpétim klenby 15 m. Celkové délka kritického tseku s ne-
pfiznivym horninovym prostfedim pod jezerem, kde bylo navrZeno
monolitické sekundarni osténi, je 40 m v obou tunelovych troubach.
Kazda sekce je v pri¢ném fezu rozd€lena pracovni sparou s prubéz-
nou vyztuzi na zékladové pasy, dvé stény a horni klenbu (obr. 2).
Kvuli pouZiti mikropilotového deStniku k zajisténi stability vyrubu
pfi razbach a nutnému zhotoveni nik

construction were under the careful
scrutiny of the client and the author‘s
supervision.

In each tunnel tube (HT201,
HT202), a total of five sections were concreted with a variable length
of the concrete casting block (maximum 10m) and the crown span of
15m. The total length of the critical section with unfavourable rock
environment under the lake, where the monolithic secondary lining
was designed, is 40m in both tunnel tubes. Each section is divided
in cross-section by a working joint with continuous reinforcement
into foundation strips, two walls and an upper vault (Fig. 2). Due
to the use of a canopy tube pre-support to ensure the stability of the
excavation during work and the necessary construction of niches for
its drilling, the thickness of the lining in the longitudinal direction
within one concrete casting block is variable, and the theoretical
thickness of the lining reaches 0.8m to 1.8m. One concrete casting
block thus has a ,,funnel shape®. In some places, however, the real
thickness due to high geological overbreaks above the canopy tube

umbrellas is greater and exceeds the limit of 3.5m (Fig. 3). During

pro jeho vrtani je tloustka osténi v po-
délném sméru v ramci jednoho bloku
betondZe variabilni a osténi dosahuje
teoretické tloustky 0,8 m az 1,8 m. Je-
den blok betondZe ma tak ,,trychtyto-
vity tvar®. V nékterych mistech je ale
realna tloustka kvili vysokym geolo-
gickym nadvylomim pod mikropi-
lotovymi destniky vétsi a prekracuje
hranici 3,5 m (obr. 3). To kladlo pfi
realizaci obrovské niroky nejen na
unosnost bednici formy klenby osté-
ni, ale rovnéZ na dopravu a ukladku
Cerstvého betonu a na nésledné chla-
zeni betonové smési pri jeji hydrataci.

Mezi primarni osténi ze stiikané- 1
ho betonu a monolitické sekundéarni !
osténi byla uklddana separacni vrstva

jednotliva vzdalenost CM2
CM2 distance

jednotliva vzdalenost CM2
CM2 distance

1,0
1.0

skute¢nd tloustka tunelového osténi HT201 [m]
actual thickness of tunnel lining of HT201 [m]

z nopové matrace potazené geotexti-
lii. Za ni byly umistény navic drenazni

Obr. 3 Vyhodnoceni skutecné tloustky sekunddrniho tunelového osténi HT201
Fig. 3 Assessment of actual thickness of secondary tunnel lining of HT201




trubice svadéjici vodu z plaste osténi do hlavni tunelové drendze. Na-
vrhova Zivotnost tunelového osténi jakoZto i ostatnich prvkl a ¢as-
ti tunelu je projektovou dokumentaci stanovena na 120 let. VSechny
prvky trvale instalované v tunelu musi mit tuto trvanlivost garan-
tovanou. Tento smluvni pozadavek zadavatel disledné kontroloval
a vyzadoval.

RECEPTURA CERSTVE BETONOVE SMESI

Prvni vyzvou, se kterou bylo nutno se pred vlastni realizaci osténi
vyporadat, byl nivrh Cerstvé betonové smési, kterd by byla vhod-
néd k betondZi osténi téchto dimenzi v danych podminkach. Kvili
nerovnomérnému tvaru a velkym tloustkdm osténi a pozadavku na
co nejdokonalejSi vyplnéni nadvylomti nebylo technicky mozné
pouZzit klasické hutnéné betonové smési pro betondz klenby osté-
ni. Pfilozné vibratory umisténé na plasti formy bednéni nemohou
v tomto pripad€ zajistit dokonalé zhutnéni betonu. Proto bylo nutné
pfistoupit k navrhu samozhutnitelného betonu. Podle projektové do-
kumentace byla navic pfedepsdna pomérné vysokd pevnostni tiida
C35/45, odolnost betonu viici ptisobeni mrazu s CHRL (stuperi vlivu
prostiedi XF4) a dalsi technické specifikace. Povoleno bylo pouZiti
pouze Cistych portlandskych cementd CEM 1. DalSim poZadavkem
se stala protipozarni odolnost osténi s kritérii EI 60 a R 180. Ta vedla
na zakladé pozarnich zkousek betonu k nutnosti doplnit recepturu
o polypropylénova mikrovlakna v davkovani 1 kg/m?®. Kvuli ¢astym
dopravnim komplikacim pfi transportu Cerstvého betonu pres hlavni
mésto byl pridavan navic zpomalova¢ tuhnuti.

Ve spolupraci s dodavatelem betonu a po provedeni velké rady tes-
ti a zkousek k zjisténi deklarovanych vlastnosti jak Cerstvé betonové
smési, tak ztvrdlého betonu byla nakonec nalezena a nasledné zada-
vatelem schvalena vhodna receptura betonu. Vysledkem byl samoz-
hutnitelny, provzdu$nény, vysokohodnotny vldknobeton.

BEDNENI SEKUNDARNIHO TUNELOVEHO OSTENI

Pozadavkem zadavatele, souvisejicim s realizaci Zelezobetono-
vych konstrukci v ramci projektu FSE209, byl zakaz pouziti klasic-
kého radlovani nebo jinych prvki, které nabizeji tradicni dodavatelé
v ramci svych typizovanych fad systémového bednéni. Jedinou moz-
nou alternativou, jak bednéni sepnout a zachytit vodorovné sily, bylo
vyuziti sklolaminatovych nebo nerezovych tahel, ktera po odbednéni
zustanou soucdsti vlastni monolitické konstrukce. Diivodem je oba-
va zadavatele z mozného poruseni vodotésnosti osténi a sniZeni tr-
vanlivosti konstrukce v piipadé€ prasaki skrze ucpavky po radlovani.

Bednéni zakladovych pasti nebylo v ni¢em vyjimecné. Na stény
bylo pouzito jednostranné bednéni, jez bylo zajisténo sklolaminato-
vymi tahly uchycenymi pfimo do horninového masivu. Na realizaci
obou téchto konstrukcnich ¢asti bylo pouzito klasické systémové
bednéni.

Dalsi vyzvou, kterou bylo nutno intenzivné fesit pred zahdjenim
vlastni realizace, byl navrh formy bednéni horni klenby tunelové-
ho osténi. Ze vSech oslovenych dodavatelt bednéni pfedlozil kon-
cepcni navrh pouze jeden. Ostatni poptdvku odmitli kvili obavam
0 bezpecnou tnosnost bedniciho vozu v pribéhu betondze. Dlvo-
dem byla bezesporu kombinace navrZené receptury samozhutni-
telného betonu a vysokych nadvylomut vedoucich k abnormélnimu
tlaku Cerstvé betonové smési. Svétla vyska mezi vrcholem a patou
klenby osténi dosahovala v nékterych mistech az 8§ m. Tento tlak
by v pripadé hydrostatického ptisobeni betonu nebyla Zadna bednici
forma schopna prenést. Proto bylo v navrhu uvaZovano s postupnym
nab&hem pevnosti Cerstvého betonu a naslednou redukci horizontal-
ni slozky zatiZeni na formu bednéni. Ve spolupraci s dodavatelem
betonu a dodavatelem bednéni byl na staveniSti uspofadan test pii
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construction, this placed huge demands not only on the load-bearing
capacity of the formwork of the lining vault, but also on the transport
and placement of fresh concrete and on the subsequent cooling of the
concrete mixture during its hydration.

Between the primary lining made of sprayed concrete and the
monolithic secondary lining, a separation layer made of a dimpled
sheet mattress covered with geotextile was placed. In addition,
drainage tubes were placed behind it, directing water from the
cladding to the main tunnel drainage. The design life of the tunnel
lining as well as other elements and parts of the tunnel is set at
120 years by the design documents. All elements permanently
installed in the tunnel have to have this durability guaranteed. This
contractual requirement was consistently checked and required by
the contracting authority.

FRESH CONCRETE MIX RECIPE

The first challenge that had to be dealt with before the lining
construction itself was the design of a fresh concrete mix that
would be suitable for concreting the lining of these dimensions in
the given conditions. Due to the uneven shape and large thicknesses
of the lining and the requirement to fill the overbreaks as perfectly
as possible, it was technically impossible to use classic compacting
of concrete mixes for the concreting of the lining vault. External
vibrators placed on the shell of the formwork cannot ensure perfect
compaction of the concrete in this case. Therefore, it was necessary
to proceed to the design of self-compacting concrete. According to
the design documents, a relatively high strength class C35/45, frost
resistance of concrete with CHRL (exposure degree XF4) and other
technical specifications were also prescribed. Only CEM 1 pure
Portland cements were allowed to be used. Another requirement was
the fire resistance of the cladding with the EI 60 and R 180 criteria.
Based on concrete fire tests, this led to the need to supplement the
recipe with polypropylene microfibres in a dosage of 1kg/m?®. Due
to frequent traffic complications when transporting fresh concrete
through the capital, a setting retarder was added.

In cooperation with the concrete supplier and after carrying out a
large number of tests and trials to determine the declared properties of
both the fresh concrete mixture and the hardened concrete, a suitable
concrete formula was finally found and subsequently approved by
the client. The result was a self-compacting, aerated, high-quality
fibre reinforced concrete.

FORMWORK OF THE SECONDARY TUNNEL LINING

The request of the client, related to the construction of reinforced
concrete structures within the FSE209 project, was the ban on
the use of classic formwork tying or other elements offered by
traditional suppliers within their typical series of formwork systems.
The only possible alternative to tying the formwork and capturing
the horizontal forces was the use of fibreglass or stainless steel tie
rods, which remain part of the monolithic structure itself after the
formwork is removed. The reason is the client‘s fear of a possible
breach of the waterproofing of the lining and a reduction in the
durability of the structure in the event of leaks through the seals after
formwork tying.

The formwork of the footings was nothing special. One-sided
formwork was used for the walls. It was stabilised by fibreglass ties
attached directly to the rock massif. Classic formwork system was
used for the execution of both of these structural parts.

Another challenge that had to be intensely addressed before
starting the actual construction was the design of the formwork for
the upper vault of the tunnel lining. Of all the formwork suppliers
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contacted, only one submitted a
conceptual proposal. The others
rejected the request due to concerns
about the safe load-bearing capacity
of the tunnel form traveller during
concreting. Undoubtedly, the reason
was the combination of the proposed
self-compacting concrete recipe and
high overbreaks leading to abnormal
pressure of the fresh concrete
mixture. The clearance height
between the top and the bottom of
the lining vault reached up to 8m in
some places. No formwork would be
able to withstand this pressure in the
case of hydrostatic concrete action.
Therefore, the proposal considered
a gradual increase in the strength
of fresh concrete and a subsequent
reduction  of  the  horizontal
component of the
formwork. In cooperation with the
concrete supplier and the formwork

méfeni tlaku
cerstvého betonu
measurement of fresh
concrete pressure

load on the

Obr. 4 Mérent tlaku Cerstvého samozhutnitelného betonu (nahore vysledek mérent, vlevo datalogger umistény na

bednéni, vpravo detail snimace)

Fig. 4 Measurement of pressure exerted by self-compacting concrete (top —measurement result, left — datalogger

installed on formwork, right — transducer detail)

betondzi tunelovych stén, jehoz cilem bylo stanovit skute¢né vodo-
rovné tlaky, které navrZena Cerstva betonova smeés na bednéni vyviji.
Ve tiech vyskovych drovnich byly do bednéni vloZeny tlakomérné
snimace a postupné byl v pribéhu betoniaze zaznamendvan tlak na
bednéni (obr. 4). Vysledky méfeni byly pro navrh bednéni klenby
velice pfiznivé, zméfené hodnoty neodpovidaly teoretickym hod-
notam, byly podstatné nizZsi. Z tohoto diivodu bylo provedeno jeste
opétovné méfeni, aby se, pokud mozno, vyloucily nékteré piipadné
chyby méfeni. I vysledky druhého méfeni potvrdily stejny trend. Pro
ovéreni vSech namérenych dat bylo provedeno jesté klasické mére-
ni tlakd bednéni spocivajici ve sledovani sily v jednotlivych tdhlech
a prepocteni této sily na tlak na bednéni. I toto méfeni ale prokazalo,
Ze redlny tlak Cerstvé betonové smési na bednéni je niZsi neZ teore-
ticky. Po zohlednéni vSech vysledki méfeni a zavedeni patficnych

bezpecnostnich koeficientd byla bednici forma horni klenby osténi

Obr. 5 Bednici forma klenby osténi
Fig. 5 Formwork for vault of lining

supplier, a test was organised on
the construction site during the
concreting of the tunnel walls, the
aim of which was to determine the
actual horizontal pressures that the
designed fresh concrete mixture exerts on the formwork. Pressure
sensors were inserted into the formwork at three height levels
and the pressure on the formwork was gradually recorded during
concreting (Fig. 4). The measurement results were very favourable
for the design of the vault formwork, the measured values did not
correspond to the theoretical values; they were significantly lower.
For this reason, a re-measurement was carried out in order to
exclude, if possible, some possible measurement errors. The results
of the second measurement also confirmed the same trend. In order
to verify all the measured data, a classic measurement of pressure on
formwork consisting of monitoring the force in individual tie rods
and converting this force into pressure on formwork was performed.
Even this measurement proved that the real pressure of the fresh
concrete mixture on the formwork is lower than the theoretical one.
After taking into account all measurement results and introducing
appropriate safety coefficients, the formwork of the upper vault
of the lining was successfully designed and gradually assembled
after several weeks underground (Fig. 5). The total weight of the
formwork of the lining vault exceeded 90 tonnes. After the formwork
of the concrete block was removed, the form was always split in half
at the top of the vault and moved in halves along the rails from one
block to the other, where it was then set up in the correct geometric
position and connected. In order to save time, after all the concreting
of the first tunnel tube was completed, the entire formwork of the
vault was subsequently moved in halves through the tunnel cross
passage. A special six-axle self-propelled carriage was used for this
operation, enabling the transport of excessive loads.

Due to the very high vertical load exerted by the formwork
of the vault during concreting, a static load test of the compacted
gravel layers under the rails was carried out. Based on the results
of measurements and load calculations, for safety reasons and in
order to ensure favourable load distribution and to minimise uneven
subsidence of the formwork during concreting, massive spreading
steel sheets placed under the individual rails were used.




uspésné navrzena a po nékolika tydnech v podzemi postupné sesta-
vena (obr. 5). Celkova hmotnost formy bednéni klenby osténi pre-
sahovala 90 tun. Po odbednéni daného bloku betondZe byla forma
vzdy rozptlena ve vrcholu klenby a po polovinach po kolejnicich
presunuta z jednoho bloku na druhy, kde byla nasledné ustavena do
spravné geometrické polohy a spojena. Z divodu uspory Casu po
dokonceni vSech betonazi prvni tunelové trouby byla nasledné celd
bednici klenba po polovinach pfesunuta pies tunelovou propojku.
K této operaci byl vyuZit specidlni Sestindpravovy samohybny pod-
vozek umoziiujici transport nadmérnych naklada.

Z divodu velmi vysokého vertikalniho zatiZeni od bednéni klenby
v pribéhu betonaze bylo pristoupeno k provedeni statické zatéZovaci
zkousky hutnénych Stérkovych vrstev pod kolejnicemi. Na zakladé
vysledkd méfeni a pfepoctu zatiZeni doslo z bezpecnostnich divodi
a kvuli zajisténi priznivého roznosu zatiZzeni a minimalizaci nerov-
nomérnych poklesti formy bednéni v priibéhu betonaze k pouZiti ma-
sivnich roznaSecich ocelovych plecht umisténych pod jednotlivymi
kolejnicemi.

Uzavieni ¢ilek nebylo mozné zajistit kompletné systémovym bed-
nénim. Kvili vyvedeni t€snicich profilt a nepravidelnému tvaru vy-
rubu zde bylo nutné pouZit fezivo. V nékterych piipadech tak bylo
zhotoveno az 3,5 m Siroké nebo vysoké dfevéné bednéni promén-
nych dimenzi. VSechna ¢ilka byla proti vodorovnym tlakiim zajis-
téna zabetonovanymi ocelovymi tahly, jez vedla po celé délce bloku
betondZe. Pred uzavienim formy bednéni byly do nejvyssich mist
v klenbé vyrubu umistény dvojice tzv. ,,Spioni“, pomoci kterych
bylo moZno kontrolovat, zda do$lo ke spravnému vyplnéni vSech
dutin Cerstvym betonem a zaroveti slouzily k odvzdu$néni prostor
za formou. Tyto kontrolni trubice byly vyvedeny pres Cilko bednéni
k armovacimu voziku, ze kterého probihala vlastni betonaz.

Pro plnéni formy cerstvym betonem bylo na plasti bedniciho vozu
umisténo celkem osmnéct plnicich otvor osazenych tzv. ,,gilotina-
mi“, ke kterym bylo moZno pfipojit hadice betonové pumpy. Ve tfech
pri¢nych profilech bylo umisténo symetricky na kazdé strané bed-
néni klenby ve tfech vySkovych trovnich celkem Sest gilotin. Roz-
misténi jednotlivych plnicich mist bylo sladéno s délkou nejmensiho
bloku betondze a celkovym postupem vystavby. Plnéni formy bedné-
ni nad trovni vrcholu bedniciho vozu bylo zajisténo prostfednictvim
nékolika gilotin osazenych piimo v ¢ilku bednéni. Aby doslo k co
nejlepSimu vyplnéni bednici formy, bylo vZdy alespori jedno plnici
misto vedouci z ¢ilka prodlouZeno prostfednictvim zabetonovaného
ocelového potrubi déle k jiz vybetonovanému bloku osténi. Tim bylo
zajisténo, Ze bude i ve vysSich partiich v podélném sméru plnéni
rovnomérné a nedojde tak k lokdlnimu pretéZovani formy nebo ke
vzniku nezddoucich kaveren.

VY2TUZ SEKUNDARNIHO TUNELOVEHO OSTENI

Klenba osténi je v pficném fezu geometricky tvofena tfemi ob-
louky rozdilnych polomérd. V kombinaci s trychtyfovym tvarem
kazdého bloku betonaze v podélném sméru to mélo za nasledek, Ze
kazdy vnéjsi prut armokoSe osténi mél jinou délku a jiny tvar a musel
byt vyroben individualné na miru. Na zacétku realizace byla snaha
produkovat vyztuz ve specializované armovné. Po nékolika prvnich
dodéavkach a vyméné subdodavatele se vSak ukazalo, Ze bude vy-
hodnéjsi, kdyZ bude vyztuZ vyradbéna piimo na stavbé. Diivodem
byla neschopnost dodavatelt vyrobit a dopravit na stavenisté vyztuz
v potiebné kvalité a predevsim tvaru. Cely armoko$ osténi byl zavé-
Sen na kotvach vrtanych pres primarni osténi a separacni vrstvu do
horninového masivu. Primérné vyztuZeni sekundarniho tunelového
osténi dosahovalo 160 kg na m? betonu. Jako hlavni nosna vyztuz
byly pouzity primarné pruty priméru 25 mm (obr. 6), v nékterych
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It was not possible to completely close the ends with system
formwork. Because of the sealing profiles and the irregular shape of
the excavation, it was necessary to use timber here. In some cases,
up to 3.5m wide or high timber formwork of variable dimensions
was made. All the stop ends were secured against horizontal pressure
by steel tie rods that ran in the concrete along the entire length of
the concreting block. Before closing the formwork, a pair of so-
called ,,spies were placed in the highest places in the vault of the
excavation, with the help of which it was possible to check whether
all the cavities had been correctly filled with fresh concrete and at
the same time they served to de-aerate the space behind the form.
These checking tubes were brought out through the stop end of the
formwork to the reinforcement installation traveller, from which the
actual concreting took place.

To fill the form with fresh concrete, a total of eighteen filling holes
fitted with so-called ,,guillotines* were installed on the shell of the
tunnel formwork traveller, through which the hoses of the concrete
pump could be connected. In three transverse profiles, a total of
six guillotines were placed symmetrically on each side of the vault
formwork at three height levels. The filling of the formwork above
the level of the top of the formwork traveller was secured by means
of several guillotines installed directly in the formwork stop end. In
order to achieve the best possible filling of the formwork, at least
one filling point leading from the stop end was always extended
by means of a steel pipe filled with concrete, further to the already
concreted lining block. This ensured that even in the higher parts in
the longitudinal direction, the filling would be uniform and that there
would be no local overloading of the formwork or the formation of
unwanted cavities.

REINFORCEMENT OF THE SECONDARY TUNNEL LINING

In cross-section, the lining vault is geometrically formed by three
arches with different radii. Combined with the funnel shape of each
concreting block in the longitudinal direction, this meant that the
length and shape of each external rebar of the lining reinforcement
cage was different and had to be individually made to measure. At the
beginning of the work, there was an effort to produce reinforcement
in a specialised rebar processing shop. However, after the first few
deliveries and a change of subcontractor, it became clear that it
would be more advantageous when the reinforcement was processed
directly on site. The reason was the inability of the suppliers to
produce and deliver reinforcement to the construction site in the
required quality and, above all, shape. The entire reinforcement cage
of the lining was suspended on anchors drilled through the primary
lining and the separation layer into the rock massif. The average
quantity of reinforcement of the secondary tunnel lining reached
160kg per m® of concrete. Rebars 25mm in diameter, in some places
of the cross-section placed in up to three layers, were primarily
used as the principal reinforcement (Fig. 6). In all places where the
actual shape of the lining differed from the theoretical one by more
than 0.3m, it was necessary to add reinforcement to the overbreak.
The actual assembly of the reinforcement was carried out from the
reinforcement installation traveller.

To ensure the waterproofing of the lining, a rubber waterbar was
inserted into each transverse joint between the individual blocks of
concreting. The working joints between the strip footings, the walls
and the lining vault were treated by inserting a bentonite sealing
gasket. The entire reinforcement cage of the lining was tied up
and outlets were installed on the surface of the lining to measure
the electrochemical potential and monitor the risk of corrosion of
the concrete reinforcement. The stress in the secondary lining was
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mistech prifezu umisténé a7z ve tfech vrstvach. Ve vSech mistech,
kde se skutec¢ny tvar osténi liSil od teoretického vice nez o 0,3 m,
bylo nutné nadvylom dovyztuzit. Samotna montaZ vyztuze probihala
z armovaciho voziku.

K zajisténi vodonepropustnosti osténi byl do kazdého pii¢ného
spoje mezi jednotlivé bloky betondZe vloZen gumovy tésnici pas.
Pracovni spary mezi zdkladovymi pésy, st€nami a klenbou osténi
byly oSetfeny vloZenim bentonitového tésniciho pasku. Cely armo-
koS osténi byl provazan a na povrch osténi byly instalovany vyvody
pro méfeni elektrochemického potencidlu a sledovani rizika koroze
betonarské vyztuze. Napéti v sekundarnim osténi bylo na kazdém
bloku betonaZe monitorovano v nékolika méfi¢skych profilech stru-
novymi tenzometry. Vzhledem k nepravidelnému tvaru osténi a jeho
dimenzim vznesl zhotovitel na zadavatele dotaz, zda trvd na umisténi
tenzometrt do teoretické polohy s odpovédi, Ze ma byt sledovéan pl-
vodni ndvrh beze zmén.

CHLAZENI BETONOVEHO OSTENI

Jak jiz bylo zminéno v predchozi Casti prispévku, tloustka tune-
lového osténi presahovala v nékterych mistech navrZzené hodnoty
tloustky sekundarniho osténi. Z pohledu technickych norem a pred-
pist se jedna o masivni monolitickou konstrukci i v piipadé, Ze
by byly dodrZeny vSechny teoretické rozméry osténi. Pro zajisténi
spravné hydratace betonu, neprekroceni limitnich hodnot teploty
v jadru prafezu a udrZeni teplotniho gradientu mezi jadrem prare-
zu a povrchem v bezpec¢nych mezich je moZné zvolit vice piistupd.
Ve Skandinavii k této problematice pfistupuji nej¢astéji chlazenim
vlastni betonové konstrukce v pribéhu hydratace betonu. V praxi se
pouzivaji dva zakladni systémy. Prvni, sofistikovanéjsi, vyuzivajici
uzavieny systém cirkulace chladiciho média a druhy, kdy chlazeni
konstrukce zajistuje bézna uzitkova voda, ktera je rozvedena po dél-
ce tunelu. U uzavieného systému, kdy nelze pouzit k chlazeni uZit-
kovou vodu, je tieba zajistit ndkladny vyménik tepla a technologii
k vlastnimu fizeni procesu chlazeni. V ptipadé tunelového osténi pod
jezerem Milaren byl vyuZit systém chlazeni uZitkovou vodou.

Na zdklad€ zvolené receptury Cerstvé betonové smési (predevSim
obsahu a typu cementu), praimérnych dennich teplot v daném mési-
ci, teploty Cerstvého betonu a teploty chladiciho média byl projek-
tantem navrzen systém chladiciho potrubi. Podminkou pro regulaci
pritoku a tlaku v potrubi byl rozdil mezi teplotou chladici kapaliny
na vstupu a na vystupu. Projektantem byla predepsana rovnéZ mini-
mélni doba, po jakou se musi osténi chladit. Soucasné se sledovanim
vSech relevantnich idaji na chladicim potrubi probihalo také méie-
ni teploty vzduchu a zaznamenavéni teplotniho profilu po tloustce
osténi v nékolika profilech. Na kazdé klenbé bylo podle projektové
dokumentace osazeno celkem 28 méficich bodu (obr. 7).

Jednotlivé chladici okruhy, jejichz délka z praktickych diivodii ne-
méla pfesahovat 100 m, byly pfes dievéné cilko vyvedeny vné for-
my bednéni, peclivé oznaCeny a napojeny na zhotoveny distributor
chladiciho média, ktery umozioval zapinat a vypinat kazdy okruh
zv14st a rovnéz regulovat tlak a pritok (obr. 8). Pfed uzavienim bed-
néni a vlastni betonazi bylo doporuceno provést diikladnou tlakovou
zkousku celého chladiciho systému. Voda ohtéta v pribéhu tuhnuti
a tvrdnuti betonu byla shromazdovéana v kéadi, odkud byla nasledné
precerpavana do tunelové drenaze. Samotné chladici potrubi byva
nejcastéji zhotoveno z tenkosténnych ocelovych trubek pripevné-
nych v predepsanych roztecich pres gumovou separaci na armokos.
Cely systém chlazeni je po odbednéni zainjektovan. Spolecné s chla-
zenim osténi bylo nutné chladit i prostor v§ech nadvylomil pridavny-
mi chladicimi okruhy.
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Obr. 6 Armokos vyztuZe pred posunem formy bednéni
Fig. 6 Reinforcement cage before shifting of formwork

monitored on each block of concreting in several measuring profiles
by vibrating wire strain gauges. Due to the irregular shape of the
lining and its dimensions, the contractor asked the client whether
he insisted on placing the strain gauges in the theoretical position,
with the answer that the original design should be followed without
changes.

COOLING OF CONCRETE LINING

As already mentioned in the previous part of the paper, the
thickness of the tunnel lining exceeded the designed thickness of the
secondary lining in some places. From the point of view of technical
standards and regulations, this is a massive monolithic structure even
if all the theoretical dimensions of the lining are observed. Several
approaches can be chosen to ensure proper hydration of the concrete,
not to exceed the limit values of temperature in the core of the cross-
section, and to maintain the temperature gradient between the core of
the cross-section and the surface within safe limits. In Scandinavia,
they most frequently approach this issue by cooling the concrete
structure itself during concrete hydration. Two basic systems are used
in practice. The first one, more sophisticated, uses a closed cooling
medium circulation system, and the other one, is used when the
cooling of the structure is provided by ordinary utility water, which
is distributed along the length of the tunnel. In the case of a closed
system, when utility water cannot be used for cooling, an expensive
heat exchanger and technology for self-control of the cooling
process must be provided. In the case of the tunnel lining under Lake
Milaren, a utility water cooling system was used. Based on the chosen
recipe of the fresh concrete mixture (primarily the content and type
of cement), the average daily temperatures in the given month, the
temperature of the fresh concrete and the temperature of the cooling
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betonové osténi HT201 sténa etapa 5
concrete lining of HT201 stage 5
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Obr. 7 Priklad vystupu z teplotniho méreni vychodni stény 5. sekce tunelu HT201
Fig. 7 Example of temperature measurement of eastern wall of section No. 5 of HT201 tunnel

Dukladnym chlazenim realizované masivni betonové konstruk-
ce, regulaci pfitoku a tlaku v chladicim potrubi a sledovanim vSech
zaznamendvanych teplot bylo dosaZeno bezchybného vysledku
a v obou tunelovych troubdch nebyly pfi inspekcich zaznamenany
zadné teplotni trhliny.

BETONAZ, ODBEDNOVANI A OSETROVANI
SEKUNDARNIHO OSTENI

Testovani Cerstvého betonu probiha podle Svédskych technickych
pfedpisti pouze u betonu z prvnich tif domichdvact, pfi zméné beto-
narny nebo jednou za 8 hodin pfi vyméné obsluhy betonarny, pokud
trva betonaz déle. Vice zkousSek Cerstvého betonu zadavatel nevyZa-
duje. Pro vlastni potiebu a pro kontrolu betondrny bylo zakoupeno
zakladni vybaveni a kazda dodavka betonu na stavbu byla testovana.
Nekolikrat se stalo, Ze byl vracen domichavac¢ uprostred betondze
z divodu nevyhovujiciho provzdusnéni betonu nebo Spatné konzi-
stence. Za predepsanych podminek testovani by tyto negativni od-
chylky nebyly odhaleny. V pitipadé kontroly ztvrdlého betonu plati
ve Svédsku obdobna pravidla jako v Cesku a Slovensku.

Betonaz zakladovych past probihala klasickym zpisobem zhut-
néného betonu. Na betondZ prvni dvojice stén byl pouZit nejpr-
ve samozhutnitelny beton stejné receptury jako pro klenbu osténi.
Davodem byl pozadavek co nejpivétivéjsiho pracovniho prostiedi
v tunelu a omezeni negativniho vlivu vibraci nutnych ke zhutnéni
klasického betonu na lidsky organismus. Ukézalo se ale, Ze je v tako-
vém pripadé velice obtizné dosdhnout pozadované kvality pohledové
strany stény po odbednéni. Pii¢inou byla nemoZnost zajistit souvis-
lou betonéz stén bez jakéhokoli preruSeni predevsim kvili problé-
muim s transportem cerstvého betonu pres centrum meésta v rannich
a odpolednich hodindch. Pokud se betonaZ zastavila pouze na néko-
lik minut, vznikl na povrchu viditelny znak preruseni, ktery nelze
v pfipadé samozhutnitelného betonu efektivné ovlivnit, na rozdil od
hutnéného betonu, kdy je mozné patficné napojeni Cerstvého betonu
zajistit diikladnym provibrovanim jednotlivych vrstev. Vyzkouseno
bylo vice opatfeni, zvyseni konzistence Cerstvého betonu na SF2,
Uprava receptury, vytlatna betonaZ pres plnici otvory pomoci gilo-
tin. Zadné z téchto opatfeni ale nevedlo k uspokojivym vysledkim,
proto doslo po domluvé se zadavatelem pro betonaz stén tunelového

reasons should not exceed 100m,
were led outside the formwork
through a timber stop end, care-
fully marked and connected to a manufactured distributor of the
cooling medium, which made it possible to turn each circuit on and
off separately and also to regulate the pressure and inflow rate (Fig.
8). It was recommended to carry out a thorough pressure test of the
entire cooling system before closing the formwork and concreting.
The water heated during the setting and hardening of the concrete
was collected in a tub, from where it was subsequently pumped into
the tunnel drainage. The cooling pipeline itself is most frequently
made of thin-walled steel pipes attached at prescribed intervals
through a rubber separation to the reinforcement. The entire cooling

Obr. 8 Systém chlazeni stény tunelového osténi
Fig. 8 Tunnel lining wall cooling system
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osténi k pouziti klasického hutnéného betonu konzistence S4. Po této
zméné jiZ k Zadnym podstatnym problémiim s povrchem betonu ne-
dochazelo.

V pripadé betonaze klenby osténi nebylo mozné pouZit klasicky
beton, protoZe ho nelze bez moZnosti piistupu do formy bednéni
patficné zhutnit a vyplnit prostor vSech nadvylomi. Nezbyvalo nez
se pokusit sladit betonaz klenby osténi s dodavkami Cerstvé beto-
nové smési tak, aby bylo zajiSt€no co mozna nejplynulejsi plnéni
formy. Zhotovitel navrhl dodavateli betonu betondZ pfes noc, ktera
by méla nékolik benefitd, z nichZ nejpodstatnéjsi bylo sniZeni tep-
loty Cerstvého betonu, moZnost vyuZiti plné kapacity betondrny jen
pro danou betondz a predevsim plynulejsi dodavky Cerstvého betonu
diky sniZeni rizika plynouciho z transportu betonu ptes hlavni mésto.
Nocni betonaz se vsak nepodafilo s dodavatelem betonu dohodnout.
Pri¢inou byla nevtile zaméstnanct betonarny a dopravce betonu pra-
covat v noci ani za predpokladu thrady vSech patfi¢nych pfiplatki
zhotovitelem.

Nejveétsi kubatura betonaze klenby osténi o objemu cca 480 m®
byla zahdjena v pil Sesté rano a trvala nepretrzité bezmala 18 hodin.
K prepravé betonu byly vyuzity v co nejvyssi mife velkokapacitni
domichéavace o objemu 10 m’. Pro dopravu Cerstvého betonu a za-
bezpeceni rovnomérného plnéni formy bednéni byly pouZzity soucas-
n¢ dvé betonové pumpy (obr. 9). Aby bylo zajisténo také rovnomérné
plnéni v podélném sméru bloku betonéze, byly vytvoreny z betonar-
skych hadic vétve, které spojovaly plnici otvory vzdy v jedné vysko-
vé trovni. Kazda pumpa tak v jeden okamzik plnila alespon dva pl-
nici otvory. Pfed zahajenim vlastni betonaze doslo k tzv. promazani
jednotlivych vétvi pomoci cementové suspenze, aby nedoslo k ucpa-
ni potrubi pfi zahdjeni. Po napojeni hadic na jednotlivé gilotiny po-
kracovala betonaz vzdy do vysky cca jeden metr nad droven daného
plniciho mista. Nasledné doslo k prepojeni vétve na vyssi Groven
s pokra¢ovanim aZ k vrcholu bednéni klenby osténi. Posléze byla
jedna pumpa prepojena ke spodni giloting v ¢ilku a druha pumpa ke
giloting, kterd plnila zadni ¢ast formy bednéni. V pribéhu betonize
byla otvory skrz ¢ilko vizudlné kontrolovana troven cerstvého beto-
nu ve formé. S postupem betondze byly rovnéZ zapinany jednotlivé
chladici okruhy, sledovany teploty na prislusnych snimacich, tlak
a pratok chladiciho média. Po uzavieni horniho sledovaciho okna
doslo ke zpomaleni betonazZe az do chvile, nez zacal vytékat beton
ze SpiondZnich hadic. Poté byla preruSena betondz na nékolik minut,

Obr. 9 Betond? klenby osténi dvéma betonovymi pumpami
Fig. 9 Concreting the lining vault by two concrete pumps
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system is filled with grout after striking the formwork. Together
with the cooling of the lining, it was necessary to cool the space
of all overbreaks with additional cooling circuits. Thorough cooling
of the completed massive concrete structure, regulation of flow
and pressure in the cooling pipeline and monitoring of all recorded
temperatures resulted in a flawless result and no thermal cracks were
recorded in both tunnel tubes during inspections.

CONCRETE CASTING, FORM STRIKING AND CURING
OF THE SECONDARY LINING

Testing of fresh concrete takes place according to Swedish
technical regulations only for concrete from the first three mixer
trucks, when the concrete batching plant is changed or once
every 8 hours when the batching plant operator is changed, if
concreting takes longer. The contracting authority does not require
more tests of fresh concrete. Basic equipment was purchased for
our own use and for inspection of the concrete batching plant,
and each delivery of concrete to the construction site was tested.
Several times it happened that the mixer truck was returned in the
middle of concreting due to inadequate aeration of the concrete
or poor consistency. Under the prescribed testing conditions, these
negative deviations would not be detected. In the case of checking
on hardened concrete, similar rules apply in Sweden as in the
Czech Republic and Slovakia. The concreting of the strip footings
was carried out using the classic method of compacted concrete.
For concreting the first pair of walls, self-compacting concrete
of the same formula as for the lining vault was used. The reason
was the requirement for the most friendly working environment
in the tunnel and the limitation of the negative influence of the
vibrations necessary for the compaction of conventional concrete
on the human organism. However, it turned out that in such
a case it is very difficult to achieve the desired quality of the
visible side of the wall after striking the formwork. The reason
was the impossibility of ensuring continuous concreting of the
walls without any interruption, mainly due to problems with the
transport of fresh concrete through the city centre in the morning
and afternoon hours. If concreting stopped for only a few minutes,
a visible sign of discontinuity appeared on the surface, which fact
cannot be effectively influenced in the case of self-compacting
concrete, in contrast to manually compacted concrete, where it
is possible to ensure proper connection of
fresh concrete by thorough vibrating the
individual layers. Several measures were
tried: increasing the consistency of fresh
concrete to SF2, adjusting the concrete
recipe, forcing concrete through the filling
holes using the guillotines. However, none
of these measures led to satisfactory results,
so after an agreement with the contractor
for concreting the walls of the tunnel lining,
classic compacted concrete with consistency
S4 was used. After this change, there were no
more significant problems with the concrete
surface. In the case of concreting the lining
vault, it was not possible to use conventional
concrete, because without the possibility of
access to the formwork, it cannot be properly
compacted and fill the space of all overbreaks.
All that was left was to try to coordinate
the concreting of the lining vault with the
delivery of fresh concrete mixture in order to
ensure the smoothest possible filling of the




Obr. 10 Méreni zralosti betonu pro stanoveni casu odbednéni konstrukce
Fig. 10 Measurement of concrete curing state for determination of formwork
striking time

doslo k usazeni Cerstvého betonu a naslednému opatrnému dotlaceni
betonu do vrchliku klenby osténi. Tim byla betondZ klenby tspésné
ukoncena. Po dokonceni betondZe byla ve dne i v noci v n€kolika-
hodinovych intervalech kontrolovana funk¢nost chladiciho systému
a regulovan pratok a tlak chladici vody.

V zavislosti na lhitich stanovenych projektovou dokumentaci
a teplotnim vypoctem mohly byt jednotlivé konstrukéni ¢asti odbed-
nény. Pro klenbu osténi bylo vyZadovéno, aby byla konstrukce tep-
lotné izolovana minimalné 9-14 dni v zavislosti na aktudlnim roc-
nim obdobi a teploté vzduchu. Ta se pohybovala v rozmezi 8,5 °C
v zimnim obdobi, az 18 °C v letnim obdobi. Z pohledu nosné funkce
bylo vyzadovano dosazeni pevnosti v tlaku minimalné 32 MPa. Ve
Svédsku je zvykem stanovit konkrétni dobu odbednéni na zdkladg
prepoctu z teplot méfenych v priabéhu tuhnuti a tvrdnuti betonu. Ten-
to prepocet lze sestavit manudlné na zaklad€ graf a tabulek nebo
automaticky, kdy je tento proces implementovan piimo do datovych
centrdl, které zaznamendvaji jednotlivé teploty (obr. 10). Klasicky
stfedoevropsky pristup zaloZeny na zkousSeni né€kolikadenni pevnosti
betonovych vzorkl v laboratofi, kdy je na zakladé takto zméfené
pevnosti stanovena redlnd doba odbednéni, nenf ve Svédsku obvyk-
ly. V pripadé betonaZe prvni klenby osténi zhotovitel koreloval oba
postupy spolecné s vyuzitim dalSich nedestruktivnich metod, jako je
napf. Schmidtovo kladivko. Bylo dosazZeno pomérné dobré shody,
proto byl v pripadé dalSich kleneb vyuZivan jiZ jen tradi¢ni skan-
dindvsky pfistup. Nutno podotknout, Ze z hlediska izola¢ni funkce
osténi a omezeni rizika vzniku trhlin byla doba 9 az14 dni dostatecna
i k dosazeni potfebné pevnosti betonu nutné k odbednéni konstruk-
ce. Diky tomu, Ze bylo osténi uchovino v bednéni po takto dlou-
hou dobu, nebylo tifeba provadét Zadné oSetfovani povrchové vrstvy
betonu. Odbediovani zakladovych pasi a stén se fidilo podobnymi
kritérii jako odbednéni klenby osténi, jeZ je popsané v predchozi ¢as-
ti textu. Pracovni spara mezi zdkladovymi pasy, st€énami a klenbou
byla vZdy patfi¢né oSetfovana.

Po odbednéni kazdého bloku betonaze klenby doslo vzdy k vy-
plnéni vrchliku osténi, provedeni vizudlni kontroly, brouSeni pra-
covnich spar a opravam vSech povrchovych vad. Zadavatel kladl na
zakladé Svédskych technickych standardl velmi vysoké naroky na
povrchové vlastnosti osténi a nékdy byva dokonce stanoveno, jaky
odstin ma betonovy povrch mit. Proto bylo tfeba nékteré bloky be-
tondZe dodatecné vybrousit, i tfeba jen kvili nékolika skvrnam od
odbediiovaciho oleje. Dalo by se fict, Ze vysledny produkt tak pfi-
pominal pohledovy beton, i kdyZ tak primarné specifikovan nebyl.

32. rocnik - €. 1/2023

form. The contractor proposed overnight concreting to the concrete
supplier, which would have several benefits, the most important of
which was a reduction in the temperature of the fresh concrete, the
possibility of using the full capacity of the concrete plant only for
the given concreting case and, above all, smoother supply of fresh
concrete due to the reduction of the risk arising from the transport
of concrete through the capital. However, overnight concreting
could not be agreed with the concrete supplier. The reason was
the reluctance of the employees of the concrete batching plant and
the concrete carrier to work at night, even if all the appropriate
surcharges were paid by the contractor.

The largest volume of concreting of the lining vault, with a
volume of approx. 480m?, was started at half past five in the
morning and lasted almost 18 hours non-stop. Large-capacity
readymix trucks with a volume of 10m?® were used as much as
possible for the transport of concrete. Two concrete pumps were
used simultaneously to transport fresh concrete and ensure uniform
filling of the formwork (Fig. 9). In order to ensure uniform filling
also in the longitudinal direction of the concreting block, branches
were created from concrete hoses that connected the filling
openings at one height level. Each pump thus filled at least two
filling openings at one time. Before the actual concreting began,
the individual branches were lubricated with a cement suspension
to avoid clogging of the pipes at the beginning. After connecting
the hoses to the individual guillotines, concreting continued to a
height of approx. one metre above the level of the given filling
point. Subsequently, the branch was connected to a higher level
with a continuation up to the top of the formwork of the lining
vault. Later, one pump was connected to the lower guillotine in
the stop end and the other pump to the guillotine that filled the
rear part of the formwork. During concreting, the level of fresh
concrete in the form was visually checked through holes through
the stop end. As the concreting progressed, the individual cooling
circuits were also switched on; the temperatures on the respective
sensors, the pressure and the flow of the cooling medium were
monitored. After the upper observation gate was closed, concreting
slowed down until concrete began to flow from the spy hoses. After
that, concreting was interrupted for a few minutes, fresh concrete
settled and then the concrete was carefully pressed into the top of
the lining vault. Thus, the concreting of the vault was successfully
completed. After concreting was completed, the functionality
of the cooling system was checked day and night at intervals of
several hours, and the flow and pressure of the cooling water was
regulated.

Depending on the deadlines set by the design and the temperature
calculation, the formwork of individual structural parts could be
stripped. For the lining vault, the structure was required to be
thermally insulated for a minimum of 9-14 days depending on the
current season and air temperature. It ranged from 8.5°C in the
winter to 18 °C in the summer. From the point of view of the load-
bearing function, it was required to achieve a compressive strength
of atleast 32MPa. In Sweden, itis customary to set a specific time for
striking the formwork based on a calculation from the temperatures
measured during the setting and hardening of the concrete. This
conversion can be compiled manually based on graphs and tables
or automatically, when this process is implemented directly into
data centres that record individual temperatures (Fig. 10). The
classic Central European approach based on testing the strength of
concrete samples for several days in the laboratory, when the actual
striking period is determined based on the strength measured in
this way, is not common in Sweden. In the case of concreting the
first vault of the lining, the contractor correlated both procedures
together with the use of other non-destructive methods, such as
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ZAVER

Svédské stavebnictvi oproti Geskému a slovenskému pokro&ilo
v digitalizaci vSech stavebnich procesu. Oficidlni komunikace mezi
zhotovitelem a zadavatelem probiha na denni béazi prostfednictvim
databazového chatu. Nékterd vyznamnd témata jsou vsak stéle feSe-
na klasicky formou dopist. Projektova dokumentace existuje pou-
ze digitalné, je digitdlné pripominkovana a nésledné i schvalovana
a sdilena mezi vSemi Ucastniky vystavby online prostiednictvim
cloudového tloziste. Na stejném misté jsou uloZeny i vSechny tech-
nologické postupy, kontrolni a zkuSebni plany, stavebni deniky, z4-
vérecné zpravy a dokumenty, které ma provozovatel tunelu kdykoli
v pribéhu Zivotniho cyklu tunelu k dispozici. VSechny konstrukéni
¢asti jsou modelovany ve 3D a sdruZovany do jednoho 3D modelu
celého useku (obr. 11), ve kterém se kazdy snadno orientuje a ktery
obsahuje odkazy na 2D vykresy a soucasné i néktera zakladni data
a vyméry nutné k vystavbé. Zatim nejde o plné BIM feSeni, nezbyva
ale jiz mnoho a tento systém bude ve Svédsku standardem.

Svédsk4 kultura je na rozdil od té stfedoevropské zaméfena pri-
marné€ na osoby a jejich pracovni prostfedi a komfort a neni tolik
orientovana na cil a vysledek. V pribéhu realizace byla spole¢nost
Subterra vyzvéana ke spolupraci na vyzkumu, ktery provadi Svéd-
sky RISE (Research Institutes of Sweden). Vyzkum se tykal vlivu
pracovniho prostiedi, hluku a vibraci pri hutnéni klasického betonu
ve srovnani s pouzitim samozhutnitelného betonu. Zhotovitel tuto
nabidku spolupréce prijal a pfi betondZzi stén osadil své pracovni-
ky ¢idly méficimi polohu v soufadnicovém systému XYZ a tGroven
hluku, gyroskopy, kamerami apod. Méfeni probéhlo jak pii betonazi
stén tunelového osténi samozhutnitelnym betonem, tak pfi betonazi
klasickym betonem. Zhotovitel poskytl vyzkumnikiim kromé na-
mérenych dat i podklady porovnani ¢asové narocnosti a ekonomic-
ké stranky. Nyni probihd celkové analyza vSech dat.

Svédsko je velice specifickd zemé, Svédové jsou velice oso-
bity a velmi hrdy nédrod. Stejné€ tak je i Svédsky stavebni pramysl
v mnoha aspektech z pohledu zhotovitele velmi zvlaStni. Zajimava
jsou néktera technicka feSeni. Prekvapivé jsou navrhované tloustky
nekterych Zelezobetonovych konstrukci a stupeni jejich vyztuZeni.
Rozporuplné se mize jevit rovnéz §védsky mimotadny diraz na Zi-
votni prostiedi a elektromobilitu, ve chvili, kdy jsou navrhovany
takto masivni konstrukce, a neni dovoleno pouZiti smésnych ce-
mentd. Mimochodem, té€Zebni limity nejvétsiho vyrobce cementu
ve Svédsku na ostrové Gotland jsou uz ponékolikaté docasné zvy-
Sovany. Pri nedostatku cementu probihd dovoz ze zahranici, coz
ekologickou stopu zlep$it nepomiZe. Na tomto kratkém tseku dél-
ky 40 m v obou tunelovych troubdch v rdmci rozsahlého projektu

Obr. 11 3D model FeSeného tiseku
Fig. 11 3D model of the section being solved

Schmidt hammer rebound test. A fairly good agreement was
reached, therefore only the traditional Scandinavian approach was
used in the case of additional vaults. It should be noted that, from
the point of view of the waterproofing function of the lining and
the reduction of the risk of cracks, the period of 9 to 14 days was
sufficient to achieve the necessary strength of the concrete required
for striking the formwork. Due to the fact that the lining was kept
in the formwork for such a long time, no treatment of the concrete
surface layer was necessary. The striking of strip footings and walls
formwork was governed by similar criteria as the stripping of the
lining vault, which is described in the previous part of the text.
The construction joint between the strip footings, walls and vault
was always properly treated. After striking the formwork of each
concrete block of the vault, the lining meniscus was always filled,
a visual inspection was carried out, the construction joints were
grinded and all surface defects were repaired. Based on Swedish
technical standards, the client made very high demands on the
surface properties of the lining, and sometimes it is even determined
what shade the concrete surface colour should have. Therefore, the
surface of some concrete blocks had to be additionally ground, even
if only because of a few stains from the formwork striking oil. One
could say that the resulting product thus resembled architectural
finish concrete, even if it was not primarily specified as such.

CONCLUSION

Compared to the Czech and Slovak construction industry, the
Swedish construction industry has advanced in the digitisation of
all construction processes. Official communication between the
contractor and the client takes place on a daily basis via database
chat. However, some important topics are still dealt with classically
in the form of letters. Design documents exist only digitally, are
digitally annotated and subsequently approved and shared among all
construction participants online via cloud storage. All technological
procedures, inspection and test plans, construction diaries, final
reports and documents available to the tunnel operator at any time
during the tunnel‘s life cycle are also stored in the same place. All
structural parts are modelled in 3D and combined into one 3D model
of the entire section (Fig. 11), in which it is easy to navigate for
everybody and which contains references to 2D drawings as well as
some basic data and dimensions necessary for construction. It is not
yet a full BIM solution, but there is not much left and this system will
be the standard in Sweden.

Unlike the Central European culture, Swedish culture is primarily
focused on people and their working environment and comfort,
and is not so much oriented towards goals and results. During the
construction, Subterra was invited
to cooperate in the research carried
out by the Swedish RISE (Research
Institutes of Sweden). The research
concerned the influence of the
working environment, noise and
vibration during the compaction of
conventional concrete compared to
the use of self-compacting concrete.
The contractor accepted this offer of
cooperation and, during the concreting
of the walls, equipped his workers
with sensors measuring the position
in the XYZ coordinate system and
the noise level, gyroscopes, cameras,
etc. The measurement took place
both during concreting of the tunnel
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Obr. 12 Dokoncené sekunddrni osténi tunelové trouby HT202
Fig. 12 Completed secondary lining of tunnel tube HT202

FSE209 bylo pouzito pfiblizné 5500 m? vysokohodnotného samo-
zhutnitelného, provzdu$néného betonu C35/45 s polypropylénovy-
mi mikrovldkny, 530 t betonéi'ské vyztuze a 8 km chladiciho potru-
bi. Celd vystavba trvala pfiblizn¢ jeden rok s téméf kaZdodennim
nasazenim 15 tesafil a betonafi.

Po precteni tohoto pfispévku ctenare bezesporu napadne velké
mnoZzstvi otdzek. Bylo skute¢né nutné takto masivni zajiSténi této
poruchové zoény? Pokud ano, nebylo by mozné navrzené feSeni
sekundarniho osténi optimalizovat, aby nebylo tak komplikované
z pohledu realizace a Casové naroCnosti vystavby? Jednim z na-
vrhi zhotovitele, jak uSetfit as a nasledné i ndklady, bylo napf.
dvouplastové sekundarni osténi, kdy by prvni vrstva slouzila pou-
ze k vyplni nepravidelnych nadvylomi. Na ni by nasledné mohla
byt osazena klasickd hydroizola¢ni membrana, pod kterou by byla
zhotovena druh4 vrstva osténi konstantni tloustky. SniZily by se tak
naroky na formu bednéni i na armovani osténi a odstranila by se
fada dalSich komplikaci souvisejicich s betondzi a chlazenim. Z ¢a-
sovych diivodll a ndvaznosti dalSich praci vSak k Zddnym zménam
ani optimalizaci nedoslo.

V dobé tvorby tohoto prispévku je jiZ v obou tunelovych troubach
sekundarni osténi kompletné zrealizované a uspésné predané klien-
tovi (obr. 12).

Ing. JAN FALTYNEK, Ph.D., MBA, EUR ING,
Jan.faltynek@sbtsweden.se, Subterra a.s.
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lining walls with self-compacting concrete and
during concreting with conventional concrete.
In addition to the measured data, the contractor
also provided the researchers with materials for
comparing time requirements and economic
aspects. An overall analysis of all data is now
underway.

Sweden is a very specific country; the Swedes
are a very distinctive and very proud nation.
In the same way, the Swedish construction
industry is also very special in many aspects
from our point of view. Some technical
solutions are interesting. The designed thick-
nesses of some reinforced concrete structures
and their reinforcement content are surprising.
Sweden‘s extraordinary emphasis on the
environment and electromobility can also
appear contradictory, when such massive
structures are being designed, and the use of
blended cements is not allowed. By the way,
the mining limits of Sweden‘s largest cement
producer on the island of Gotland have already
been temporarily increased several times.
When there is a shortage of cement, it is imported from abroad, which
does not help to improve the ecological footprint. Approximately
5,500m* of high-grade self-compacting, aerated concrete C35/45
with polypropylene microfibres, 530t of concrete reinforcement
and 8km of cooling pipes were used in this short 40m long section
in both tunnels as part of the extensive FSE209 project. The entire
construction lasted approximately one year with the almost daily
deployment of 15 carpenters and concrete workers.

After reading this paper, the reader will no doubt have a lot of
questions. Was it really necessary to secure this fault zone so
massively? If so, wouldn‘t it be possible to optimise the designed
solution of the secondary cladding so that it is not so complicated
from the point of view of construction and time-consuming work?
One of the contractor‘s proposals to save time and subsequently
costs was, for example, a two-layer secondary lining, where the
first layer would only serve to fill irregular overcuts. A classical
waterproofing membrane could subsequently be fitted on its surface,
under which a second layer of cladding of constant thickness would
be made. This would reduce the demands on the formwork and on
the reinforcement of the lining, and a number of other complications
related to concreting and cooling would be eliminated. However,
due to time reasons and the continuity of other work operations, no
changes or optimisation took place. At the time of writing this paper,
the secondary lining in both tunnels has already been completed and
successfully handed over to the client (Fig. 12).
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TUNEL ZABOVRESKA — ZAVERECNE ZHODNOCENI
_ POHLEDEM ZHOTOVITELE
ZABOVRESKA TUNNEL - FINAL EVALUATION VIEWED
BY CONTRACTOR

DALIBOR STROMCEK, ANDREJ KORBA

ABSTRAKT

Vystavba dvoukolejného tramvajového tunelu Zabovieskd je soucdsti Velkého méstského okruhu mésta Brna. Jeho délka je 500 m, sestd-
vajict ze dvou presypanych cdsti v celkové délce 167 m a raZené cdsti v délce 333 m. Soucdsti tramvajového tunelu je také tinikovd stola
dlouhd 55 m, kterd propojuje tunel a sousedici silnicni galerii. Upravend trasa Zabovreské ulice je vedena severojiznim smérem iidolim
feky Svratky, v rovinatém terénu v misté stavajici komunikace 1/42 a tramvajové traté, a ndsledné odkldni tunel do aredlu byvalého lomu.
Tunel byl razen metodou NRTM v podminkdch proterozoika Brnénského masivu pomoci trhacich praci. Prdce na tunelu byly ovlivnény
covidovymi a post-covidovymi podminkami, se kterymi se musela stavba vyporddat. Vysledkem byla netypickd reSent, kterd v konecném
diisledku umoznila vznik zajimavé podzemni konstrukce [1], [2].

ABSTRACT

The construction of the double-track tram tunnel Zabovieskd is part of the Large City Ring Road of the city of Brno. It is 500m long,
consists of two false tunnel parts with a total length of 167m and a mined part with a length of 333m. The tram tunnel also includes a 55m
long escape adit that connects the tunnel and the adjacent road gallery. The modified route of Zabovieskd street is led in a north-south
direction through the Svratka river valley, in flat terrain at the location of the existing I/42 road and tram line, and then diverts the tunnel to
the area of a former quarry. The tunnel was driven using the NATM method in Proterozoic conditions of the Brno massif using blasting. The
work on the tunnel was affected by the covid and post-covid conditions that the construction had to cope with. They resulted into atypical
solutions that ultimately enabled the creation of an interesting underground structure [1], [2].

1. ZAKLADNI UDAJE O STAVBE 1. BASIC CONSTRUCTION DATA
Stavba: 1/42 Brno VMO Zabovieska I, etapa 11 Project: 1/42 Brno LCRR Zabovieska I, stage 11
« Investor: Reditelstvi silnic a ddlnic Ceské republiky, Statutarni * Project owner: Directory of Roads and Motorways of the
mésto Brno Czech Republic, Statutory City of Brno
e Technicky dozor: MORAVIA TDI MID, SHP TS s.r. o.,  Technical Supervision: MORAVIA TDI MID, SHP TS s. 1. 0.,
SAFETY PRO s. r. 0., Brnénské komunikace a. s. SAFETY PRO s. 1. 0., Brnénské komunikace a. s.
+ Dodavatel: ,,Spole¢nost Zabovieskd — EUROVIA + HOCHTIEF
+ SUBTERRA*
* Smluvni podminky: FIDIC — Red Book — ~—ar
« Zpracovatel RDS: METROPROJEKT Praha a. s. stavba Bmo, Vil Saboeské I etapa —_ BLAtc Vol méstt okt Sutary
* Geotechnicky monitoring: GEOtest, a.s. a INSET s.r.o. o vrsska stagell \ih‘“ ‘\La
y 8 ) , stag -
Dvoukolejny tramvajovy tunel dlouhy 500 m, prochizejici ost- - \\
rohem Wilsonova lesa v Brné — Zabovieskach uvoliiuje prostor sti- -
vajiciho tramvajového t&lesa ke zkapacitnéni pozemni komunikace s B Zabavfesky

Velkého méstského okruhu (obr. 1, 2). M jeden tubus, je z vétsi
Casti razeny, ale témér tretinu jeho celkové délky tvorfi hloubené
priportdlové dseky. Trasa s protismérnymi oblouky je provedend
v podélném sklonu 0,5 %, stfechovité, s rozteci os koleji 3,1 m. |
Tramvajovy svrsek v tunelu tvofi pevna jizdni draha s pruzné ulo- galere (odkryto)
7enymi 7labkovymi kolejnicemi. galleyuncoverad)

V razené i presypané Casti tunelu jsou umistény Cistici vyklenky
pro rubovou drenaz, slouzici soucasné€ jako vyklenky pozérni, sou-
¢asti tunelu jsou razené rozvodny NN R1 a NN R2 s napojenim na
unikovou $tolu. V obou portalovych ¢astech tunelu jsou vyklenky
pro uloZeni ru¢nich kolejovych voziki pro jednotky HZS, ptipadné
pro servisni a udrzbarské prace.

Unikova §tola je navrZend jako chranéna cesta pro dnik osob
z tramvajového tunelu v pfipadé havérie, poZaru nebo jiné mimo-
fadné udalosti. Svétlé rozméry unikové Stoly pro pohyb osob jsou Pigarky |
1,7 x 2,5 m, délka je 55,47 m, vylstuje v silni¢ni jednostranné | op. 1 Umisténi stavby
galerii v mist€¢ nouzového servisniho zalivu. Nechrdnéné tnikové | Fig. I Construction location

silnice 11/42, Brno, VMO Zaboveska |, I. etapa
road 1/42, project /42 Brno LCRR Zabovreska |, stage |

tramvajovy tunel
I‘] tram tunnel

l

»

Srnico

Brno

Velky méstsky okruh Praha, Wien
Large city circle road Prague, Wien
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Obr. 2 Pohled na severni hloubenou Cdst a portdl iinikové Stoly
Fig. 2 View of the southern cut-and-cover part and the portal of the escape adit

cesty v tunelu tvoii oboustranné chodniky §itky min 1,0 m po-
dél tramvajové trat€. Povrch chodnikl je z monolitického betonu
v protiskluzové tpraveé.

Svislé stény portald tunelu a navazujici vnitfni klenbové Casti
tunelu do vzdalenosti cca 50 m od dsti portdll jsou zevniti opatieny
protihlukovym obkladem (obr. 3). Jedna se o perforované hlinikové
lamely s mineralni vlnou, tfida reakce na ohen A.

2. GEOLOGICKE POMERY

Zajmové uzemi patii do geomorfologické soustavy Brnénska
vrchovina. Z hlediska regionalné-geologického spada lokalita do
proterozoika brnénského masivu. Litologicky se jedna o leukoto-
nality (typ Jundrov) az kvarcdiority a metabazalty. Hornina zasti-
Zené razenim tunelu byla vyrazn€ porusend, predevsim tektonicky,
coz negativn¢ ovliviiovalo postup razeb a vedlo k nadvylomim.
Geologické podminky a umisténi stavby podrobnéji popisuje Cla-
nek [1].

3. RAZENY TUNEL ZABOVRESKA

Tunel byl raZzeny Novou rakouskou tunelovaci metodou. Reali-
zace tunelu v primarnim osténi byla v zadavaci dokumentaci [3]
dana podle kvality horninového prostredi tfemi predpokladanymi
technologickymi tfidami vyrubu (TTV) I, II a III. Projektem pied-
pokladané zastizeni TTV bylo pro kazdou tfidu priblizné 1/3 délky
tunelu. Rozpojovani horniny bylo provadéno jak s vyuzitim trha-
cich praci, tak i strojnim rozpojovanim, s mechanickym doc¢isténim
lice vyrubu. Profil tunelu byl horizontalné ¢lenény na kalotu a opé-
i (lavku). RaZzba tunelu probihala od severniho portdlu smérem
k jihu.

Pro primarni osténi byl navrzeny stiikany beton SB25 pevnostni
tridy C20/25 s oborem nérlstu pevnosti J2 a stupném vlivu prostie-
di XAl. Jako vyztuz byly v TTV II a TTV III pfedepsany ocelové
svafované KARI sité @ 6/100x100 do osténi tl. 200 mm. Pro osténi
tl. 100 mm v TTV I bylo alternativné pocitdno s vyuZitim stfika-
ného betonu s rozptylenou vyztuZi. Takovy postup byl podminén

» Contractor: “The consortium of Zabovieski — EUROVIA
+ HOCHTIEF + SUBTERRA”

e Contractual conditions: FIDIC — Red Book

* Author of detailed design: METROPROJEKT Praha a. s.

* Geotechnical monitoring: GEOtest, a.s. and INSET s.r.o.

R et

Obr. 3 JiZni portdl raZeného tunelu
Fig. 3 Southern portal of the mined tunnel



32. rocnik - €. 1/2023

dopracovanim dodatku ke statickému vypoctu. Na zakladé prukaz-
nich zkousek zhotovitele byl nakonec pouZit. Razba a primérni za-
jisténi tunelu jsou podrobné popsany v ¢lanku [2].

4. REAKCE ZHOTOVITELE NA COVID-19 A NEDOSTATEK
MATERIALU

Price na tunelu Zabovieska zacaly v tinoru 2021, ve vrcholici se-
zoné covid-19. Svétova pandemie postihla rovnéZ vyrobni odvétvi,
coz mélo vliv na nedostatek n€kterych materialti potfebnych pro
kontinualni postup praci (nejen) na Zabovieském tunelu. Tym zho-
tovitele proto zacal hledat feSeni, kterd by utlumila dopady krize
na pribéh vystavby. Ke ,,covidovym* pri¢indm pfistoupily potize
zpusobené kvalitou horninového masivu, ktera byla nizsi, nez jak ji
predpokladala zadavaci dokumentace.

TTV se liSily jak postupem rozpojovani horniny, tak typem
apoctem (vykonem) zajiStovacich prvka. Na zakladé vSech dostup-
nych informaci o geologickych a hydrogeologickych pomérech byl
v zaddvaci dokumentaci stanoven piedpoklddany rozsah vyuZiti
jednotlivych tfid vyrubu. Soucasti provadéni praci v souladu s na-
vrzenym feSenim byl stily geotechnicky monitoring (GTM). Na
zakladé jeho tdaji byla v konkrétnim misté persondlem zhotovite-
le a spravcem stavby dusledné a prabézné potvrzovana ¢i v piipadé
potfeby ménéna navrzena TTV, tzn. zplsob a zajisténi razby tune-
lu. Tim byl také aktualizovan plan zatfidéni raZeb.

Pro vyrazeni prvnich 15 m tunelu pod ochranou mikropilotové-
ho destniku byla predikovana TTV II, ale skutecné zastiZend byla
TTV III. TTV II byla celym tunelem zastiZena jen na piiblizné
27 m délky a TTV I nebyla zastiZena vibec. Pfitom projekt pied-
pokladal cca tfetinové zastoupeni TTV- viz vySe. UZ asi po mésici
razeb tak byla prekrocena predpokladana spotfeba materidlu. Do
toho pfisly ,,covidové® problémy s doddvkou materidlu pro vyztu-
Zeni osténi — tzn. se svorniky a KARI sitémi.

Tym zhotovitele proto jiz v pribéhu razeb pozadal o doplnéni
statického vypoctu o alternativni vyuZiti polypropylenovych (PP)
vldken u TTV II a TTV III. Soucasti byl také prepocet zkraceni
systémového kotveni z délky 6,0 m na 4,0 m, vzhledem k doposud
naméfenym konvergencim, které se pohybovaly v rozmezi od 1,5
do 2,5 mm. Kone¢na konvergence vyrubu tunelu do ustidleni po
ukonceni razeb byla velmi nizkd, v priméru 2 azZ 9 mm.

Mezi nejvyznamnéjsi zmény, vychézejici ze skutecného chovani
horninového masivu pii razbé a reflektujici soucasné realitu ,,covi-
du* tak patfilo vyuziti PP vldken v primarnim osténi tunelu, mimo
tfidu TTV I a tnikovou Stolu a pouZiti prefabrikovanych drendz-
nich systému.

5. VYUZITi PP VLAKEN V PRIMARNIM OSTENI TUNELU

Na zdkladé zadani zhotovitele byly provedeny prikazni zkousky
stitkaného vlaknobetonu s PP vldkny MasterFiber 151, provadé-
ného mokrym procesem (obr. 4). Prikazni zkousky se uskutecnily
jiz dva mésice pred predpoklddanym zahdjenim razeb. Byly nastii-
kany zkuSebni desky (obr. 5), na kterych probihalo méfeni narstu
pevnosti v Case, a ze kterych byly nasledné v laboratofi odvrtany
a nafezany zkuSebni vzorky pro stanoveni vlastnosti matérie.

Betonova smés SB25 J2 pro mokry zptsob stiikani, urcena pro
prvni vrstvu primarniho osténi, byla vyrobena na betonérce podle
receptury zadané zhotovitelem. Pro druhou vrstvu osténi a osté-
ni dnikové Stoly byla vytvofena receptura FSB25 J2, spocivajici
v pouziti PP vldkna o mnoZstvi 6,0 kg/m?®. Ze smési byly na stavbé
odebirdny vzorky pro stanoveni konzistence, objemové hmotnosti,
a vyrobeny zkuSebni desky.

Tuel

The 500m long double-track tram tunnel passing through the
promontory of the Wilson Forest in Brno — Zaboviesky vacates the
space of the existing tram body to increase the capacity of the road
network of the Large City Ring Road (Fig. 1, 2). It has one tube,
it is mined for the major part, but almost a third of its total length
is formed by cut-and-cover portal sections. The route with counter
curves is carried out on a longitudinal slope of 0.5%, saddle roof-
like, with a track axes spacing of 3.1m. The tram trackwork in
the tunnel consists of a slab track with elastically born grooved
rails.

Cleaning recesses for reverse-side drainage are located in the
cut-and-cover and false parts of the tunnel, which also serve as
fire protection; the tunnel includes mined distribution substations
LV R1 and LV R2 with connections to an escape adit. In both
portal parts of the tunnel, there are niches for storing handcars for
Fire Rescue Service, and possibly for service and maintenance
work.

The escape adit is designed as a protected route for people to
escape from the tram tunnel in the event of an accident, fire or
other emergency. The dimensions of the finished escape adit for the
movement of people are 1.7 x 2.5m, the length is 55.47m; it ends
in a one-sided road gallery in the place of the emergency service
lay-by. Unprotected escape routes in the tunnel are formed by two-
sided walkways with a width of at least 1.0m along the tram line.
The surface of the walkways is made of monolithic concrete with
non-slip surface.

The inner surface of the vertical walls of the tunnel portals and
the connected inner vaulted parts of the tunnel up to a distance of
approximately 50m from the portal exits are provided with noise
attenuation cladding (Fig. 3). Perforated aluminum lamellas with
mineral wool, reaction to fire class A, are used for the cladding.

2. GEOLOGICAL CONDITIONS

The area of interest belongs to the geomorphological system
of the Brno Highlands. From a regional-geological point of
view, the site belongs to the Proterozoic period of the Brno
massif. Lithologically, there are leucotonalites (Jundrov type) to
quartzdiorites and metabasalts. The rock encountered in the tunnel
by the excavation was significantly affected, especially tectonically,
which negatively affected the progress of the excavations and led to
overbreaks. The geological conditions and location of the project
are described in more detail in paper [1].

3. ZABOVRESKA MINED TUNNEL

The tunnel was driven using the New Austrian Tunnelling
Method. The construction of the tunnel in the primary lining
was given in the tender documents [3] according to the quality
of the rock environment by three assumed excavation support
classes (TTV) I, II and III. The encountering of each excavation
support class anticipated by the design was approximately 1/3 of
the length of the tunnel for each class. The disintegration of the
rock was carried out both with the use of blasting and mechanical
disintegration, with mechanical cleaning of the excavation face.
The profile of the tunnel was divided horizontally into a top
heading and a bench. The tunnel excavation proceeded from the
northern portal towards the south. Sprayed concrete SC25 of
strength class C20/25 with strength increase range J2 and degree of
environmental influence XA1 was designed for the primary lining.
As reinforcement, KARI steel welded mesh @ 6/100x100 was
prescribed in excavation support classes II and III to the 200mm
thick lining. For the lining 100mm thick in excavation support




Obr. 4 Ndstrik zkuSebni desky z vidknobetonu na stavbé
Fig. 4 Spraying fibre reinforced conrete for a test plate on the construction site

Obr. 5 Cerstvy vidknobeton
Fig. 5 Fresh fibre reinforced concrete

Zakladni receptura byla urcend pro statickou funkci materidlu
D3S1. Definice podminky D3S1 znamena pfi zatiZeni zkuSebniho
télesa v laboratoti 3 MPa prihyb nejvyse 1 mm. Této podminky bylo
dosazeno. Pevnost v tahu za ohybu stiikaného vldknobetonu tak
byla stanovena na zédklad¢ zkouSek. Projektantem RDS (realiza¢ni
dokumentace stavby) byla do vypoctu zvolena jako stfedni hodnota
tahové pevnosti );m 4 bevnost ]ZJ = 4,8 MPa, odpovidajici minimalni
hodnoté ohybové tnosnosti pfi vzniku prvni trhliny. Tato hodnota
byla vybrana na zdkladg literarni reSerSe tahové pevnosti vlaknobe-
tonu a dritkobetonu. B&Zné je totiZ uvadéna tahova pevnost mensi,
neZ vyplynulo ze zkousek provedenych na zkusebnich télesech. Jako
rezidudlni hodnota tahové pevnosti ];L s pak byla zvolena zbytkova
ohybova tnosnost f, = 1,8 MPa, odpovidajici primérné hodnoté ze
zkouSek provedenych na zkuSebnich télesech (Tab. 1).

Pfi realizaci byla nahrazena vnitini vrstva KARI sité PP vldknem
davkovanym 6 kg/m®. Vyhody, které z toho vyplynuly, byly dvé.
Pouziti vlaken jednak vyfesilo problémy s v€asnymi dodavkami
dostate¢ného mnozstvi KARI siti na stavbu a soucasné se zajistil
kontinudlni postup razeb vedouci k dokonceni v planovaném ter-
minu. A nejen to — sumarné byly razby zkraceny o jeden mésic, na-
vzdory zahdjeni proti planu o mésic pozdéji. Stiikany beton s roz-
ptylenou PP vyztuzi byl pouZit i v primédrnim osténi $toly.

6. VYSTAVBA TUNELU DVEMA TECHNOLOGIEMI
SOUCASNE

Prace na presypané Casti na severu tunelu byly zahijeny tésné
pred zaCatkem raZeb. Technologicky tak Slo o dva tunely — prvni
vznikajici na povrchu (od provizorniho portdlu razené ¢asti k defi-
nitivnimu portdlu) a druhy uvnitf hory. Nezbytny manipulacni pro-
stor pred vstupem do razeného tunelu byl zajistén zatimnim vyne-
chanim ¢ty dilatacnich blokt presypaného tunelu v souhrnné délce
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class I, it was alternatively calculated to use fibre-reinforced
shotcrete. Such a procedure was conditioned by the completion
of an appendix to the static calculation based on the contractor‘s
preconstruction tests; it was finally applied. The excavation
and primary lining of the tunnel are described in detail in the
paper [2].

4. CONTRACTOR'S RESPONSE TO COVID-19
AND MATERIAL SHORTAGES

Work on the Zabovieska tunnel began in February 2021, at the
top of the covid-19 season. The global pandemic also affected the
manufacturing sector, which had an effect on the lack of some
materials needed for the continuous progress of work (not only)
on the Zabovieskd tunnel. The team of contractors therefore
began to look for solutions that would dampen the effects of
the crisis on the course of construction. Difficulties caused by
the quality of the rock mass, which was lower than anticipated
by the tender documents were added to the “covid” causes. The
excavation support classes differed both in the rock disintegration
procedure and in the type and number (strength) of supporting
elements. On the basis of all available information on geological
and hydrogeological conditions, the expected range of the use of
individual excavation support classes was determined in the tender
documents. Based on its data, the contractor’s and construction
manager’s staff consistently and continuously confirmed or, if
necessary, changed the designed excavation support class, i.e.
the method and tunnel excavation support, in a specific location.
In this way the excavation classification plan was also updated.
Therefore, the contractor’s team already requested during
excavations that an alternative use of polypropylene (PP) fibres
was added to the static calculation of the excavation support classes
IT and III. A recalculation of the reduction of the length oof the
system of anchoring from 6m to 4m taking into consideration the
convergences measured so far, which ranged from 1.5 to 2.5mm.
The final convergence of the tunnel excavation after stabilisation
after the completion of excavations was very small, averaging
2 to 9mm.

Among the most significant changes, based on the actual
behaviour of the rock mass during excavation and simultaneously
reflecting the reality of “covid”, was the use of PP fibres in the
primary lining of the tunnel, excepting support class I and the
escape adit, and the use of prefabricated drainage systems.

5. USE OF PP FIBRES IN THE PRIMARY TUNNEL LINING

On the basis of the contractor’s specification, preconstruction
tests of fibre reinforced shotcrete with MasterFiber 151 PP fibres,
using the wet process, were carried out (Fig. 4). Preconstruction
tests were already carried out two months before the expected start
of mining. Test plates (Fig. 5) were sprayed, on which the strength
increase over time was measured, and from which test samples
were subsequently drilled and cut in the laboratory to determine
the properties of the material.

SC25 J2 concrete mix for wet spraying, intended for the first
layer of the primary lining, was produced in a concrete batching
plant according to the formula specified by the contractor. The
FSC25 J2 formula consisting of the use of PP fibres in the amount
of 6.0kg/m* was developed for the second lining layer and the
lining of the escape adit. Samples were taken from the mixture on
the construction site to determine the consistency and bulk density,
and test plates were made.
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Tab.1 Vyhodnoceni zkouSek stiikaného vidknobetonu
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32 m (obr. 6). Po slavnostni proraZce razené Casti byla zprovoznéna
jizni strana pro nezbytnou logistiku a zahéjily se prace na zbylych
Ctyfech blocich s definitivnim uzavienim tunelu do jednoho cel-
ku. Pfed tim musela byt dokoncena rubova drendZ a hydroizolace
v raZzené Cdsti pro navazani hydroizolace z vnitini strany raZené
¢asti na vnéjsi povrch presypaného tunelu. K oddilatovani zde po-
slouzila gumova hadice @ 73 mm, poloZena na presahujici fale$né
primérni osténi (predstitek) a izolace obou ¢asti tunelu mohly byt
spojeny.

Rubovou drendZ v razeném tunelu tvoii predem tvarované profi-
ly na bazi tuhého polyvinylchloridu (PVC-U). Zakladni thelnik je
poloZeny na podkladni beton. Do néj se vloZi drendZni perforovana
trouba a provede se obsyp téZenym Stérkem frakce 16/32. K takto
pfipravené konstrukci byla nasledné teplotnim svarem uchycena
hydroizola¢ni folie.

7. REALIZACE NEVYZTUZENEHO SEKUNDARNIHO
OSTENI

Sekundarni osténi razeného tunelu je nevyztuZené, vyjma Ctyf
blokt — obou portdlovych, a dvou blokd s napojenim na rozvod-
nu R1 a R2 s unikovou Stolou, které jsou vyztuzené. Pro betoniz
klenby tunelu byla pouzita ocelova forma délky 8 m, pro presypané
¢asti bylo pouZito navic bednéni rubu osténi. Jeden betondZni takt
trval do 24 hodin, vcetné najeti formy, jejiho ocisténi, betonaze
a odbednéni. Pro pfesypanou ¢ast sekundarniho osténi byla zpra-
covana receptura s hodnotou konzistence S5 betonové smési. Pro

The basic formula was intended for the static function of
the D3S1 material. The definition of condition D3S1 means a
deflection of no more than 1mm when the test specimen is loaded
by 3MPa in the laboratory. This condition was met. The flexural
tensile strength of fibre reinforced sprayed concrete was thus
determined on the basis of tests. The designer of the detailed design
chose the strength f//) = 4, 8MPa as the mean value of the tensile
strength f, ., corresponding to the minimum value of the bending
capacity at the appearance of the first crack. This value was chosen
on the basis of a literature search of the tensile strength of fibre
reinforced concrete and steel fibre reinforced concrete. Usually,
the stated tensile strength is lower than the strength resulting from
the tests carried out on test specimens. As the residual value of
the tensile strength . the residual bending capacity f, = 1,8
MPa was chosen, corresponding to the average value from the tests
performed on the test specimens (Tab. 1).

During construction, the inner layer of the KARI mesh was
replaced by PP fibres dosed at 6kg/m®. Two advantages resulted
from this solution. On the one hand, the use of fibres solved the
problems with the timely delivery of a sufficient amount of KARI
mesh to the construction site, and at the same time, it ensured a
continuous tunnel excavation process leading to the completion
on the planned date. And not only that — in total the excavation
duration was shortened by one month, despite starting a month
later in comparison with the schedule. Sprayed concrete with PP
fibre reinforcement was also used in the primary lining of the
adit.




Obr. 6 Pracovni mezera mezi raZenym a presypdvanym tisekem — pohled z presypdvaného tunelu
Fig. 6 Working gap between the mined tunnel and false tunnel — viewed from the false tunnel

spravné technologické provedeni sekundarniho osténi s omezenim
tvorby trhlin byl zvoleny nésledujici postup [4]:
* zvolend kratsi délka past 8 m, dand malymi poloméry trasy
(190 m) a potfebou omezeni vzniku trhlin;
* pouziti mezilehlé f6liové izolace mezi primdrnim a sekundér-
nim osténim;
* pouiti betonové smési s nizkym hydrata¢nim teplem;

Obr. 7 Vystavba pevné jizdni drdhy
Fig. 7 Construction of slab track
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6. TUNNEL CONSTRUCTION
USING TWO TECHNOLOGIES
SIMULTANEOUSLY

Work on the false part in the north
of the tunnel started just before
the start of the mining operations.
Technologically,
tunnels — the first originating on the
surface (from the temporary portal
of the mined part to the definitive
portal) and the second one inside
the massif. The handling space
necessary before entering the mined
tunnel was ensured by the temporary
omission of four expansion blocks of
the false tunnel with a total length of
32m (Fig. 6). After the ceremonial
breakthrough of the mined part, the
southern side was put into operation
for the necessary logistics and work
began on the remaining four blocks
and the final closing of the tunnel
into one unit. Before that, reverse-
side drainage and waterproofing in
the mined part had to be completed
in order to connect the waterproofing
from the inside of the mined part to
the outer surface of the false tunnel. A @ 73mm rubber hose was
used for the expansion here. It was placed on the protruding false
primary lining (pre-tunnel canopy) and the waterproofing of both
parts of the tunnel could be joined.

The reverse-side drainage in the mined tunnel consists of in-
advance formed profiles based on rigid polyvinyl chloride (PVC-U).
The basic angle is placed on the underlying concrete, a perforated
drainage pipe is inserted into it and is backfilled with excavated
gravel fraction 16/32. A waterproofing membrane was then attached
by thermal welding to the structure prepared in this way.

there were two

7. CONSTRUCTION OF UNREINFORCED FINAL LINING

The final lining of the mined tunnel is unreinforced, except for
four blocks — both portal blocks, and two blocks connected to
substations R1 and R2 with the escape adit, which are reinforced.
An 8m long steel formwork was used for the concreting of the tunnel
vault. The formwork on the reverse side of the lining was used in
addition for the false tunnel parts. A formula with a consistency
value S5 of the concrete mixture was developed for the false tunnel
part of the final lining. The following procedure was chosen for the
correct technological execution of the secondary lining with the
limitation of cracking [4]:

* the chosen shorter length of the blocks of 8m, given the small

radii of the route (190m) and the need to limit cracking;

¢ the use of intermediate waterproofing membrane between the

primary and final linings;

* the use of a concrete mixture developing a low hydration heat;

e the use of a concrete mixture with a slow strength buil-up in

the initial period after concreting;

e striking the formwork when the concrete strength is around 3

to SMPa;

 curing of concrete after formwork is removed with a focus

on limiting its drying and alleviating the thermal shock (air-
conditioned travellers);
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e pouziti betonové smési s pomalym nabéhem pevnosti v poca-

te¢nim obdobi po betonazi;

¢ odbednéni formy pfi pevnosti betonu okolo 3 az 5 MPa;

e oSetfovani betonu po odbednéni se zaméfenim na omezeni

jeho vysychani a zmirnéni tepelného Soku (klimavozy);

e pouziti bedniciho vozu s plastém dobré tepelné vodivosti

(ocel).

V tunelu bylo omezeno proudéni vzduchu zavésenim pasi geo-
textilie na portalech a také pred a za bednici formou. Od pfelomu
klimatického obdobi podzim/zima byla dile vyuZivana vyhievna
télesa v min. poctu 4 ks, umisténd ptimo ve formé. Po odbednéni
a posunuti byly za formou taZeny klimavozy, opatiené nafukovaci-
mi manzetami pro utésnéni prostoru mezi licem osténi a plastém
vozu. Po odbednéni zrajiciho betonu byl na povrch nanesen pri-
pravek MasterKure 220 zamezujici vypar vody. V obdobi podzim/
zima byly aplikovany vrstvy dveé.

Zv1astni pozornost byla vénovana v zimnich mésicich dodrzova-
ni teploty betonu na stavbe, kterd nesméla klesnout pod 16 a7z 18 °C.
Proto bylo nutné na betonarce ohfivat zdmésovou vodu. Nicméné
i pres to dokézala teplota betonu v zimnich mésicich vyrazné zpo-
malit nebo naopak zrychlit nabéh pevnosti betonu a postup praci.
Zvlastni pozornost byla vénovana také vztlakovym silam od beto-
nu uloZeného ve formé. To vyZadovalo stavét formu nize — o 1 az
3 cm pod teoretickou hranu sekundéarniho osténi. NedodrZeni tohoto
kroku mohlo zputsobit trhlinu v sousedici klenbé s dosud relativné
Cerstvym betonem. Dals§im poZadavkem, a to nejen z estetickych
davodu, bylo disledné dbat na dikladné ¢isténi povrchu formy. Do-
koncené sekundarni osténi s pevnou jizdni drdhou je na obr. 7.

Pro spravny ¢as odbednéni byl nérGst pevnosti betonu kontrolo-
van Schmidtovym kladivkem s ndstavcem pro nizké pevnosti do
5,0 MPa. Probéhly také ovérovaci zkousky nabéhové pevnosti be-
tonové smési v laboratofi. Odbediovani tak probihalo v souladu se
ziskanymi hodnotami.

8. ZAVER

Zaboviesky tramvajovy tunel byl v mnoha ohledech specificky.
Navzdory vSem problémim byla hrubd stavba tunelu ukoncena
podle harmonogramu. VyuZiti rozptylenych PP vldken se ukazalo
jako vhodna alternativa k tradi¢ni ocelové vyztuzi, a to i ve vel-
mi rozpukanych skalnich hornindch. Stavba se diky tomuto feseni
znacné urychlila. K ¢asové uspore prispé€lo také pouziti prefasys-
tému rubové drenaze. Casové se stavba tunelu od prvniho kopnuti
do zemé po posledni velkou betondz odehrala v horizontu jednoho
roku, konkrétné od tnora 2021 do inora 2022. Zvladnuti probléma
na stavbé by také nebylo mozné bez vyborné spoluprace s inves-
torem, jeho technickym dozorem, zpracovatelem RDS, geotech-
nickym monitoringem a ostatnimi ¢leny sdruZeni EUROVIA —
HOCHTIEF — SUBTERRA.

Ing. DALIBOR STROMCEK, DStromcek@subterra.cz,
Ing. ANDRE] KORBA, AKorba@subterra.cz, Subterra a.s.
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e the use of a tunnel form traveller with a good thermal con-

ductivity (steel) shell.

Air flow was restricted in the tunnel by hanging geotextile strips
at the portals as well as in front of and behind the formwork.
Since the turn of the autumn/winter climatic period, a minimum
of 4 heaters installed directly in the formwork were used. After
striking the formwork and shifting it, air-conditioned travellers
were pulled behind the formwork, equipped with inflatable sleeves
to seal the space between the surface of the lining and the mantle
of the traveller. After stripping the curing concrete, MasterKure
220 preventing water evaporation was applied to the surface. In the
autumn/winter period, two layers were applied.

Special attention was paid in the winter months to maintaining
the temperature of the concrete on the construction site, which was
not allowed to drop below 16 to 18°C. Therefore, it was necessary
to heat the mixing water at the batching plant. However, despite
this, the temperature of the concrete in the winter months was
able to significantly slow down or, on the contrary, speed up the
development of concrete early strength and the progress of work.
Special attention was also paid to the buoyancy forces exerted
by the concrete cast in the formwork. This required building the
formwork lower, — 1 to 3cm below the theoretical edge of the
secondary lining. Failure to follow this step could have caused a
crack in the adjacent vault where the concrete was still relatively
fresh. Another requirement, and not only for aesthetic reasons, was
to consistently pay attention to the thorough cleaning of the surface
of the formwork. The completed secondary lining with a slab track
is shown in Fig. 7.

For determining the correct striking time, the increase in concrete
strength was checked with a Schmidt hammer with an attachment
for low strengths up to 5.0MPa. Verification tests of the early
strength of the concrete mixture were carried out in the laboratory.
The striking of the formwork took place in accordance with the
obtained values.

8. CONCLUSION

The Zabovieska tram tunnel was specific in many ways. Despite
all the problems, the tunnel was structurally completed according
to the schedule. The use of PP fibre reinforcement has proven to
be a suitable alternative to traditional steel reinforcement, even in
highly fractured rock. Thanks to this solution, the construction was
considerably accelerated. The use of the prefabricated system of
reverse-side drainage also contributed to time savings. In terms of
time, the construction of the tunnel, from breaking the ground to the
last major concreting, took place over a period of one year, namely
from February 2021 to February 2022. Coping with the problems
on the construction site would also not be possible without excellent
cooperation with the client, his technical supervision, author of the
detailed design, geotechnical monitoring and other members of the
EUROVIA — HOCHTIEF — SUBTERRA consortium.

Ing. DALIBOR STROMCEK, DStromcek@subterra.cz,
Ing. ANDRE] KORBA, AKorba@subterra.cz, Subterra a.s.
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REKONSTRUKCE CTYR ZELEZNICNICH TUNELU NA TRATI
BRNO-MALOMERICE-ADAMOV
RECONSTRUCTION OF FOUR RAILWAY TUNNELS ON THE LINE
BRNO-MALOMERICE — ADAMOV

LINDA CERNA VYDROVA

ABSTRAKT

Cldnek se soustieduje na prdce provddéné firmou Subterra, Divizi 1, na ctyfech tunelech Zeleznicni trati mezi Brnem a Blanskem v letech
2021-2022. Zmiriuje historii vystavby tunelii a diivody, které vedly k jejich priibéZnym stavebnim vipravdam a rekonstrukcim. Strucné jsou
popsdny geologické a hydrologické pomery dotceného tizemi. TeZistém prispévku je pak popis provddeéni odvodriovacich a injektdZnich
praci. Soucasné jsou rdmcové uvedeny cinnosti, které bylo nutné provést v portdlovych i tunelovych iisecich sanovanych podzemnich dél.

ABSTRACT

The article focuses on works carried out by Subterra, Division 1, performed on four tunnels of the railway line between Brno and
Blansko in 2021-2022. It mentions the history of the construction of the tunnels and the reasons that led to their ongoing construction
modifications and reconstructions. The geological and hydrological conditions of the area concerned are briefly described. The focus of
the paper is a description of dewatering and grouting works. At the same time, the works that had to be carried out in the portal and the
tunnel sections of the rehabilitated underground structures are outlined.

uvob

Stavba Brno-Maloméfice — Adamov je stavbou celostatniho vy-
znamu. Vyznam stavby spo¢ivd v zachovani provozuschopnosti
tratového useku, ktery je soucasti dilezitého 1. tranzitniho kori-
doru a mezinarodnich koridord RFC 5 a RFC 7. Trat je zaroven
zaclenéna do mezinarodni sit€¢ TEN-T.

Celkova délkaiseku zrekonstruovaného spolecnosti,, MALADA*
(sdruZeni firem Subterra a.s., Strabag Rail a.s. a Elektrizace Zelez-
nic Praha a.s.), prochazejiciho uzkym skalnatym tdolim feky Svi-
tavy, ¢ini 9,4 km. V ramci stavby probéhla kompletni rekonstrukce
Zelezni¢niho svrsku, Castecné i spodku, vystavba nové odbocky
Svitava a komplexni tprava zastavek Bilovice nad Svitavou a Ba-
bice nad Svitavou. Déle byla provedena rekonstrukce vybranych
mostnich objekti, vSech Ctyf tuneld, 16 opérnych a zarubnich zdi.

INTRODUCTION

The Brno-Maloméfice — Adamov railway line is a structure
of national significance. The importance of the structure lies in
maintaining the operability of the line section, which is part of the
important 1st transit corridor and the international corridors RFC 5
and RFC 7. The line is also integrated into the international TEN-T
network.

The total length of the section reconstructed by “MALADA” (a
joint venture of Subterraa.s., Strabag Rail a.s. and Elektrizace Zeleznic
Praha a.s.), passing through the narrow rocky valley of the Svitava
River, is 9.4km. As part of the project, a complete reconstruction of
the track superstructure, partly also of the subgrade, construction of
the new Svitava branch line and comprehensive modification of the
stops Bilovice nad Svitavou and Babice nad Svitavou took place.

Furthermore, the reconstruction of

selected bridge structures, all four
tunnels, 16 retaining walls was car-

ADANRY Babice ‘A - ried out. In the length of more than
nad Svitavou )
1,500 meters of the railway track,
Blanensky tunel €. 4 Blanensky tunnel no. 4 the rock Qlopeg were rehabilitated
Py N H
Q (Fig. 1).
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nad Svitavou
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Blanensky tunel ¢. 3 Blanensky tunnel no. 3

Blanensky tunel €. 2 Blanensky tunnel no. 2

Blanensky tunel €. 1 Blanensky tunnel no. 1

The construction of the railway
line Brno — Ceska Tfebovd by the
private company “Severni drdhy
cisafe Ferdinanda” was started in the
fall of 1843. The construction of the
most complex section between Brno
and Blansko, 21km long, was won
in a public competition by the Italian
businessman Felice Tallachini with
a budget of 283,000 gold coin. The

1
Om 100 m

1 ]
200 m 300 m

longer, but structurally easier part

Obr. 1 Prehlednd situace trasy Brno Malomérice — Adamov
Fig. 1 Overview of the Brno Malomérice — Adamov line

from Blansko to Ceska Trebova was
taken over by the Klein Brothers. The
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Obr. 2 Celkovy pohled na iidoli Feky Svitavy
Fig. 2 Overall view of the Svitava river valley

V délce vice nez 1 500 metr Zelezni¢ni trati byly sanovany skalni
svahy (obr. 1).

HISTORIE

Stavba Zelezni¢ni trati Brno — Ceskd Tfebova soukromou spoleg-
nosti ,,Severni drahy cisare Ferdinanda® byla zahdjena na podzim
roku 1843. Realizaci nejslozitéjSiho tseku mezi Brnem a Blan-
skem délky 21 km ziskal ve vefejné soutéZi italsky podnikatel Fe-
lice Tallachini s rozpoctem 283 000 zlatych. Delsi, ale stavebné
snadné&ji ¢ast z Blanska do Ceské Tiebové pievzali bratfi Kleino-
vé. Usek Maloméfice — Blansko vede okrajem Moravského kra-
su tizkym a skalnatym tdolim feky Svitavy (obr. 2), kde muselo byt
vybudovano deset tunelii o celkové délce 1 772 m a také 49 mosti.
Razba tuneltl byla provadéna ¢lenénym vyrubem pomoci rakouské
soustavy modifikované s uplatiiovdnim hornickych postupt pii za-
jistovani vyrubu. Geotechnické podminky byly na tehdejsi techno-
logii provadéni raZzeb extrémné ndro¢né. Za novou Zelezni¢ni trat
v tomto tseku zaplatilo Zivotem 22 délnikti a mnoho dalSich bylo
useku 0,16 m [3]. Ackoliv byly tunely postaveny pro dvojkolej-
nou traf, byla zde poloZena pouze jedna kolej. Pivodni zamér byl
uvést tuto trat do provozu nejpozdéji do konce roku 1846. K za-
hdjeni provozu na celé trati Brno — Ceska Tiebova viak doglo se
zpozdénim az 1. ledna 1849. Druha kolej byla poloZena v letech
18561858 [4].

Od 60. do 90. let 20. stoleti probihaly na trati piipravné prace
pro elektrifikaci, které spocivaly v piestavbé tuneld s cilem zvétse-
ni prijezdného prufezu. Rekonstrukce byly provadény za provozu
s jedinou koleji v ose tunelu, kolem které bylo postaveno paZeni.
Po zvétseni profilu nédsledovala stavba novych betonovych porta-
1d. V ramci tprav byl na pielomu 80. a 90. let 20. stoleti postaven
také novy tunel pod Novym hradem ¢. 8/2. VyraZen byl prsten-
covou metodou Vojenskymi stavbami Praha. Jedné se o paralelné
vedenou tunelovou troubu s pivodnim tunelem ¢. 8, jehoZ profil

zdroj fotoarchiv Subterra source Subterra photo archive

Maloméfice — Blansko section runs along the edge of the Moravian
Karst through a narrow and rocky valley of the Svitava River
(Fig. 2), where ten tunnels with a total length of 1,772m and also
49 bridges had to be built. Excavation of the tunnels was carried out
by sequential excavation using the Austrian system modified with
the application of mining procedures for supporting the excavation.
The geotechnical conditions were extremely demanding for the
technology of excavation at the time. In that section 22 workers paid
with their lives for the new railway line and many others were crippled
for life. The average daily progress was 0.2m, in the most difficult
section 0.16m [3]. Although the tunnels were built for a double-track
line, only one track was laid there. The original intention was to put
that line into operation by the end of 1846 at the latest. However,
the start of operation on the entire Brno — Cesk4 Tiebov4 line was
delayed until January 1, 1849. The second track was laid in the years
18561858 [4].

From the 1960s to the 1990s, preparatory works for the line
electrification took place, which consisted in rebuilding the tunnels
with the aim of increasing the minimum clearance outline. The
reconstructions were carried out simultaneously with one track being
operated in the tunnel, around which a partition wall was built. The
cross-section enlargement was followed by the construction of new
concrete portals. As part of the modifications, a new tunnel under
Novy Hrad No. 8/2 was also built at the turn of the 80s and 90s of
the 20" century. It was excavated by Vojenské Stavby Praha using the
ring method. It is tunnel tube running parallel with the original tunnel
No. 8, whose cross-section was not large enough to accommodate a
double-track electrified line.

In the years 1996-1999, the entire line Brno — Ceska Trebové was
electrified and modernized to become the first railway corridor.

REASON FOR THE RECONSTRUCTION OF THE TUNNELS

The use of poor-quality waterproofing materials and inappropriate
construction procedures during previous tunnel reconstructions
resulted in a significant reduction in operational availability. In 2021,
the tunnels showed a very poor structural-technological condition.



nebyl dostate¢né velky pro umisténi dvoukolejné elektrifikované
trati.

V letech 1996-1999 byla celd trat Brno — Ceska Trebova elek-
trifikovana a modernizovana do podoby prvniho Zelezni¢niho ko-
ridoru.

DUVOD REKONSTRUKCE TUNELU

Pouziti nekvalitnich hydroizola¢nich materidli a nevhodnych
stavebnich postupi pfi pfedchozich rekonstrukcich tuneld mélo za
nésledek vyrazné zkraceni provozni vyuZzitelnosti. Tunely vykazo-
valy v roce 2021 velmi Spatny stavebné-technicky stav. Jednalo se
zejména o statické naruseni obezdivky, prisaky podzemni vody na
lici osténi a s nimi spojené tkapy na trak¢ni vedeni i technologické
vybaveni v tunelech. V zimnim obdobi byl zaznamenavan vznik
rampouchtl ohroZujicich provoz a rozpinani ledu ve sparach nebo
prasklinach, ktery postupné porusoval osténi tunelu. Déale byly zjis-
tény dutiny za osténim zejména v mistech geologickych poruch,
degradace materiala osténi, nefunkéni odvodniovaci systém a naru-
Send povrchova stabilita skalnich svahil na portalech. Ackoliv se tu-
nely od sebe liSily svou konstrukei, nejvyznamnéjsi zaznamenané
typy poskozeni byly pro vSechny tunely spole¢né [1].

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Zajmova lokalita se nachazi, z regionalné geologického hledis-
ka, v oblasti brnénského masivu, ktery je zde zastoupen hlubinny-
mi magmatickymi horninami. Jedna se o biotitické a amfibol-bio-
titické granodiority typu Krilovo Pole a Blansko. Granodiority
jsou vétSinou narizovéle Sedé barvy (zplsobené Zivci), misty se
mohou nachazet i Zilné horniny — porfyry, vétSinou riZzové az na-
Cervenalé barvy. Horniny jsou zde nerovnomérné zvétralé, vyraz-
né&ji zvétralé jsou predev§im podél puklin, kde mohou byt silné
az zcela zvétralé, az charakteru hrubozrnného pisku. Skalni ma-
siv je vétSinou husté v§esmérné rozpukany, jednotlivé bloky maji
polyedricky tvar. Kvartérni pokryv pfi povrchu terénu nad tunely
je tvoren pouze malo mocnymi deluvidlnimi sedimenty a eluvii
(ccado 0,5 m) [2].

Podzemni voda v nadloZi a v prostoru tuneld komunikuje, bez
vzdjemné souvislosti, po pukliniach. Souvisld hladina podzemni
vody v misté tunel sice neexistovala, pii deStovych srazkach a tani
sn¢hu zde vSak dochazelo k lokdlnimu nasyceni puklin skalniho
masivu a prasakiim vody do tunelu [2].

SO 02-29-01 DVOUKOLEJNY TUNEL BLANENSKY C. 1

Blanensky tunel €. 1, zvany téz Obransky, se nachdzi nejblize
centru Brna. Je umistén v ostrém smérovém oblouku pod skalnim
vybézkem s prirodni pamatkou Obranska stran (obr. 3).

V puvodni podobé z roku 1848 mél tunel délku 80 m a ve
sméru od Brna byl osazen reprezentativnim empirovym porta-
lem z hladce otesanych bilych lomovych kvéadri. Tento portal byl
v roce 1989 zapsan na seznam kulturnich pamatek. Pii prestavbé
tunelu v roce 1996 byl rozebrin na jednotlivé ocislované kvadry
a bylo v planu jej nékde opétovné postavit, coz byla podminka
pamétkard. Dosud vSak neni jasné misto jeho uplatnéni a jednot-
livé kameny, jiZ bez pamatkové ochrany, smutné podléhaji vlivu
zubu Casu u kolejisté¢ v Maloméricich [4, 5]. Tunelova klenba
byla vyzdéna z cihel, opéry z lomového kamene. Hlavnim ci-
lem pfestavby v roce 1996 bylo zvétSeni prijezdniho profilu pro
elektrifikovanou trat. Vzhledem k nizkému nadlozi (5 az 14 m)
a vyskytu poruchovych z6n ve skalnim masivu zde doslo k reali-
zaci nakladnych technickych opatfeni k zajisténi stability. Jednalo
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These were mainly structural damage to the lining, groundwater
leaks on the lining face and related drips on contact lines and
technological equipment in the tunnels. During the winter, the
formation of icicles threatening traffic and expansion of ice in joints
or cracks was recorded, which gradually damaged the lining of the
tunnel. In addition, cavities behind the lining were found, especially
in places of geological faults, degradation of the lining materials, a
non-functional drainage system and disturbed surface stability of the
rock slopes at the portals. Although the tunnels differed structuraly,
the most significant types of recorded damage were common to all
tunnels [1].

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The site of interest is located, from a regional geological point
of view, in the area of the Brno massif, which is represented here
by deep igneous rocks. These are biotitic and amphibole-biotitic
granodiorites of the Kralovo Pole and Blansko type. Granodiorites
are mostly pinkish-grey in color (caused by feldspars), in some
places vein rocks — derivatives — porphyries, mostly pink to reddish
in color can be found. The rocks here are unevenly weathered, they
are more significantly weathered especially along the fissures, where
they can be heavily or completely weathered, to the character of
coarse-grained sand. The rock massif is mostly densely cracked in
all directions, the individual blocks have a polyhedral shape. The
Quaternary cover at the surface of the terrain above the tunnels
consists only of weak deluvial sediments and eluvium of small
thickness (approx. up to 0.5m) [2].

Groundwater in the overburden and in the area of the tunnels
communicates, without mutual inter-connection, along cracks.
Although there was no continuous groundwater level at the site of
the tunnels, during rainfall and snowmelt there was local saturation
of the fissures of the rock massif and water seepage into the tunnel

[2].

SO 02-29-01 DOUBLE-TRACK BLANENSKY TUNNEL
NO. 1

Blanensky tunnel No. 1, also called Obransky Tunnel, is located
closest to the center of Brno. It is located in a sharp horizontal curve
under the rock outcrop with the Obranska Strain natural monument
(Fig. 3).

Originally, from 1848, the tunnel was 80m long and, in the direction
from Brno, it was fitted with a representative Empire portal made of
smoothly hewn white quarry blocks. The portal was registered in
the list of cultural monuments in 1989. During the reconstruction
of the tunnel in 1996, it was dismantled into individual numbered
blocks and the plan was to re-assemble them in other location, which
was a requirement of the historic preservationists. However, the
location of the portal re-assembly is still not clear, and the individual
stones are sadly subject to the ravages of time without monument
protection at the railway yard in Maloméfice [4, 5]. The tunnel vault
was built of bricks, the abutments of quarry stone. The main goal of
the reconstruction in 1996 was to increase the structure gauge for
the electrified line. Due to the low overburden (5 to 14m) and the
occurrence of failure zones in the rock massif, expensive technical
measures were implemented to ensure stability. On one hand, it was
a series of permanent pre-stressed cable anchors (22 pieces) with a
length of approx. 40m drilled across, in the overburden, Furthermore,
double micropile umbrellas were made in the overburden of the
tunnel vault in the longitudinal horizontal direction from both portals.
They overlap each other approximately in the middle of the tunnel
for a length of 3.0m [1]. The rock was excavated in 1996 by the
controlled blasting technique. The new lining in the widened tunnel
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Obr. 3 Obranskd strdii nad Blanenskym tunelem ¢. 1
Fig. 3 Hillside Obranskd strdit above Blanensky Tunnel No. 1

se jednak o rfadu trvalych predepjatych pramencovych kotev
(22 ks) o délce cca 40 m provedenych v nadlozi, napric. Dale byly
v nadloZi klenby tunelu v podélném vodorovném sméru od obou
portall provedeny dvojité mikropilotové desStniky. Ty se pfiblizné
v poloving tunelu vzdjemné prekryvaji v délce 3,0 m [1]. Hornina
byla v roce 1996 rozpojovana trhacimi pracemi metodou fizeného
vylomu. Nové osténi v roz§ifeném profilu tunelu bylo v prevazné
¢asti provedeno ze stiikaného betonu s KARI sitémi a tyCovymi
kotvami o délce 2,5-3,5 m. Plocha pfi¢ného fezu nad temenem ko-
lejnice (déle jen TK) byla zvétSena na 71,72 m>. V prabéhu prova-
déni praci doslo k vykominovéani nadloZi v levé casti vjezdového
portélu a k zavalu v oblasti tunelového pasu €. 4. Sanace spocivala
v zaplombovani tunelového nadloZi betonem a dosypani do drov-
né terénu. Tunel byl dale na obou portédlech prodlouZen kratkymi
betonovymi tubusy (obr. 4). Jeho soucasné délka tak Cini 87,8 m.
Ditvodem prodlouzeni tunelu pred portdly byla ochrana pred pa-
dem tlomkl nebo skalnich blokt do prostoru koleji ze skalnich
stén, resp. odiezil.

V ramci soucCasné rekonstrukce bylo stavajici tunelové osténi
v celém rozsahu mechanicky a chemicky ociSténo. V raZzené ¢asti
byla provedena prediiprava povrchu vodnim paprskem a dorovna-
ni profilu tunelu stfikanym betonem. Nésledovalo osazeni KARI
siti kotvenych do vrti. Vyztuz byla zastfikdna srovnavaci vrstvou
jemnozrnného betonu SB30, na kterou byla poloZena v rozsahu
opéfi a klenby féliova izolace tloustky 3 mm. Izolace byla opat-
fena prichodkami pro kotevni trny pro upevnéni druhé vrstvy
KARI siti s naslednym vytvofenim findlni povrchové vrstvy ze
stifkaného betonu SB30 v tloustce 80 az 120 mm. Tunel nema
spodni klenbu. Pod kolejovym loZem se nachazi spadovy beton
tloustky 100 mm s pfi¢nym sklonem 2,5 %.

zdroj fotoarchiv Subterra source Subterra photo archive

cross-section was mainly made of sprayed concrete with KARI
meshes and rock bolts with a length of 2.5-3.5m. The cross-sectional
area above the top of the rail (hereinafter referred to as TK) was
increased to 71.72m?. During the execution of the works, a sinkhole
was formed through the overburden in the left part of the entrance
portal and a cave-in occurred in the area of tunnel section No. 4. The
remediation consisted of sealing the tunnel overburden with concrete
and backfilling to ground level. The tunnel was further extended on
both portals with short concrete tubes (Fig. 4). Its current length is
thus 87.8m. The reason for the extension of the tunnel in front of the
portals was to protect against debris or rock blocks falling into the

zdroj fotoarchiv Subterra source Subterra photo archive
Obr. 4 Novy portdl Blanenského tunelu ¢. 1
Fig. 4 The new portal of the Blanensky Tunnel No. 1




Nad obéma portaly tunelu a v jejich blizkosti byly skalni svahy
zafezu oCiStény od naletovych dievin a od zvétralych, uvolnénych
blok horniny. Po o¢isténi byly ¢asti stavajici ochrany skalnich za-
fezl odstranény. Nasledovalo definitivni zajisténi skalnich ploch
stifkanym betonem, opldsténi ochrannou plastickou miiZovinou
a ocelovou siti horolezeckym zptsobem.

Prurez portalovych tsekl byl zvétsen pro elektrifikovany dvoj-
kolejny tunel. Vodotésna izolace tunelu byla podle projektu napo-
jena na betonové portaly. Nakonec byl proveden sjednocujici natér
sanovanych Zelezobetonovych ploch.

SO 02-29-02 DVOUKOLEJNY TUNEL BLANENSKY C. 2

Blanensky tunel €. 2 (obr. 5), zvany téz Bilovicky, se nacha-
zi ve smérovém oblouku mezi Brnem a Bilovicemi nad Svitavou
a prochazi skalnim hibetem vychazejicim vychodnim smérem
z vrcholu kopce Hradisko do udoli Svitavy. Tunel byl postaven
v roce 1848 a mezi lety 1940 az 1996 prosel nékolika rekonstruk-

zdroj fotoarchiv Subterra source Subterra photo archive
Obr. 5 Portdl Blanenského tunelu ¢. 2 v pribéhu rekonstrukc
Fig. 5 Portal of the Blanensky Tunnel No. 2 during reconstruction

cemi. Celkova délka je 164,5 m
a plocha pficného fezu nad TK
¢ini 72,27 m% V mistech portala
byl prodlouzen betonovymi tubusy,
aby bylo zabranéno padu ulomkui
pfipadné celych skalnich blokd do
kolejisté. Skalni stény nad portaly
a v zafezu predportialového useku
byly zastfikdny betonem. V roce
1999 byl tunel elektrifikovan. Osté-
ni je zcasti Zelezobetonové, zCasti
ze stifkaného betonu (obr. 6). Re-
Seni sanace Blanenského tunelu €. 2
bylo obdobné jako pro tunel ¢. 1,
proto zde neni zvlast popisovano.

SO 04-29-01 DVOUKOLEJNY
TUNEL BLANENSKY €. 3

V roce 1848 byl postaven Blanen-
sky tunel s Cislem 3, zvany taktéz
Bilovicky (obr. 7), ktery je se svou

Obr. 6 Blanensky tunel ¢. 2
Fig. 6 Blanensky Tunnel No. 2
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track space from the rock slopes, or cut walls. As part of the current
reconstruction, the entire existing tunnel lining was mechanically
and chemically cleaned. In the excavated part, the surface was pre-
treated with a water jet and the profile of the tunnel was leveled with
sprayed concrete. This was followed by the installation of anchored
KARI meshes. The reinforcement was sprayed with a leveling layer
of SB30 fine-grained concrete, on which 3mm thick waterproofing
foil was laid in the span of the abutments and the vault. The
waterproofing was provided with grommets for anchors fixing the
second layer of KARI mesh with the subsequent creation of the final
surface layer of SB30 sprayed concrete with a thickness of 80 to
120mm. The tunnel has no invert lining vault. Under the track bed
there is a 100mm thick watershed concrete base slab with a cross
slope of 2.5%.

Above the two tunnel portals and near them, the rock slopes of
the open cut were cleaned of self-seeding trees and weathered, loose
blocks of rock. After cleaning, parts of the existing protection of
open rock cuts were removed. This was followed by the permanent
stabilization of the rock surfaces with sprayed concrete, covering
them with protective plastic mesh and steel wire net installed in a
rock climbing fashion.

The cross-section of the portal sections was increased for the
electrified double-track tunnel. According to the project, the
waterproofing foil of the tunnel was connected to concrete portals.
Finally, a unifying coating of the renovated reinforced concrete
surfaces was carried out.

SA 02-29-02 DOUBLE-TRACK BLANENSKY TUNNEL NO. 2

Blanensky Tunnel No. 2 (Fig. 5), also called Bilovicky Tunnel,
is located in a horizontal curve between Brno and Bilovice nad
Svitavou and passes through a rocky ridge coming east from the
top of Hradisko hill into the Svitava valley. The tunnel was built in
1848 and underwent several reconstructions between 1940 and 1996.
The total length is 164.5m and the cross-sectional area above TK
is 72.27m? In the portals locations, it was extended with concrete
tubes to prevent fragments or entire rock blocks from falling into
the track. The rock walls above the portals and in the open cut of the
pre-portal section were sprayed with shotcrete. In 1999, the tunnel
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TuNel

zdroj fotoarchiv Subterra source Subterra photo archive

Obr. 7 Blanensky tunel ¢. 3
Fig. 7 Blanensky Tunnel No. 3

délkou 276,590 m nejdelSim ze Ctyf rekonstruovanych tuneld.
Zcela zésadnim parametrem pro provadéné prace na tomto tune-
Iu byla mala svétla plocha pri¢ného fezu nad TK, a to pouhych
54,3 m’. Evidovany prijezdny prufez v tunelu je Z-GCZ3. Za-
chranné vyklenky jsou umistény vstficné proti sobé. Celkem jich je
10 paru.

Nosnd konstrukce sestava v klenbé z fadkového kamenného zdi-
va (Zulové ,.kopdky*), v opérach, zdkladech i spodni klenb& z pro-
stého betonu ¢i betonu slabé vyztuZeného. Tloustka osténi klen-
by z kamenného zdiva dosahovala v extrémnich hodnotach 20 az
73 cm, pfevazné se pohybovala v rozmezi 30 aZ 40 cm. Izolace
proti vodé byla provedena jen u portalovych a pfiportalovych past
dvéma vrstvami lepenky, jednou vrstvou izolace z PVC a asfalto-
vymi natéry [2].

Tunel proSel v letech 1949-1950 re-
konstrukei, elektrifikovan byl v roce
1970. Pfi prizkumnych pracich v ro-
ce 2019 byla v tunelu zastiZena nevy-
plnénd mezera za osténim proménné
hloubky (0,5 az 3 m), kterou zptso-
bily nadvylomy pfi prerdZeni profilu
za Ucelem roz§ifeni tunelu v letech
1967-1971. Tyto nadvylomy byly
CasteCné vyplnény kameny spojeny-
mi vidpenocementovou maltou a ka-
mennou rovnaninou, lokdlné byly
zastizeny zbytky pavodni vydievy.
V podélném profilu bylo v silné
rozpukaném masivu zaznamenino
nekolik vyraznych kaveren, rovnéz
vyplnénych kamennou rovnaninou
a starou vydfevou. Mocnost nadlo-
7i nad tunelem dosahuje vysky az
54 m. Odvodnéni tunelu zajistovaly
bo¢ni oboustranné tunelové stoky
o vnitinich rozmérech 300x300 mm,
ve spadu cca 3,50 %o (ve shodé

was electrified. The lining is partly of
the cast in place reinforced concrete,
partly of sprayed concrete (Fig. 6).
The solution for rehabilitating Bla-
nensky Tunnel No. 2 was similar
to that for Tunnel No. 1, so it is not
described separately here.

SO 04-29-01 DOUBLE-TRACK
BLANENSKY TUNNEL NO. 3

In 1848, Blanensky Tunnel No. 3,
also called Bilovicky Tunnel (Fig. 7),
was built, which is the longest of the
four currently reconstructed tunnels
with its length of 276,590m. A very
essential parameter for the work
carried out on this tunnel was the
small clear cross-sectional area above
the TK, only 54.3m> The registered
structure gauge in the tunnel is
Z-GCZ3. The rescue niches are
placed opposite each other. There are
10 pairs in total.

The load-bearing structure consists
of the stone masonry vault (granite one-side hewn blocks), and of
the plain concrete or weakly reinforced concrete abutments and the
invert vault. The thickness of the lining of the vault made of stone
masonry reached extreme values of 20 to 73cm, mostly ranging from
30 to 40cm. Waterproofing was carried out only for portal and near-
portal areas with two layers of cardboard, one layer of PVC foil and
asphalt coatings [2].

The tunnel underwent reconstruction in 1949-1950, it was
electrified in 1970. During survey work in 2019, an unfilled gap
behind the lining of variable depth (0.5 to 3m) was discovered in
the tunnel, which was caused by overbreaks when the profile was
excavated for the purpose of widening the tunnel in 1967-1971.
These overbreaks were partially filled with stones strengthened with
lime-cement mortar and by stone packing, locally the remains of the

zdroj fotoarchiv Subterra source Subterra photo archive

Obr. 8 Portdly blanenskych tunelii ¢. 3 a 4
Fig. 8 Portals of Blanensky Tunnels No. 3 and 4




s niveletou koleje) smérem k vjezdovému portélu, kde udstily do
sbérného piikopu. Oba portély tunelu ze Zelezobetonu byly prova-
dény v otevieném zarezu.

Sanace portalovych ¢ésti (obr. 8) byla v zadéani stavby reSena
koncepcné obdobné jako u zbyvajicich rekonstruovanych tuneld.
Pfi odtéZovani zasypu portalovych ¢ésti tunelu ¢. 3 byl ale stav
oproti predpokladu odlisSny. Nebyly zastiZeny vypliiové betony
ani podélna drendz se svody, lisil se i tvar rubu klenby hloubené
¢asti tunelu. Na zakladé€ zjiSténych skutecnosti byla dopracovana
realiza¢ni dokumentace, ve které byl na portdlech doplnén vypl-
novy beton a stitkany beton podél bocnich ¢asti kleneb portalt
tak, aby byl vytvoreny vhodny podklad pro izolaci. Déle byla do-
plnéna drenaz podél skalnich svaht zaisténim do odvodiiovacich
zlabti hloubenych tuneli. Bylo proinjektovano nadlozi klenby.
Skalni stény v prostoru portdll tunelu byly zbaveny néletovych
dfevin a nestabilnich ¢asti a odstranény byly i stdvajici ochranné
sité.

Tunelové osténi bylo v celém rozsahu mechanicky (strojné, po-
sléze ru¢né) a chemicky ocisténo. Mista lokalnich poruch betono-
vého a kamenného zdiva byla sanovana specidlni maltou. Pronikdni
vody do prostoru tunelu bylo zabrdnéno injektdZi za osténi klenby
s ukon¢enim nad opérami tunelu. Doplitkkem injektaze byly véjite
odvodiiovacich vrti s dosahem za proinjektovanou zénu nad klen-
bou. Odvodnovaci vrty byly provedeny i v bocich tunelu, s ohle-
dem na skutecny vyskyt priisakii a svedenim do pri¢nych Zlabu se
svodnicemi. Svodnice byly vyfezany do osténi strojné€, vystrojeny
specidlnim profilem (,,alfa Zlabem®), tepelné izolovany a v paté tu-
nelu napojeny do tunelovych stok. Ty byly vycistény a v pripadé
nutnosti byly nahrazeny jejich porusené ¢asti. Déle byly nové osa-
zeny kontrolni a revizni Sachtice. Byly kompletné vyménény kabe-
lovody a na portalovych Zelezobetonovych plochach byl proveden
sjednocujici nater.

SO 04-29-02 DVOUKOLEJNY TUNEL BLANENSKY C. 4

Tunel Cislo 4 (obr. 9) byl uveden do provozu v roce 1848. Vy-
rub byl stabilni, proto na tfech tsecich o celkové délce 54,4 m
nebylo nutné Zadné osténi. V letech 1950-1951 byly provedeny
veétsi udrzovaci prace spocivajici
v uplné obnové nékolika tunelo-
vych pasd, prezdénych lomovym
kamenem. V letech 1967-1971 pak
probéhla rekonstrukce celého tune-
lu. Obé opéry a klenby vSech pési,
véetné obou portalil, byly provede-
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original timber were found. In the longitudinal profile, several distinct
caverns were recorded in the heavily cracked massif, also filled with
stone packing and old timber. The thickness of the overburden above
the tunnel reaches a height of up to 54m. Drainage of the tunnel
was provided by side tunnel drains with internal dimensions of
300x300mm, with a slope of approx. 3.50%o (in line with the level
of the track) towards the entrance portal, where they led into an open
collecting ditch. Both tunnel portals of the reinforced concrete were
built in an open cut.

The renovation of the portal parts (Fig. 8) was conceptually planned
in the construction contract similarly to the rest of the reconstructed
tunnels. However, when the backfilling of the portal parts of tunnel No.
3 was excavated, the actual condition was found different compared
to the assumption. No filling concrete or longitudinal drainage with
downpipes was found, and the shape of the back of the vault of the
cut-and-cover tunnel was also different. On the basis of the findings,
the detailed design documentation was completed, in which filling
concrete and sprayed concrete were added to the portals along the
side of the portals vaults so that a suitable base for waterproofing was
created. In addition, drainage along the rock slopes was added by
inletting into the drainage ditches of the cut-and-cover tunnels. The
overburden of the vault was grouted. The rock walls in the area of the
tunnel portals were freed of self-seeding trees and unstable parts, and
the existing protective nets were also removed.

The entire tunnel lining was cleaned mechanically (by machine,
later by hand) and chemically. Places of local concrete failures
and stone masonry were rehabilitated with a special mortar. The
penetration of water into the tunnel space was prevented by grouting
behind the lining vault ending above the tunnel abutments. The
grouting was complemented by fans of drainage boreholes with a
reach beyond the grouted zone above the vault. Drainage boreholes
were also made in the sides of the tunnel, taking into account the
actual occurrence of seepage and inletting into transverse troughs
with gutters. Gutters were machine-cut into the lining, equipped with
a special profile (the so-called “alpha channel”), thermally insulated
and connected to the tunnel drains at the bottom of the tunnel. Those
were cleaned and, if necessary, their damaged parts were replaced.
In addition, inspection shafts were newly installed. The cable ducts

ny z betonu. Pavodni svétly profil
Sitky 8,1 m a vySky 6,5 m byl pii-
tom rozsifen a zvysen [2]. Pfi roz-
Sifovani tunelu v roce 1968 doslo
v misté tunelovych past 11 az 13
pri téchto pracich k zéavalu celého
profilu.

Dnesni celkova délka tunelu,
ktery byl navrZen a postaven bez
spodni klenby, je 244 m s maximal-
ni mocnosti nadloZi cca 40 m. Stava-
jici prijezdny prufez je Z-GC. V tu-
nelu je po obou strandch 18 zachran-
nych vyklenkd. Podél obou opér
jsou  vybudovany odvodiiovaci

stoky se spiddem smérem k Brnu

:
)
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=

a zausténé do feky Svitavy. Vedle

Obr. 9 Vyjezdovy portdl Blanenského tunelu ¢. 4
Fig. 9 Exit portal of Blanensky Tunnel No. 4
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odvodnovacich stok jsou v tunelu oboustranné osazeny betonové
Zlaby pro kabely.

Nad obéma portaly a pfiportdlovymi péasy byla provedena izo-
lace ze dvou vrstev lepenky AS500 s asfaltovym natérem a jednou
vlozkou z PVC. Pod stérkovym loZem obou koleji byla v celé délce
tunelu vybetonovana cca 150 mm silnd deska se spddem k opéram.

Sanace portalovych Casti i t€lesa tunelu Cislo 4 byla shodnd s po-
stupem zvolenym na tunelu ¢islo 3, tedy nasazenim vypliiovych
a tésnicich injektazi. Obdobné byl téz zastiZen jiny skutecny stav
konstrukei, neZ predpokladala projektovd dokumentace.

INJEKTAZE

Nejvyznamnéjsi soucasti rekonstrukce tunelil €. 3 a 4 byly injek-
taze, proto budou popsany blize. Injektazni vrty priméru do S0 mm
byly v obou tunelech vedeny radidln€ — véjitovité, délka vrtl vSak
byla u obou tunelt odli$na v zavislosti na o¢ekavanych podminkach
a fazi injektaZe. Vzhledem k poruSeni horninového masivu, k his-
torickym nadvylomtm, resp. kominim byl pied zahdjenim praci
proveden geofyzikalni dopriizkum pro bliZsi identifikaci problema-
tickych aseku. K ovéfeni stavu za rubem osténi byly vybrané sanac-
ni vrty v prislusném véjifi vyuZivany také jako prizkumné. Vrtani
i injektaze byly realizovany po etapach. Postup injektiZe byl v pru-
behu provadéni praci upfesnovan podle stavu zastiZeného na miste.

Jako prvni krok byly rychle reagujici chemickou hmotou DSI In-
ject PUR HF (s nastavenou dobou reakce 60 s a omezenym mnoz-
stvim na béZny metr vrtu) provedeny horizontdlni a vertikdlni clo-
ny, kterymi byly tunelové trouba a injektované horninové prostiedi
v pfi¢ném a podélném sméru rozdéleny na jednotlivé sekce. Injekc-
ni tlak se pohyboval v rozsahu 0,6 az 1 MPa, dosah injektaze byl
sledovan pomoci v pfedstihu zhotovenych monitorovacich vrta.

Druhym krokem byla nizkotlaka cementova injektaz pres obtura-
tory, podle schématu daného realizacni dokumentaci. U tunelu ¢. 3
slouZzila cementova injektaZ primarné k vyplnéni prostoru zakladky
a ke zpevnéni kamenné obezdivky a v kazdém injektaznim tseku
byla provadéna opakované po etapach. V piipadé obou tunelt byly
cementovou smési vyplnény dutiny a kaverny mensiho rozsahu.

Obr. 10 Tiikotoucovd pila Tyrolit
Fig. 10 Tyrolit three-blade saw

were completely replaced and a unifying coating was applied to the
portal’s reinforced concrete surfaces.

SA 04-29-02 DOUBLE-TRACK BLANENSKY TUNNEL
NO. 4

Tunnel No. 4 (Fig. 9) was put into operation in 1848. Excavation
walls were stable, as no lining was necessary in three sections with
a total length of 54.4m. In the years 1950-1951, major rehabilitation
work was carried out consisting in the complete restoration of several
tunnel sections, lined with quarry stone. In the years 1967-1971, the
entire tunnel was reconstructed. Both abutments and vaults of all
sections, including both portals, were made of concrete. The original
cross-section of 8.1m in width and 6.5m in height was widened and
increased [2]. During the widening of the tunnel, a collapse of the
entire profile occurred in the place of tunnel sections 11 to 13 during
these works in 1968.

Today’s total length of the tunnel, which was designed and built
without a invert vault, is 244m with a maximum overburden thickness
of approx. 40m. The existing structure gauge is Z-GC. There are 18
rescue niches on both sides of the tunnel. Drainage channels are built
along both abutments with a slope towards Brno and discharge into
the Svitava River. In addition to the drainage channels, the tunnel is
equipped with concrete channels for cables on both sides.

Waterproofing of two layers of A500 cardboard with asphalt
coating and one PVC foil was made above the two portals and
adjacent portal areas. Under the gravel bed of both tracks, a 150mm
thick slab with a slope towards the abutments was concreted over the
entire length of the tunnel.

The rehabilitation of the portal parts and the tunnel No. 4 was
the same as the procedure chosen for tunnel No. 3, i.e. the use of
filling and sealing grouting. Similarly, a different actual state of
the structures than the project documentation assumed was also
discovered.

GROUTING

The most important part of the rehabilitation of the tunnels No. 3
and 4 was grouting, so it will be described in more detail. Grouting
boreholes with a diameter of up to 50mm were driven radially in
both tunnels — in a fan-like fashion, but the length of the boreholes
was different in both tunnels depending on the expected conditions
and the stage of grouting. Due to the damage of the rock mass, to
historical overbreaks, respectively sinkholes, a geophysical survey
was carried out before the start of work for a closer identification
of problematic sections. To verify the condition behind the back of
the lining, selected grouting boreholes in a given fan were also used
as exploratory boreholes. Drilling and grouting were carried out in
stages. The grouting procedure was refined during the execution of
the works according to the situation encountered on site.

As a first step, horizontal and vertical cutoff curtains were made
with the fast-reacting chemical substance DSI Inject PUR HF
(with a reaction time set to 60s and a limited amount per meter
of the borehole), which divided the tunnel tube and the grouted
rock environment into individual sections in the transverse and
longitudinal directions. The grouting pressure was in the range of
0.6 to 1MPa, the grouting range was monitored using monitoring
boreholes built in advance.

The second step was low-pressure cement grouting through
the packers, according to the scheme given in the detailed design
documentation. In tunnel No. 3, the cement grout was primarily used
to fill the foundation area and to strengthen the stone wall, and in
each grouting section it was carried out repeatedly in stages. In the
case of both tunnels, cavities and smaller caverns were filled with
cement mixture.




Tretim krokem bylo vysokotlaké injektovani chemickou smé-
si ddle do masivu. Ugelem bylo vyplnit zatim nezaplnéné dutiny
a jemné diskontinuity, pfipadné poruchy za oblasti proinjektova-
nou cementem. Napénujici chemickd smés tieti etapy byla pou-
Zivana také pro dovyplnéni pfipadnych vétSich dutin a kaveren,
u kterych by cementovd smés mohla zplsobit nadmérné zatiZeni
osténi. Jako chemicka injektdz byly pouzivany dvouslozkové poly-
uretanové smési od vyrobce DSI Schaum Chemie sp. V tunelu ¢islo
3 bylo pristoupeno jesté k dalsi fazi injektdZe, a to nizko viskozni
chemickou smési k dotésnéni injektovaného prostfedi. V pribéhu
injektdzi bylo disledné sledovdno, zda nedochdzi k tniku smési
a deformaci tunelového osténi.

Odvodiovaci vrty o priméru do 60 mm byly (jak je jiz uvedeno
vyse u tunelu ¢. 3) vrtany radidlné do klenby i opéfi tunelt za pro-
injektovanou oblast a zaustény do pficnych svodnic $itky 100 mm.
Pricné svodnice byly vyfezany strojné tfikotoucovou pilou Tyrolit
(obr. 10).

V kombinaci injektazi a odvodiiovacich opatieni doslo k vypl-
néni a dotésnéni prostoru za rubem osténi tunelll a zaroven byla
organizované svedend voda z okolniho horninového prostredi do
odvodiiovacich stok.

ZAVER

Veskeré prace probihaly v ramci kompletni vyluky trati, ktera
byla zahdjena 12. prosince 2021 a ukoncena 9. prosince 2022.
Vlastni rekonstrukce tunell probihala od tinora do listopadu roku
2022. Délkové vlaky byly béhem vyluky odklonény pres Havlic-
kav Brod, osobni vlaky nahrazeny autobusy. Projekt byl ¢astecné
financovany z tvéru od Evropské investi¢ni banky v rdmci néstroje
pro propojeni Evropy ,,Connecting Europe Facility®, investorem
byla Sprava Zeleznic, s.o.

Vyse popsana rekonstrukce byla pro zhotovitele vyzvou zejmé-
na s ohledem na neutéSeny stav portald i poruseného osténi tunelt
s rozsahlymi kavernami za jeho rubem. Soucasné s rekonstrukei
osténi bylo provadéno projektem zadané osazovani foliového tés-
néni a injek¢ni prace mistné kombinované s odvodniovacimi vrty.
Podle skute¢né zastizenych poméra a ve spolupraci s projektan-
tem bylo hleddno co nejvhodnégjsi technické feSeni, nebot rozsah
injektdznich praci byl dopfedu téZko odhadnutelny. Prace musely
byt zasazeny do pevného Casového ramce vymezeného provozni
vylukou trati. Uspéch sanaci, pfedev§im hydroizolaénich praci,
ukaze az prichod srazkoveé vydatnych mésicti. V kazdém piipadé
dokonceni rekonstrukce tunelll spojenych predevsim s provedenim
hydroizolaci pfinasi firmé& Subterra a.s. dalsi cenné praktické zku-
Senosti.

Ing. LINDA CERNA VYDROVA, Ph.D.,
Icernavydrova@subterra.cz, Subterra a.s.

Recenzoval Reviewed: Ing. Pavel Poldk
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The third step was high-pressure grouting of a chemical mixture
further into the massif. The purpose was to fill the cavities and fine
discontinuities, or faults behind the area grouted with cement, that had
not yet been filled. The foaming chemical mixture of the third stage
was also used to fill any larger cavities and caverns where the cement
mixture could cause excessive load on the lining. Two-component
polyurethane mixtures from the manufacturer DSI Schaum Chemie
sp. were used as chemical grout. In tunnel No. 3, another stage of
grouting was carried out, namely with a low-viscosity chemical
mixture to seal the grouted environment. During the grouting, any
leakage of the mixture and deformation of the tunnel lining were
carefully monitored.

Drainage boreholes with a diameter of up to 60mm were (as
already mentioned above for tunnel no. 3) drilled radially into the
vault and abutment of the tunnels beyond the grouted area and inlet
into transverse gutters with a width of 100mm. Transverse gutters
were machine cut with a three-disc Tyrolit saw (Fig. 10).

In a combination of grouting and drainage measures, the space
behind the lining of the tunnels was filled and sealed, and at the same
time, water from the surrounding rock environment was channeled
into the drainage sewers.

CONCLUSION

All work was carried out during a complete closure of train
operations on the line, which began on December 12,2021 and ended
on December 9, 2022. The actual reconstruction of the tunnels took
place from February to November 2022. During the closure, long-
distance trains were diverted through Havlickiiv Brod, passenger
trains were replaced by buses. The project was partly financed by
a loan from the European Investment Bank under the “Connecting
Europe Facility”, the investor was Sprava Zeleznic, s.o.

The reconstruction described above was a challenge for the
contractor, especially with regard to the dismal state of the portals
and the damaged lining of the tunnels with extensive caverns
behind it. Simultaneously with the reconstruction of the lining,
the installation of foil waterproofing and grouting works, locally
combined with drainage boreholes, was carried out as specified by
the project. According to the actual conditions and in cooperation
with the designer, the most suitable technical solution was sought, as
the scope of the grouting works was difficult to estimate in advance.
The works had to be fitted into a fixed time frame defined by the
operational closure of the line. The success of the rehabilitations,
especially the waterproofing works, will only be shown by the arrival
of months with abundant rainfall. In any case, the completion of the
reconstruction of the tunnels, primarily associated with waterproofing,
brings Subterra a.s. another valuable practical experience.

Ing. LINDA CERNA VYDROVA, Ph.D.,
lcernavydrova@subterra.cz, Subterra a.s.
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STANOVENI VAROVNYCH STAVU PRO OSTENI TUNELU ZE
STRIKANEHO BETONU V PRVNICH 28 DNECH VYPOCTEM
DETERMINATION OF WARNING LEVELS FOR SHOTCRETE TUNNEL
LINING IN THE FIRST 28 DAYS BY CALCULATION

JAROMIR ZLAMAL

ABSTRAKT

Soucdsti vystavby podzemnich staveb je mimo jiné rovnéz geotechnicky monitoring. V projektové dokumentaci je obvykle uveden rozsah
a ndpln monitoringu, ddle jsou stanoveny varovné stavy a projektant urci zonu ovlivnéni a zonu sledovdni. Zemina nebo hornina v okoli
podzemni stavby neni ani homogenni ani izotropni. Do vypoctii pro stanoveni meznich stavii iinosnosti definovanych deformacnimi vivaha-
mi vstupuji pretvdrné charakteristiky horninového prostredi, reprezentované modulem pruznosti E, Poissonovym cislem v a smykovym mo-
dulem G a rovnéZ pretvdrné charakteristiky osténi podzemni stavby. Cldnek se zaméruje na osténi ze stitkaného betonu v prvnich 28 dnech
po jeho instalaci. Modul pruznosti E, Poissonovo ¢islo v a smykovy modul G se v prvnich 28 dnech méni, a tim se méni i mezni stavy.
Cldnek popisuje na piikladu tunelu Hrebec ndvrh metody jak v pritbéhu tuhnuti betonu (28 dni) stanovit mezni stav deformace a odtud
pak navrhnout bezpecné varovné stavy. VyuZivd se numerické modelovdni obecnou polygondlni metodou (OPM) vychdzejici z deformacni
metody.

ABSTRACT

Geotechnical monitoring is part of the construction of underground structures, among other things. In the project documentation, the
scope and contents of the monitoring are usually stated, warning levels are also established, and the designer determines the zone of
influence and the monitoring zone. The soil or rock around an underground structure is neither homogeneous nor isotropic. The deformation
characteristics of the rock environment, represented by the modulus of elasticity E, Poisson’s number v and the shear modulus G, as well
as the deformation characteristics of the lining of the underground structure, enter into the calculations for determining the ultimate
limit states and calculations defined by deformation considerations. The article focuses on shotcrete lining in the first 28 days after its
installation. The modulus of elasticity E, Poisson’s number v and shear modulus G change in the first 28 days, and thus the limit states also
change. Using the example of the Hrebec tunnel, the article describes a method proposal to determine the limit state of deformation during
concrete hardening (28 days) and to design safe warning levels. Numerical modeling by the general bedded-beam-spring method (OPM),
based on the deformation method, is used.

1. UvVoD

Masiv obklopujici podzemni stavbu je tvofen zeminovym nebo
horninovym prostfedim, které neni ani homogenni, ani izotropni
a jehoZz pretvareni je vyrazné ovlivnéno také faktorem Casu. Proto
se v oborech, nazyvanych aplikovana geologie, inZenyrskd geo-
logie a geotechnika, uplatnily rizné metody laboratornich a pol-
nich zkousek, jimiz se pretvarné charakteristiky tohoto prostiedi
vySetiuji.

Soucasti kazdé vystavby podzemnich staveb je geotechnicky
monitoring sestivajici z na sebe navazujicich ¢innosti, které jsou
podkladem pro uziti tfidy vystrojeni. Postup monitoringu upres-
nuji napt. Technické podminky — Geotechnicky monitoring tunelil
pozemnich komunikaci TP 237.

Pfi konvenénim tunelovani se vyuzivd observac¢ni metoda, sle-
dujici chovani horninového masivu, na jejimz zakladé lze upravo-
vat postup vystavby. V prvnich 28 dnech se navic méni pretvarné
charakteristiky stfikaného betonu, postup vystavby se tedy podle
vysledkd monitoringu upravuje.

2. VAROVNE STAVY OSTENI ZE STRIKANEHO BETONU

Rychlé vyhodnoceni vysledkd méfeni vyzaduji pfedem stano-
vené varovné stavy, jako dileZity nastroj monitoringu. Vysledna
opatfeni prijatd pfi navrhu technologickych postupi maji za cil
dodrzet technické, kvalitativni, ekonomické a bezpec¢nostni para-
metry projektu [1].

1. INTRODUCTION

The massif surrounding the underground structure is made of a
soil or rock environment that is neither homogeneous nor isotropic
and whose deformation is also significantly influenced by the time
factor. Therefore, in the fields called applied geology, engineering
geology and geotechnics, various methods of laboratory and
field tests have been applied to investigate the deformation
characteristics of this environment.

Geotechnical monitoring is part of every underground construc-
tion, and is consisting of consecutive activities, which are the basis
for the use of the tunnel support class. The monitoring procedure
is specified in e.g. Technical specifications — Geotechnical
monitoring of road tunnels TP 237.

In conventional tunneling, the observation method is used,
monitoring the behavior of the rock massif, on the basis of which
the construction procedure can be adjusted. In addition, during
the first 28 days, the deformation characteristics of the sprayed
concrete change, so the construction process is adjusted according
to the results of the monitoring.

2. WARNING LEVELS OF SHOTCRETE LINING

Quick evaluation of measurement results requires predetermined
warning levels, as an important monitoring tool. The resulting
measures taken during the design of tunneling sequences aim
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Varovny stav pii sledovani chovani osténi o o
tunelu a horninového masivu v okoli tunelu de’;{,if,';‘;{ﬁ,’},’ de",,’;;f,‘;g;,i,’};
se popisuje jako zména v chovani systému, d | 4
ktera je hodnocena jako zdsadni zvySeni 15% A — — - =i -
urovné podstupovaného rizika. V souvislosti A = A =
s varovnymi stavy jsou definovany tyto poj- -1 e e el > —
my:
e stupen varovného stavu, L — - - 8 — -
e kritérium varovného stavu. stav vysoké miry bezpeénosti  Cas|t] stav mezni pfijatelnosti Cas[f]
o . ] . o high safety level time [t) marginal acceptability level  time [t)
Stuperi (iirovert) varovného stavu je urcity
stav v chovdni horninového masivu anebo pretvoreni pretvoreni
stavebni konstrukce, ktery md vztah k cili d"'formaﬁ;” gelonuaton
monitoringu, urcité definované iirovni rizika ! -
a je spojen s prijetim urcitych opatieni. Cim A lm: [re—— ::-71""‘:—?4_ =
vy3$$i je stuperi varovného stavu, tim vetsi je |——'ﬂ-l f
podstupované riziko. To znamend, Ze horni- B o
novy masiv ¢i sledovand stavebni konstruk-
ce md bliZe ke ztrdté stability nebo k jinému @ stav pfipustnych zmén cas ] 0 kriticky stav cas|l]
v projektu definovanému neZddoucimu stavu. permissible changes level ~ time [t critical level time [t

V pritbéhu vystavby se definice jednotlivych
stupriii varovnych stavii upresiiuji na zdkladé
souhrnného priibéZného hodnoceni poznatkii
ziskdvanych monitoringem.

Kritéria pro varovné stavy se stanovuji pouze pro nejdiileZitéjsi
sledované veliciny, jejich? vyvoj je pro posouzeni Zddouciho cho-
vdni sledovaného systému nejvyznamnéjsi. Zpravidla jde o findlni
(celkové) velikosti svislych a vodorovnych posuvii mérickych bodii
na primdrnim osténi (konvergencni méreni) a veliciny ukazuji-
ci pritbéh poklesové kotliny na povrchu terénu a ddle o velikos-
ti posuvil staticky diileZitych stavebnich prvkii objektii nadzemni
zdstavby nad raZenym tunelem. Pro kritéria varovnych stavii se
obvykle pouZivaji:

e absolutni hodnoty sledovanych velicin;

* vyvoj hodnot sledovanych velicin v case.

Pro méfené veliCiny se doporucuje stanovit nanejvys pét urovni
stupiitt varovnych stavi (obr. 1):

* stav vysoké miry bezpecnosti;

e stav pfipustnych zmén;

* stav mezni pfijatelnosti;

o kriticky stav;

* havarijni stav.

3. HAVARIJNI STAV
KdyZ meétené veliciny zacCinaji vyrazné rust, nebo kdyz nastala
mimoradna situace, pak se tento stav nazyva havarijni:

e velikosti sledovanych hodnot vykazuji zretelné zrychlovdni
(obr. 2);

pretvoreni
deformation
125 A - — — 7(:__: i
A
zadatek porusovani ztréta stability
the beginning of failure loss of stability
|I -
B havarijni stav Gas|t
emergency level time [t)

Obr. 2 Havarijni stav [1]
Fig. 2 Level of emergency [1]

Obr. 1 Charakteristiky varovnych stavii éervené — pribéh deformace, modie — mira varovného stavu [1]
Fig. 1 Characteristics of warning levels, in red — course of deformation, in blue —warning level [1]

to comply with the technical, qualitative, economic and safety
parameters of the project [1].

A warning level when monitoring the behavior of the tunnel
lining and the rock massif around the tunnel is described as
a change in the behavior of the system, which is assessed as a
fundamental increase in the level of risk undertaken. The following
terms are defined in connection with warning levels:

e warning level,

e warning level criterion.

The degree (level) of the warning level is a certain degree in
the behavior of the rock massif or the civil engineering structure,
which is related to the goal of monitoring, a certain defined level
of risk and is associated with the adoption of certain measures.
The higher the level of warning, the greater the risk. This means
that the rock massif or the monitored structure is closer to a loss
of stability or to another undesirable condition defined in the
project. In the course of construction, the definitions of individual
warning levels are refined on the basis of a comprehensive
continuous evaluation of knowledge obtained through moni-
toring.

Criteria for warning levels are set only for the most important
monitored variables, the development of which is the most
significant for assessing the desired behavior of the monitored
system. As a rule, these are the final (total) magnitudes of the
vertical and horizontal displacements of the measuring nodes
on the primary lining (convergence measurement) and quantities
showing the course of the settlement trough on the terrain surface,
as well as the magnitudes of the displacements of statically
important structure elements of the above-ground construction
objects above the excavated tunnel. The criteria for warning levels
are usually:

* absolute values of monitored quantities;

e development rate of the values of monitored variables over

time.

It is recommended to set a maximum of five warning levels for
measured quantities (Fig. 1):

* high safety level;

* permissible changes level,
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e sledované hodnoty vyraznym zpiisobem prekrocily stanove-
nou hodnotu a sledované veliciny predpoklddané pro danou
Jdzi vystavby prekonaly hodnotu druhého mezniho stavu podle
Eurokodu 7 pro dotcenou stavebni konstrukci.

Na zdkladé monitoringu jsou pfijimana opatieni tak, aby byla
zajiSténa bezpecnost a ekonomické feseni vzniklé situace. Pfijima-
na opatfeni maji zamezit vzniku mimoradné udalosti s prioritnim
dirazem na ochranu Zivota pracovnikl. Ddle maji minimalizovat
mozné Skody na hmotném majetku a umoZznit uspésné zmahani
pfipadné ztraty stability systému osténi — hornina.

4. VYPOCET MEZNICH STAVU UNOSNOSTI
A DEFORMACE

Pti statickych vypoctech osténi tunelt budovanych Novou ra-
kouskou tunelovaci metodou (NRTM) se navrhuje stanovit bez-
pecnost projektované konstrukce vypoctem vnitinich sil obecnou
polygondlni metodou (dédle jen OPM) [2], kdy osténi je zatiZeno
jednotkovym zatiZzenim a zji§téné vnitini sily (M, N a V — momen-
ty, normélové sily a posouvajici/smykové sily) jsou vyhodnoceny
v interak¢nim diagramu (ID) [3]. Z tohoto vyhodnoceni se dile
zjisti mira vyuZiti posuzovaného prifezu [4, 5].

ZatiZeni v bodech i a j vyvola statické veli¢iny M, N, V,a M,
N, V.a vypoctené vnitini sily v osténi pro body i a j jsou popsany
rovnicemi

pH) =f(M,N,V), (1)

() =f(M, N, V), @

pak mezni Gnosnosti tunelového osténi odpovidaji statické ve-
liciny M , N,V , nebo Muj, NW., VW., tedy zjednoduseny zépis je

P =fA,ALL0, [)=fM,;, N, V) &)
a také
PO = Ay AL D, £) =M, N, V). @)

kde A, je plocha ucinného betonu, £ (7) je pevnost betonu, A je
plocha G¢inné vyztuZze, f} _je mez kluzu oceli.

Mezni tnosnost tunelového osténi je pak urCena jako p (1), a za-
tiZeni tunelového osténi je p (1), kde pfi spln€ni podminky plati

T
-N . \
[«, q,l rovnomérny tlak
‘(?; S uniform pressure \
SE
E oS
B [
MuNal |
IHuI-Hm] I
0 | |
Cisty ohyb ohybovy moment [+M]
bending bending moment [+M]
[+NI

Obr. 3 Interakcni diagram — mezni vinosnost a skutecné zatiZeni tunelového
osténi [5]
Fig. 3 Interaction diagram — strength limit and actual load of the tunnel lining
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* marginal acceptability level,
e critical level;
* emergency level.

3. EMERGENCY LEVEL

When the measured values start to increase significantly, or
when an emergency situation has occurred, then this is described
by the emergency level:

e the magnitudes of the monitored values show a clear

acceleration (Fig. 2);

* the observed values significantly exceeded the limit magnitude
and the observed values predicted for the given construction
phase exceeded the magnitude of the second limit state
according to Eurocode 7 for the given structure.

On the basis of monitoring, measures are taken to ensure safety
and an economic solution to the situation. The measures taken are
intended to prevent the occurrence of an emergency state with
a priority emphasis on protecting the lives of workers. They are
also intended to minimize possible damage to property and enable
successful recovery of any stability loss of the ground-lining
system.

4. CALCULATION OF ULTIMATE AND SERVICEABILITY
LIMIT STATES

In the static calculations of the lining of tunnels built by the New
Austrian Tunneling Method (NRTM), it is proposed to determine
the safety of the designed structure by calculating the internal
forces using the general bedded-beam-spring method (hereinafter
referred to as OPM) [2], when the lining is loaded with a unit
load and the determined internal forces (M, N and V — moments,
normal forces and shear/shear forces) are evaluated in an
interaction diagram (ID) [3]. From this evaluation, the utilization
degree of the cross-section under consideration is also determined
[4, 5].

The loads at node

s i and j induce the static quantities M, N, V. and MI_, N], ij and
the calculated internal forces in the lining for nodes i and j are
described by the equations

p(H)=fM,N,V), (1)

p(t) =fM, N, V), @)

then the strength limit of the tunnel lining corresponds to the
static quantities M , N , V , or M]., N/., V,. i.e. the simplified notation

is
pO=fA,Af O, [)=fM,.N,V) 3)
and also
Py =fALALF0.£) =M, N, V), @)

where A, is the effective area of concrete, f, (1) is the strength of
concrete, A is the effective area of reinforcement, f, is the yield
strength of steel.

The ultimate resistance of the tunnel lining is then determined
as pj(t), and the load on the tunnel lining is p (t), where if the
condition is fulfilled

) <p,0), &)

then the structure is verified.
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D <p, 0, (&)

pak konstrukce vyhovi.

Stejné je urena mezni tinosnost tunelového osténi v bodé j jako
puj(t), a zatiZeni tunelového osténi je p; (t), kde pfi platnosti vztahu
plati

1), (6)

p>p,

pak konstrukce nevyhovi, a musi se hledat feSeni vyhovuji-
ci rovnici (5). Uvedené rovnice vyjadfuji zjednoduSené princip
Menclovych mezi [7].

Pro vyrazy zavedené rovnicemi (1) az (6) plati nasledujici vy-
hodnoceni koeficientu tnosnosti osténi 5. Hodnoty zatiZeni p (t)
uvedené v obr. 3 jako [m,, n], a inosnosti p, () uvedené jako M,
NI pj(t) uvedené jako [mj, nj] a unosnosti pw.(t) uvedené jako
[M,;. N, ]se vyhodnoti jako tnosnost tunelového osténi v bodech
iaj(obr. 3).

Koeficient inosnosti pro bod 7 (resp. j) je s, definovan jako po-
mér p (1) a p(t) nebo puj(t) a pj(t)

p(t) _
RO @
p,(t)
m =S, (8

Je-li koeficient s, < 1, osténi tunelu vyhovi na meznim stavu
dnosnosti (jednotkové zatiZzeni).

Je-li koeficient s> 1, je prekrocena mez pevnosti a konstrukce
lokaln€ na meznim stavu Gnosnosti nevyhovi (jednotkové zatiZeni).

Stejnym zpsobem se vyhodnoti koeficient s, ve viech uzlech po
obvodu osténi. Mezni Ginosnosti osténi je obvykle dosaZeno pouze
v jednom bodé osténi a posudek osténi je obvykle nutné doplnit
o posouzeni na mezni stav pouzitelnosti (deformace) a mezni stav
trhlin. Metoda mezni unosnosti tunelového osténi stanovi urcité
kritické misto na celém obvodu osténi tunelu vypoctenim hod-
not s, a ndsledn€ stanovi mezni deformace Ax a Ay pro vybrané
body na osténi tam, kde se bude provadét méfeni konvergenci.
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In the same way, the ultimate resistance of the tunnel lining at
node j is determined as puj(t), and the load on the tunnel lining is
puj(t), where if the relation holds

D) > p, ()., (©)

then the structure does not pass verification, and a solution
satisfying equation (5) must be sought. The mentioned equations
simply express the principle of Mencl limits [7].

For the expressions introduced by equations (1) to (6), the
following evaluation of the resistance coefficient of the lining
is valid. The load values p(t) given in Fig. 3 as [m, n], and the
resistance p (t) given as [M , N ], pj(t) given as [mj, nj] and the
resistance p, (t) given as [M,, N ] is evaluated as the resistance of
the tunnel lining at nodes 7 and j (Fig. 3).

The resistance for node i (or j) is defined as the ratio between
p, (O and p(t) or p (1) a p(t)

uw

Pt _
pui (t) B a ’ (7)
b.(t)
TR ®

If the coefficient s, < 1, the lining of the tunnel will comply with

the ultimate limit state (unit load).
If the coefficient s, > 1, the strength limit is exceeded and the
structure will fail verification of the ultimate limit state (unit load).
The coefficient s, is evaluated in the same way in all nodes
along the perimeter of the lining. The strength limit of the
lining is usually reached only at one node of the lining, and the
assessment of the lining usually needs to be supplemented with
an assessment of the serviceability limit state (deformation) and
the crack limit state. The strength limit method of the tunnel
lining determines a certain critical node on the entire perimeter of
the tunnel lining by calculating the values of s, and subsequently
determines the limit deformations Ax and Ay for selected nodes on
the lining where convergence measurements will be performed.
Deformations are calculated for the entire construction period
from the start of shotcrete application

| tunel Hrebe¢ silnice 1/35
Hrebeé tunnel road I/35

until its 28-day strength is reached. Limit
deformations for 0.25; 0.5; 1; 5; 14; 28
days were calculated for the HiebeC tunnel.
The deformations are dependent on the
modulus of the subgrade reaction, the
ratio of horizontal to vertical loads, the
strength of the concrete and the modulus of
deformation. The subgrade reaction modulus
km:,, and the lateral pressure ratio p/q are
’ ,./1’ considered constant in the calculation, R,
i and E, are time-varying. In this case, a
function is written for the deformation of the
vault

A, (t)= f(KA,p;g; Ry Ebt] : ©)

The calculation results are shown in
tab. 1. The ultimate resistance and ultimate
deformation Ax and Ay in the period 0.25
to 28 days are given here. As the strength
and modulus of deformation increase, the

Obr. 4 Statické schéma OPM (Tunel Hiebec)
Fig. 4 OPM static diagram (Hiebe¢ Tunnel)

values of resistance capacity and ultimate
deformation change. Determining discrete
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m0-50 mS50-100 = 100-150

P 150200 w I00-750 = 250-300

Obr. 5 Graf vinosnosti osténi tunelu Hrebec pro kvy,p =5, 50, 100 MNm* a pro
p/g=02;04; 0,6

Fig. 5 Graph of the resistance of the lining of the Hrebec tunnel for kwp =5;50;
100MNm? and for p/q = 0.2; 0.4; 0.6 ’

Deformace jsou vypocteny pro celou dobu vystavby od zaha-
jeni nastfiku betonu az do dosaZeni jeho 28denni pevnosti. Pro
tunel Hiebe¢ byly vypocéteny mezni deformace pro 0,25; 0,5; 1;
5; 14; 28 dni. Deformace jsou zdvislé na modulu reakce podlo-
Zi, poméru vodorovného ke svislému zatiZeni, pevnosti betonu
a modulu deformace. Modul reakce podloZi k . a pomé&r bo¢niho

Vp
tlaku p/q je ve vypoctu uvaZzovén jako konstantni, R, a E, jsou

Tuel

values of limit deformations for monitored locations on the tunnel
lining is not usual in static calculations performed by FEM for
such a wide time spectrum (0.25; 0.5; 1; 5; 14; 28 days). Limit
deformation values are usually given only for the 28" day from the
start of concreting [6, 7].

5. VERIFICATION OF THE PRIMARY LINING
OF THE HREBEC TUNNEL

Calculation programs designed for calculating the internal
forces of the tunnel lining using the bedded-beam-spring method
solving the interaction of the tunnel with the ground by non-
linear springs, replace the exact shape of the tunnel lining with
a polygon of beams, the rock mass is modeled by a system of
oscillating Winkler springs connected to the lining at the vertices
of the polygon. The effect of the rock mass on the lining is
modeled by the external active load acting at the vertices of the
polygon. The calculation takes place in iteration cycles, in the first
iteration cycle all Winkler springs modeling the rock are active.
After the first iteration cycle, the tension springs are excluded and
the calculation continues until all tension springs are excluded
and all compression springs in function. This calculation model
corresponds to the actual action of the geotechnical structure, the
contact surface between the structure and the rock cannot transmit
tension, the rock is detached from the structure. Winkler springs
simulating rock are introduced into the calculation with unit
area and unit length, and their stiffness is specified by the value
of the modulus of elasticity E corresponding to the geotechnical

Tab. 1 Unosnost osténi tunelu Hiebec pro kyy,p =5, 50, 100 MNm? a pro p/q = 0,2; 0,4; 0,6

p/g=0,2 p/q=04 p/q=0,6
MkNm]| N[KN] | V[KN] |q[kNmZ|M[kNm]| N[KN] | V[KN] |q[kNm?Z]| M[kNm]| N[kN] | V[KN] |q[kNm?]
bok poéva | 112,97 | 47744 | 50,01 | 106,60 | 119,86 | 51051 | 4379 | 102,60 | 128,06 | 54533 | 38,16 | 98,23
5 [MNm™] bok 52,11 | 373,02 | 2419 | 21550 | 4145 | 37067 | 6,16 | 27020 | 32,85 | 41622 | 1422 | 353,30
klenba | 9254 | 139,19 | 4944 | 100,30 | 7442 | 22029 | 42,02 | 13470 | 5599 | 321,18 | 34,45 | 192,60
bok poéva | 77,72 | 816,07 | 5588 | 187,90 | 7573 | 80242 | 50,82 | 191,50 | 7374 | 788,78 | 4576 | 195,70
50 [MNm~] bok 6575 | 663,43 | 31,75 | 20530 | 56,63 | 666,36 | 23,17 | 23920 | 47,51 | 669,20 | 1459 | 285,70
klenba | 7820 | 47943 | 2141 | 15430 | 67,31 | 52614 | 17,57 | 184,40 | 56,41 | 572,85 | 1372 | 227,20
bok poéva | 60,99 | 87644 | 5380 | 24690 | 5867 | 85020 | 49,37 | 253,16 | 56,73 | 829,36 | 4529 | 259,70
100 [MNm=]|  bok 5085 | 72473 | 3748 | 26450 | 51,63 | 716,30 | 3631 | 26954 | 43,74 | 712,98 | 26,18 | 317,40
klenba | 6849 | 54447 | 16,06 | 183,80 | 6094 | 57891 | 1322 | 21097 | 5121 | 61890 | 993 | 257,10
Tab. 1 Lining resistance of Hrebec tunnel for kvjp =5, 50, 100MNm? and p/q = 0.2; 0.4; 0.6
p/g=0.2 p/g=0.4 p/q=0.6
M[kNm]| N[kN] | VIkN] |q[kNm2]| m[kNm]| N[KN] | VIKN] |q[kNm2)| M[kNm]| N[KN] | VIKN] |q[kNm3]
a'}:f,'gr“i“t 112.97 | 477.44 | 5001 | 106.60 | 119.86 | 51051 | 43.79 | 102.60 | 128.06 | 545.33 | 38.16 | 98.23
SIMNM=] [ oputment | 5211 | 37302 | 2419 | 21550 | 4145 | 37067 | 616 | 27020 | 32.85 | 41622 | 1422 | 353.30
vault 9254 | 139.19 | 49.44 | 10030 | 7442 | 22029 | 4202 | 13470 | 5599 | 321.18 | 3445 | 192.60
abigf,“e‘;“t 7772 | 81607 | 5588 | 187.90 | 7573 | 80242 | 50.82 | 19150 | 73.74 | 78878 | 4576 | 195.70
SO [MNm=] b utment | 6575 | 66343 | 31.75 | 20530 | 56.63 | 666.36 | 2317 | 239.20 | 4751 | 669.20 | 1459 | 285.70
vault 7820 | 479.43 | 2141 | 15430 | 67.31 | 526.14 | 1757 | 18440 | 56.41 | 57285 | 1372 | 227.20
aﬁm’;‘f‘“t 60.99 | 876.44 | 53.80 | 246.90 | 5867 | 850.20 | 49.37 | 253.16 | 56.73 | 829.36 | 4529 | 259.70
100 [MNM=] [~y tment | 5285 | 72473 | 37.48 | 26450 | 51.63 | 71630 | 36.31 | 26954 | 4374 | 71298 | 26.18 | 317.40
vault 6849 | 54447 | 16.06 | 18380 | 6094 | 57891 | 1322 | 21097 | 5121 | 61890 | 993 | 257.10
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Obr. 6 Priibéhy momentii (kNm) pro k,, =50 MNm? a pro p/q = 0,2; 0,4; 0,6

Fig. 6 Moments distribution (kNm) for kw,p =50MNm- and for p/q = 0.2; 0.4; 0.6

proménné v Case. V tomto piipadé se napiSe pro deformaci klenby
funkce

A()= f[mp; g; ¥ Ebtj . ©)

Vysledky vypoctu jsou uvedeny v tab. 1. Je zde uvedena mezni
unosnost a mezni deformace Ax a Ay v obdobi 0,25 az 28 dni.
Nartistem pevnosti a modulu deformace se hodnoty mezni tinos-
nosti a mezni deformace méni. Stanoveni diskrétnich hodnot mez-
nich deformaci pro monitorovand mista na osténi tunelu nebyva
ve statickych vypoctech provadénych MKP pro tak Siroké ¢asové
spektrum (0,25; 0,5; 1; 5; 14; 28 dni) obvyklé. Hodnoty meznich
deformaci jsou uvadény obvykle jen pro 28. den od zahajeni be-
tonaze [6, 7].

5. POSOUZENI PRIMARNIHO OSTENI TUNELU HREBEC
Vypocetni programy uréené pro vypocet vnitinich sil osténi
tunelu polygondlni metodou fesici interakci tunelu s horninovym
prostfedim s nelinedrnimi podporami typu podloZi prutové kon-
strukce, nahrazuji presny tvar osténi tunelu polygonem, horninovy
masiv je modelovin soustavou kyvnych Winklerovskych pruZin
pripojenych k osténi ve vrcholech polygonu. Pisobeni horninové-
ho masivu na osténi je modelovano vnéjSim aktivnim zatiZenim
plsobicim ve vrcholech polygonu. Vypocet probihd v iteracnich
cyklech, v prvnim iteracnim cyklu jsou v§echny Winklerovské pru-
Ziny modelujici horninu aktivni. Po prvnim itera¢nim cyklu jsou
tazené pruziny vyloucCeny a vypocet probihd tak dlouho, dokud ne-
jsou vSechny taZené pruZiny vylouceny a zaroven vSechny tlacené
pruziny ve funkci. Tento vypocetni model odpovida pfiblizné sku-
tecnému pusobeni geotechnické konstrukce, sty¢nd plocha mezi
konstrukei a horninou nemuize prendset tah, dochazi k odtrZeni
horniny od konstrukce. Winklerovské pruZiny simulujici horninu
se do vypoctu zavadéji jednotkovou plochou a jednotkovou délkou
a jejich tuhost se zadava hodnotou modulu pruznosti E odpovida-
jici geotechnickému prostfedi. Vypocet velikosti modulu reakce

environment. The calculation of the magnitude of the subgrade
reaction modulus E of elastic Winkler springs can be written in
the form

Ezk(")%b, (10)

where k' is the modulus of the subgrade reaction depends not

only on the geotechnical parameters of the rock, but also on the

shape of the structure and is usually determined according to B.

G. Galerkin [see 10]
(o) _ E

© R(+V) ()

where [ is the length of the side of the polygon and b is the
width of the lining ring, which is usually 1m, E is the modulus
of rock deformation, R is the radius of the circle representing the
tunnel opening and v is Poisson’s number (Fig. 4).

First, the strength limit of the lining with #32mm anchors and
length of 6m is determined for different deformation modules and
different lateral pressure of the massif surrounding the tunnel. The
values of kvyp = 5, 50, I00MNm? [8] are used for the modulus
of the subgrade reaction, and the values for the ratio of lateral
pressure to vertical pressure p/g = 0.2; 0.4; 0.6 are used for the
lateral pressure. The results are shown in tab. 1 and Fig. 5.

According to calculations of the resistance for different
modulus of subgrade reaction kvyp and for different lateral
pressure p/q, it is suggested touse k = 50MNm> and p/g=0,4 for
dimensioning. The smallest resistance ¢ = 184,4kNm in the vault
(Fig. 6).

Determining the strength limit of the lining and subsequently
the deformation limit in the first 28 days is only possible with
knowledge of the concrete strength and deformation modulus
development in those days. Data for a very long period (1990-
2014) are shown in Fig. 7, 8. Two regression curves are fitted
for the strength of shotcrete, the increase from 6 to 360 minutes
(0.0041-0.25 days) is significantly different from that in period
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podloZi k pruznych Winklerovskych opér 5
1ze zapsat ve tvaru [GPa ]

T _ 10 Ii +Ii+1 — -

k =k - b, (10) 1 =

- =

kde k) je modul reakce podloZi, které e
zavisi nejen na geotechnickych parame-
trech horniny, ale rovnéZ na tvaru kon- 5 L L r 3

strukce a stanovuje se obvykle podle B. G. A7/ T
Galerkina [viz 10] -3 S 1 — E-
= 'gr’r /__-' . J" ,‘ =
E E - el ¢ E
©) _ o (11) 1— —- = ” — 1
= T . o L =
(1+v) n"_':;“ fﬁt,.i' . 05
kde [ je délka strany mnohouhelniku a b g™ = = ,-JF / P -
je Sitka prstence posuzovaného osténi, kte- g == r e __..-"' B
ra je obvykle 1 m, E je modul deformace 17 ___,_.-" B
horniny, R je polomér kruznice nahrazujici [
vyrub a v je Poissonovo cislo (obr. 4). 01 = o UL Fm TTIpvmm ‘m Ty m r o
Nejprve se stanovi mezni Ginosnost osté- 01 0.5 11" 05 1JD 500(hod] [hours]
né moduly deformace a rizny boc¢ni tlak
masivu obklopujiciho tunel. Pro modul £ B % kL &0 L L Tk , 430 wgeo o0 spazolmin] [min]

reakce podloZi se pouziji hodnoty kvy,p =5

50, 100 MNm™ [8] a pro boc¢ni tlak jsou s L
pouZity hodnoty pro pomér bo¢niho tlaku E - E E — ,:i E:l
ke svislému tlaku p/q = 0,2; 0,4; 0,6. Vy-

sledky jsou uvedeny v tab. 1 a obr. 5. E L E AR E o E f’;j'ﬁﬂ'}m

Podle vypoctl unosnosti pro rizny modul

reakce podlozi kv},,p a pro rizny boc¢ni tlak p/g E - E LT E Conma s E i

se pro dimenzovani navrhuje pouzit kvyp =
50 MNm™ a p/q = 0,4. Nejmensi Gnosnost  gp. 7 Namévené pevnosti stiikanych betonii a regresni kfivka [5]

q = 184,4 kNm™ je v klenbé (obr. 6). Fig. 7 Measured strengths of sprayed concrete and regression curve [5]
360 to 40320 minutes (0.25-28 days). For
“; l ] —t— =P a period of 6 to 360 minutes, an equation
3 _ = - — : is proposed
! =] —
A |12 = f,=0.0051x +0.2389.
l uﬂﬁﬂ;‘-—l"‘ £ E= .-""::..r" 10 ) (](2
— r— =t R*=0.5416.
5 L "l g . .
For the period 360 to 40320 minutes, an
;’}{ ; 7 equation is proposed
5 %
/ FaP4 £, =4.3793In(x) +20.935.
1 — /’ | iy = k
E '?‘/ s R*=0.4979.
- 1] -
"3 / = l 03 One curve is fitted for the deformation
- > | / - modulus and an equation is proposed
1 T I E_=3.2824In(x) + 7.9132.
O =TT Tt "“1'm T T 01 R>=0.5545.
005 1!;[1 o, 'IL 0 30 50 lJvll IMF 0 [hod.] [hours]

0.00208 00041 0,01 0ps 01 05 | 2 3 5 7 10t 20 28(dny] [days] Calculation of the so-called Mencl
1 5 5 T @ A = = o . limit [7] performed for 0.25; 0.5; 1;
e B . : B L 4 L B W $8 (min] [min] 5; 14; 28 days for f, and E_, variables

E o E Lo E.,..,. - EI — is done for abutment and vault. The
i b FEE first Mencl limit Q, or M, indicates

EM.,. - Emlr a E::'-:j."" E;._‘;ﬁj_‘“" n how large a load could be aplied on the
system, which has not yet been loaded,

Obr. 8 Naméiené moduly deformace stiikaného betonu a regresni kiivka [5] in time ¢, without exhausting the lining

Fig. 8 Measured deformation moduli and regression curve [5] resistance. The function QZ(() is the




Tab. 2 Vypocet Menclovy meze pro 0,25; 0,5; 1; 5; 14 a 28 dni
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Stanoveni mezni Gnosnosti osténi a nasledné¢ mezni deformace
v prvnich 28 dnech je moZné pouze se znalosti nardstu pevnosti
a modulu deformace stfikaného betonu v téchto dnech. Data za
velmi dlouhé obdobi (1990-2014) jsou uvedena v obr. 7, 8. Pro
pevnost stiikanych betont jsou prolozeny dvé regresni kiivky,
nartist od 6 do 360 minut (0,0041-0,25 dni) je vyrazné jiny nez
v obdobi 360 az 40320 minut (0,25-28 dni). Pro obdobi 6 az 360
minut se navrhuje rovnice

f,=0,0051x + 0,2389.

R*>=0,5416.

Pro obdobi 360 az 40320 minut se navrhuje rovnice
£, =4.37931n(x) + 20,935.

R*>=0,4979.

Pro modul deformace je proloZena jedna kfivka a navrhuje se
rovnice

' Prof. Ing. Juraj Mencl 18. 1. 1916-13. 2. 2005. V roce 1953 nastoupil na ka-
tedre dopravnich staveb Fakulty inZinierskeho stavitelstva SVST jako docent
pro obor Tunely a mechanizdcia stavieb. Od roku 1962 piisobil na katedre
zakladania stavieb, geoldgie a priehrad (dnesni katedry geotechniky). V roce
1965 byl jmenovdn profesorem pro obor Tedria a konstrukcie inZinierskych
stavieb. Pracoval na vyznamnych iilohdch zamérenych na vystavbu podzem-
nich drah v Praze a Bratislavé, na vystavbé precerpdvacich vodnich elekt-
rdren Cierny Vih a Dlouhé Strdné, na vystavbé Strahovského tunelu atd. Po
listopadu 1989 se Prof. Mencl vrdtil na katedru geotechniky jako emeritni
profesor, kde byl jejim platnym clenem.

Krdtkd citace: ZAPLETAL, A., BUCEK, M., BARTAK, J. Smérnice pro navrho-

vdni osténi budovanych NATM. Praha, 1992.

1. MENCLOVA MEZ k,, =50 MNm* p/g=04 s kotvami tloustka osténi 250 mm
DNY 0,25 0,5 1 5 14 28
f . (MPa) 4,946 7,994 11,042 18,118 22,646 25,693
_Eed (GPa) 11,407 13,683 15,958 21,241 24114 26,895
Osténi opéfi | klenba | opéfi | klenba | opéfi | klenba | opéfi | klenba | opéfi | klenba | opéfi | klenba
Sy M (kNm) | 87,174 | 54,030 | 94,526 | 58,179 | 101,069 | 62,103 | 114,126 | 70,514 | 120,347 | 74,763 | 125,939 | 78,704
statické N (kN) | 488,894 | 214,484 | 494,840 | 218,802 | 499,549 | 222,108 | 507,530 | 227,425 | 510,753 | 229,440 | 513,370 | 231,006
hodnoty |y yn) | 35176 | 43238 | 37,050 | 42,882 | 38756 | 42610 | 38,696 | 42,172 | 43,931 | 42,006 | 45491 | 41877
VYUZITi UNOSNOSTI
PRO 1. MENCLOVU 71,80 54,50 77,50 58,50 82,70 74,80 92,90 70,40 97,80 74,50 102,10 630.3
MEZ [%]
MEZ UNOSNOSTI PRO
1. MEqN((':(hO"\ll_l;l)MEZ 139,28 | 183,49 | 129,03 | 170,94 | 120,92 | 133,69 | 107,64 | 142,05 | 10225 | 134,23 97,94 78,30
MAXIMALNI PRIPUSTNE DEFORMACE OSTENI PRO 1. MENCLOVU MEZ
oE osa jek(:,r‘l,%t- skuteéné jelgr‘\,%t- skuteéné jelg;",%t' skuteéné jelg"‘lzt' skuteéné je'gr:,%t- skuteéné je'gr:’%t- skuteéné
) (mm) ) (mm) ) (mm) ) (mm) ) (mm) 01 (mm)
8 X 0,009 1,24 0,009 1,15 0,009 1,07 0,009 0,93 0,009 0,88 0,008 0,87
Y -0,032 -4,42 -0,031 -4,05 -0,031 -3,76 -0,031 -3,29 -0,030 -3,10 -0,030 -3,08
15 X 0,009 1,20 0,008 1,09 0,008 0,99 0,008 0,84 0,008 0,78 0,007 0,76
Y -0,035 -4,93 -0,035 -4,53 -0,035 -4,22 -0,035 -3,72 -0,034 -3,52 -0,034 -3,51
20 X 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00
Y -0,055 -7,69 -0,054 -7,01 -0,054 -6,47 -0,052 -5,60 -0,051 -5,26 -0,051 -5,20

second Mencl limit. The resistance function Q, corresponding
to the zero load function q; = 0 and the resistance function Q,
corresponding to the load function q,(t), which keeps the lining
constantly in the limit state, are of fundamental importance in the
theory of the resistance capacity of the sprayed concrete lining
resistance. In this case, apparently q, = Q, . First, the percentage
utilization of the resistance is determined, and from there, the
strength limit. From these calculations, the limit deformation
for the unit load can be found, and by multiplying the unit
deformations by the values of the strength limit, the maximum
allowable deformations of the lining at the monitored nodes can be
obtained [9].!

The distribution of limit deformations for nodes 8, 15 and 20 of
the lining is plotted in Fig. 9. The largest values of deformations
are at node 20 (vault). The black line shows 60% of the limit state
for node 20.

' Prof. Ing. Juraj Mencl 18/01/2016—13/02/2005. In 1953, he joined the De-
partment of Transport Structures of the Faculty of Civil Engineering of the
Slovak Academy of Sciences as an associate professor for Tunnels and Con-
struction Mechanization. From 1962, he worked at the Department of Buil-
ding Foundations, Geology and Dams (today’s Department of Geotechnics).
In 1965, he was appointed professor for the field of Theory and Construc-
tion of Engineering Structures. He worked on important tasks focused on the
construction of underground railways in Prague and Bratislava, on the con-
struction of the Cierny Vih and Dlouhé Strdné pumping station hydroelectric
power plants, on the construction of the Strahov tunnel, etc. After November
1989, prof. Mencl returned to the Department of Geotechnics as Professor
Emeritus, where he was a respected member:

Short citation: ZAPLETAL, A., BUCEK, M., BARTAK, J. Guidelines for linings
design constructed by NATM. Prague, 1992.
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Tab. 2 Calculation of the Mencl’s limit for 0,25; 0,5; 1; 5; 14 and 28 days
1. MENCL LIMIT kmz = 50MNm-® p/q=0,4 with bolts lining thickness 250mm

DAYS 0.25 0.5 1 5 14 28
__f,(MPa) 4.946 7.994 11.042 18.118 22.646 25.693
E_ (GPa) 11.407 13.683 15.958 21.241 24114 26.895
Lining abutment| vault |abutment| vault [abutment| vault |abutment| vault |abutment| vault |abutment| vault
e M (kNm) | 87.174 | 54.030 | 94.526 | 58.179 | 101.069 | 62.103 | 114.126 | 70.514 | 120.347 | 74.763 | 125.939 | 78.704
static mag- | N (kN) | 488.894 | 214.484 | 494.840 | 218.802 | 499.549 | 222.108 | 507.530 | 227.425 | 510.753 | 229.440 | 513.370 | 231.006
Ditices V(kN) | 35176 | 43238 | 37.059 | 42.882 | 38.756 | 42.610 | 38.696 | 42.172 | 43.931 | 42.006 | 45.491 | 41.877
PERCENTAGE
UTILIZATION 71.80 54.50 77.50 58.50 82.70 74.80 92.90 70.40 97.80 7450 | 102.10 | 630.3
OF 1. MENCL LIMIT [%]
STRENGTH LIMIT
OF 1.q|\l(|||(£ﬁl?nl:2;.IMlT 139.28 | 183.49 | 129.03 | 170.94 | 120.92 | 133.69 | 107.64 | 142.05 | 102.25 | 134.23 97.94 78.30
MAXIMUM ALLOWABLE DEFORMATION OF LINING OF 1. MENCL LIMIT
. unit actual unit actual unit actual unit actual unit actual unit actual
POINTS axis
(] (mm) (] (mm) ) (mm) ) (mm) ) (mm) ) (mm)
X 0.009 1.24 0.009 1.15 0.009 1.07 0.009 0.93 0.009 0.88 0.008 0.87
’ Y -0.032 -4.42 -0.031 -4.05 -0.031 -3.76 -0.031 -3.29 -0.030 -3.10 -0.030 -3.08
. X 0.009 1.20 0.008 1.09 0.008 0.99 0.008 0.84 0.008 0.78 0.007 0.76
Y -0.035 -4.93 -0.035 -4.53 -0.035 -4.22 -0.035 -3.72 -0.034 -3.52 -0.034 -3.51
20 X 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00
Y -0.055 -7.69 -0.054 -7.01 -0.054 -6.47 -0.052 -5.60 -0.051 -5.26 -0.051 -5.20

E  =3,28241n(x) + 7,9132.
‘ 2 2 (|

R*=0,5545. I : |

Vypocet tzv. Menclovy' meze [7] provede- 0
ny pro 0,25; 0,5; 1; 5; 14; 28 dni pro promén- 1 1
né f, a E_ je proveden pro opé€fi a klenbu.
Prvni Menclova mez Q, « Tesp. Mm) udava, -2 -2
jak velké zatizeni by v ¢ase t mohlo skokem -3 -3
dolehnout na dosud nezatiZenou soustavu, i —— F‘J:::-f_-;-'“‘::::: —————— 2
aniZ by unosnost osténi byla vycerpana. 5 =——T" 5
Funk’ce ng je druhou Meflclovou .mezvi. ?é- r - — %
sadniho vyznamu v teorii inosnosti osténi ze _.'._._._____..--*..—--"""_-r
stifkaného betonu nabyva funkce tnosnosti -1 =F
Q,, pfislusnd k nulové funkci zatiZeni q, -8 -8
= 0 a funkce tnosnosti Q . korespondujici

o 0 o . & 1 20 30 50 120 500 [hod.] [hours]

s funkei zatiZeni q,, kterd udrZuje osténi 0,25 015 1 5 14 28 [dny] [days)
neustdle v meznim stavu tnosnosti. V tom- 3.; 3 600 1£.IL'IJ 2320 = . o
to pripadé zfejmé plati q,, = Q,,. Nejprve L i i 1 ! 10080 20760 40370 [min.] [min]
je stanoveno procentudlni vyuziti Gnosnosti
a odtud pak mezni tnosnost. Z t&chto vypo- Bog 8 BaD wolt ¢ o o 2
¢t se nalezne mezni deformace pro jednot-

kové zatiZeni a pfenasobenim jednotkovych — Obr. 9 Mezni deformace pro body 8, 15 a 20
. . . . Fig. 9 Limit deformations for nodes 8, 15 and 20
deformaci hodnotami mezni Gnosnosti lze
ziskat maximalni pripustné deformace osténi
ve sledovanych bodech [9].!
Prabéh meznich deformaci pro body osténi 8, 15 a 20 je zakres- 6. CONCLUSION
len na obr. 9. Nejvétsi hodnoty deformaci jsou v bodu 20 (klenba).

N The presented procedure for calculating the ultimate resistance
Cernou carou je zakresleno 60 % mezniho stavu pro bod 20.

and the ultimate deformation of the tunnel lining describes the
o reserves in the resistance of the lining and also shows the place
6. ZAVER where the strength limit and the deformation limit will be reached

Uvedeny postup vypoctu mezni tinosnosti a mezni deformace first. In accordance with equations (7) and (8), the critical location
tunelového osténi popisuje rezervy v tinosnosti osténi a rovnéz of the lining is where the coefficient s, is greater than 1. Practice




ukazuje misto, kde bude nejdiive dosazeno meze inosnosti a meze
deformace. V souladu s rovnicemi (7) a (8) je kritické misto osténi
tam, kde koeficient s, je vétSi nez 1. Praxe ukazala, Ze stanove-
ni meznich deformaci Ax a Ay v dob€ tvrdnuti stfikaného betonu
bylo velmi uZitecné, projektant nemusi stanovovat mezni defor-
mace podle své zkuSenosti nebo odhadem.

Vypocet deformaci terénu pro stanici metra Narodni tfida na
trase IB (zahdjeni stavebnich praci 1979, otevieni provozu na
konci roku 1985) provadény metodou konecnych prvka firmou
PUDIS stanovil pokles terénu hodnotou 40 mm a skutecné namé-
feny pokles byl 150 mm. Vypocet deformaci terénu nad raZenymi
dily provadény v sedmdesatych a osmdesatych letech minulého
stoleti MKP byl velmi drahy, Casove€ naro¢ny a jak ukazuje piiklad
stanice Nérodni tfida velmi nepfesny. Provadét vypocty MKP pro
Sest Casovych intervali bylo v té dobé neredlné, a dokonce prova-
déni jen jednoho vypoctu bylo vzacné.

Pro ndvrh tunelového osténi projektant pouziva s ohledem na
rozsah a dileZitost tkolu vypocetni metodu, kterd je nejen bez-
pecnd, ale i ekonomickd. NavrZeny postup zjiStovani meznich
deformaci a varovnych stavi je v porovnani s 2D MKP vyraz-
né rychlejsi, vystupy vypocti popisuji Sirokou Skéalu okrajovych
podminek. Tato skutecnost je vhodna pro razena dila, kde liniové
stavby prochazeji nehomogennim prostfedim. Metoda OPM je
vhodna tam, kde projektant chce znét inosnost navrzeného osténi
v riznych geologickych podminkéch, popsanych geotechnickymi
parametry.

Je vSak potfeba vzit v tivahu skute¢nost, Ze uvedend metoda vy-
chézi pouze z pruzného chovani horninového prostredi, pricemz
obecné je chovdni horninového prostfedi mnohem komplikovanéj-
§i, stejné€ jako napft. ¢lenéni a postup razeb.. Chovéani horninového
prostfedi miZe byt popsdno objektivnéji variantnimi konstituv-
nimi vztahy v ramci modelovych vypocti pomoci numerickych
metod, véetné metody konecnych prvki.

Ing. JAROMIR ZLAMAL,
zlamal @pohl.cz, POHL cz, a.s.

Recenzoval Reviewed: doc. Dr. Ing. Jan Pruska
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has shown that determining the limit deformations Ax and Ay
during the hardening of the sprayed concrete was very useful,
the designer does not need to determine the limit deformations
according to his experience or estimate.

The calculation of sufrace deformations for the Narodni tfida
metro station on route IB (start of construction work 1979, start of
operation at the end of 1985) carried out using the finite element
method by the PUDIS company established a terrain settlement
of 40mm, and the actual measured settlement was 150mm. The
calculation of surface deformations above the underground
excavations carried out in the 1970s and 1980s by FEM was
very expensive, time-consuming and, as the example of the
Nérodni tfida station showed, very inaccurate. Performing FEM
calculations for 6time intervals was unrealistic at the time, and
even performing just one calculation was rare.

For the design of the tunnel lining, the designer uses a
calculation method that is not only safe, but also economical,
taking into account the scope and importance of the task. The
proposed procedure for detecting limit deformations and warning
levels is significantly faster compared to 2D FEM, the calculation
outputs describe a wide range of boundary conditions. This
method is suitable for underground excavations works, where
linear structures pass through an inhomogeneous environment.
The OPM method is suitable where the designer wants to know the
resistance of the designed lining in various geological conditions,
described by geotechnical parameters.

However, it is necessary to take into account the fact that the
mentioned method is based only on the elastic behavior of the rock
environment, while in general the behavior of the rock environment
is much more complicated. The behavior of the rock environment
can be described more objectively by variant constitutive relations
within model calculations using numerical methods, including the
finite element method.

Ing. JAROMIR ZLAMAL,
zlamal@pohl.cz, POHL cz, a.s.
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FOTOREPORTAZ ZE ZAHAJENI RAZEB TUNELU FAMJIN
NA FAERSKYCH OSTROVECH
PICTURE REPORT FROM GROUNDBREAKING CEREMONY
OF FAMIJIN TUNNEL ON FAROE ISLANDS

FOTO JAN SKALA / PHOTO JAN SKALA

Obr. 1 Svéceni sosky sv. Barborky
Fig. 1 Consecration of St. Barbara statuette

Obr. 2 Zdstupci zhotovitele stavby pred portdlem tunelu Famjin
Fig. 2 Representatives of the client and contractor in front of the Fdmjin
tunnel portal

Fig. 3 Portal pit of Fdamjin tunnel

Obr. 5 Pohled na &elbu tunelu z portdlu Oroavik
Fig. 5 Tunnel heading viewed from the QOrdavik portal

Obr. 4 Vrtaci viiz na Celbé tunelu
Fig. 4 Drill rig at the tunnel heading

Obr. 6 Scaling (strojni docistovdni vyrubu) po provedeni trhacich praci
Fig. 6 Mechanical scaling after completion of blasting
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FOTOREPORTAZ 2 AK:I'UﬂI.NI'HO STAVU VYSTAVBY TUNELU
POHURKA NA DALNICI D3
PICTURE REPORT FROM CURRENT STATE OF CONSTRUCTION
OF POHURKA TUNNEL ON D3 MOTORWAY

FOTO ING. MARIAN FAKTOR, HOCHTIEF CZ, A. S. / PHOTO ING. MARIAN FAKTOR, HOCHTIEF CZ, A. S.

Obr. 1 PraZsky portdl a prostor Dobrovodské ulice, prdace na monolitech a izo-
lacich — pohled od jihu

Fig. 1 Prague portal and space of Dobrovodska street; work on monolithic
structures and waterproofing — viewed from the south

Y.\ NN
Obr. 3 Monolitické prdce na stiedni ¢dsti tunelu — pohled od jihu

Fig. 3 Work on monolithic structures in the middle part of the tunnel — viewed
Jrom the south

Obr. 5 Zemni prdce na Kaplickém portdle
Fig. 5 Earthwork at the Kaplice portal

'E‘E-;r T : " A..'!!I .- II?.'

Obr. 2 Armovaci prdce ve stiedni ¢dsti tunelu — pohled od jihu
Fig. 2 Placement of reinforcement in the middle part of the tunnel — viewed
from the south

Obr. 4 Monolitické prdce na stiredni ¢dsti tunelu — pohled od severu
Fig. 4 Work on monolithic structures in the middle part of the tunnel — viewed
from the north

Obr. 6 Pohled do nosné konstrukce tunelu
Fig. 6 A view into the load-bearing structure of the tunnel
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TuNel

ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

VYSTAVBA TUNELU NA RYCHLOSTNI SILNICI M85 V. BECSI DOMB, MADARSKO
DEVELOPMENT OF TUNNELS ON M85 MOTORWAY V BECSI DOMB, HUNGARY

V severozdpadni ¢asti Madarska, smé-
rem k rakouskym hranicim a hlavnimu
méstu Rakouska Vidni se u mésta Soproti
stavi v ramci paté etapy dva tubusy dvou-
pruhovych dalni¢nich tunelt, kazdy o dél-
ce cca 780 m.

Dodavatelem téchto tuneldl je sdruZeni
firem Subterra — Raab Kft, Domper Kft
a Pannon Doprastav Kft (SDD Konsor-
cium).

Realizace vystavby tunelu pod kopcem
Bécsi domb (Videtisky kopec) v Sopro-
ni dospéla k dalSimu milniku. Ve Ctvrtek
9. tnora 2023 byl slavnostné proraZen se-
verni tubus tunelu.

Slavnostni prorazky se zicastnili mj. na-
méstek ministra pro investice do vystavby
silnic p. Jozsef Pantya, poslanec parlamen-
tu za mésto Soproii p. Attila Barcza a sta-
rosta Soproné p. dr. Ciprian Farkaz.

Poté, co byl 30. ¢ervna 2022 proraZen
jiZzni tubus, jsou tak prakticky po témér
dvou letech ukonéeny razby tohoto tunelu. Béhem konce tinora
2023 bude jesté provedena razba nouzové propojky €. 2 mezi tune-
lovymi tubusy. Podminky pro razbu obou tubusti byly mistné roz-
dilné, primérny denni postup raZeb na jiznim tubusu byl tak 1,3 m
a na severnim tubusu 1 m.

Razba severniho tubusu probihala v poslednich mésicich jak ze
zapadniho, tak i z vychodniho portédlu tunelu. Ze zapadniho portilu
byla ukoncena v TM 595, tedy cca 180 m od tohoto portalu. Po-
kraCovala tak jenom razba z vychodniho portalu. Zbyvajici metry
horninového masivu do prorazky byly zajistény jak 12 m dlouhym
mikropilotovym deStnikem, tak i 9 ks 12 m dlouhych ¢elbovych
kotev a stiikanym betonem. Vlastni prorazka byla provedena bez
pouziti trhacich praci pomoci strojniho rozpojovani horniny.

Obr. 2 OkamfZik strojni prordzky severniho tubusu tunelu
Fig. 2 Moment of mechanical breakthrough of the northern tube of the tunnel
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Obr. 1 Pohled od vychodniho portdlu na severni tubus
Fig. 1 The northern tube viewed from the eastern portal

In the northwestern part of Hungary, towards the Austrian border
and the Austrian capital Vienna, two tubes of double-lane motorway
tunnels, each approximately 780m long, are being built near the
town of Sopron as part of the fifth construction stage.

The contractor for these tunnels is the consortium of companies
Subterra — Raab Kft, Domper Kft and Pannon Doprastav Kft (SDD
Consortium).

The work on the construction of the tunnel under the Bécsi
domb hill (Vienna hill) in Sopron has reached another milestone.
On Thursday, February 9, 2023, the northern tube of the tunnel was
ceremonially broken through.

The groundbreaking ceremony was attended, among others, by the
Deputy Minister for Investments in Road Construction, Mr. Jozsef
Péntya, the Member of Parliament for the town of Sopron, Mr. Attila
Barcza, and the Mayor of Sopron, Dr. Ciprian Farkaz.

After the southern tube of the tunnel was broken through on June
30, 2022, the excavation of this tunnel is practically completed, after
almost two years. During the end of February 2023, excavation of
the emergency cross passage No. 2 between the tunnel tubes will be
carried out. The conditions for the excavation of both tubes locally
differed, the average daily excavation advance on the southern tube
was 1.3m and on the northern tube 1m.

Excavation of the northern tube has proceeded in recent months
from both the western and the eastern portal of the tunnel. From
the western portal, it ended at the tunnel chainage TM 595, i.e.
approximately 180m from this portal. It means that only the
excavation from the eastern portal continued. The metres of the rock
massif remaining to the breakthrough were stabilised with both a
12m long canopy tube pre-support, as well as 9 pcs of 12m long
anchors into the excavation face and shotcrete. The breakthrough
itself was carried out without the use of blasting by means of

mechanical breaking of the rock.




Pokracuji déle prace na féliovych izolacich a betondzi sekundar-
niho osténi tuneli.

Stavba tohoto useku délnice tak dospéla do dalsi faze, ktera by
méla byt ukoncena uskute¢nénim zkusebniho provozu tunelu a pre-
danim provizorniho propojeni useku silnice pro motorova vozidla
M85 dopravni uzel Fert6rdkos — Sopron st. hranice se stavajicim
hrani¢nim prechodem na hlavni silnici ¢. 84, jakoZ i obchvatu So-
proni SZ s oznacenim 8647, vSe s uvedenim do provozu na konci
roku 2024.

Ing. FRANTL JAN, jfrantl@subterra.cz,
Ing. BOLCSKEI GERGELY,
Gergely.Bolcskei@subterraraab.hu

ZPRAVY 2 TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 4/2022
TUNNEL AFTERNOON 4/2022

On November 2, the fourth Tunnel Afternoon of the year 2022
was held in the premises of the Metrostav Group Education Cen-
tre. It was not for the first time that the chosen topic was devoted
to past times. Mr. Ladislav Lahoda guided the listeners through
the Historic underground in the footsteps of the former state-run
secret police (STB). This time the seminar passed perhaps a little
unusually. The lecturer presented a large number of photographs
from various locations, to which he attractivelly narrated, sharing
a lot of information, observations, historical facts and rumors that
accompany the given places. His company CMA — the company for
the research of the historic underground thoroughly went through
the described places as part of its surveys and tried to confirm or
refuse some assumptions and get to the roots of individual myste-
ries. His very attractive narration captivated the listeners so much
that many of them had the feeling that they were present in the
individual places themselves.

Dne 2. listopadu se v prostorach Centra vzdélavani Skupiny Met-
rostav uskutecnilo ¢tvrté Tunelarské odpoledne roku 2022. Zvolené
téma se vénovalo jiZ po nékolikaté minulym casum, Historickym
podzemim po stopdch STB provedl posluchace tradicné pan La-
dislav Lahoda. Tentokrat seminai' probéhl mozna trochu nezvykle,
prednasejici promitl velké mnoZzstvi fotografii z riznych lokalit, ke
kterym poutavé vypravél spousty informaci, postreht, historickych
faktd i povésti, které dand mista provézeji. Jeho spolecnost CMA —
spolecnost pro vyzkum historického podzemi tato popisovand mista
v ramci svych prizkumil dikladné prosla a zkusila nékteré domnén-
ky potvrdit, nebo vyvratit a dopatrat se az ke koreniim jednotlivych
zahad. Jeho velice poutavé vypravéni posluchace natolik zaujalo, Ze
mnozi méli pocit, Ze se na jednotlivych mistech sami nachézeji.

Vydali jsme se do tajemnych a doneddvna neprozkoumanych
katakomb v Jablonném v Podjestédi a také do podzemi hradu Lem-
berk, kde spolecnost CMA provadéla témér detektivni patrani po
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Work continues on the membrane waterproofing and concreting of
the secondary lining of the tunnels.

The construction of this motorway section has thus reached the
next phase, which should be completed by the trial running of the
tunnel and the handing over of the temporary connection of the
section of the M85 motor vehicle road to the Fertérakos junction
— Sopron state border with the existing border crossing on the main
road No. 84, as well as the Sopron NW bypass with the designation
8647, all with opening to traffic at the end of 2024.

Ing. FRANTL JAN, jfrantl@subterra.cz,
Ing. BOLCSKEI GERGELY,
Gergely.Bolcskei@subterraraab.hu

NEWS FROM TUNNELLING CONFERENCES

stopach tzv. akce ,,Kostel®, pfi které zde v 80. letech STB hledala
ukryté nacistické archivy a poklady fadu dominikand. Podafilo se
objasnit vSechna mistni tajemstvi i ta, kterd STB vypétrat nesvedla.
MEéli jsme moznost na fotografiich spatfit mista, kterd jsou obvykle
vefejnosti uzaviena a nyni vlastné jiz nepristupna, kvili probihajici
rekonstrukci chramu.

Druha ¢ast se vénovala ptibéhu z ChotéSovského klastera, ktery
byl objeveny v archivech bezpecnosti teprve nedavno. Vse zacina
hned po valce, kdy je do mistni psychiatrické nemocnice odvezena
matkou predstavenou jedna z fadovych sester. V podstaté proto, Ze
chtéla ceskoslovenskym uradim prozradit mista uloZeni cennych
predméti a klasterniho pokladu. V tajnych komnatach, v zamasko-
vané studni v podzemi klastera a dalSich skrySich... Existuji tato
mista i dnes? Byl poklad nékdy nékym objeven? Jaké byly dalsi
osudy sester? I tomuto vénovali lidé ze spolecnosti CMA pii pro-
vedeném priizkumu svou pozornost.

Treti Cast seminafe se zabyvala Rudolfovou $tolou v Praze neboli
,,Prikop Jeho Velicenstva Cisafe z feky Vltavy do Starého parku
v celé své velikosti‘, kterd stale jesté skryva neobjasnéna tajemstvi.
Jedno z nich je napfiiklad to, kdo je autorem jejiho projektu, coz
neni z historickych materialti zcela jasné. Na zavér jesté prednd-
Sejici ukazal par mist nejen z Prahy, kterd jsou médlokdy piistupnd
vefejnosti a ktera navstivil v ramci dvouletého nataceni dokumen-
tarniho seridlu Tajemné podzemi.

O seminart byl opét velky zdjem, osobné prislo okolo 40 poslu-
chact, dalSich témér 20 zvolilo on-line pfipojeni. Pokud by se chtél
nékdo dovédét vice o spolecnosti CMA, miiZe navstivit jeji webové
stranky www.podzemi-cma.cz. Velké podékovani patii prednéseji-
cimu panu Lahodovi a také doc. Ing. Alexandru Butovicovi, Ph.D.,
ktery pomohl celé Tunelaiské odpoledne zorganizovat.

Ing. MARKETA PRUSKOVA, Ph.D.,
sekretar CzTA ITA-AITES

KONFERENCE ZELEZNICNI MOSTY A TUNELY 2023
CONFERENCE RAILWAY BRIDGES AND TUNNELS 2023

The conference on the topic of railway bridges and tunnels was
held on January 19, 2023. The specialist block of lectures was di-
vided into two main topics, as the name of the conference already

suggests. In this contribution, attention will be focused only on tun-
nels. In the first block, the project and work on of the reconstruction
of the track section Dé&in East — Dé¢in — Middle Zleb was present-
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ed. It includes a new unique truss railway bridge over the Elbe, and
the DécCin tunnel directly connected to it, which almost intersects
with the Loub railway tunnel at the lowest level. A significant event
in the field of rehabilitation of railway tunnels was the reconstruc-
tion of the railway corridor line from Brno to Blansko, where there
are nine railway tunnels in operation, which had to be reconstruct-
ed in a one-year closure of the line to traffic. The history of these
tunnels is very chequered; they belong among the oldest tunnels in
the Czech Republic. They were mined in the 1950s and underwent
several renovations and repairs during their existence. Another data
retrieving lecture informed the present tunnellers about the state of
the existing railway tunnels, evaluated some of the renovations that
have already been carried out and predicted what the tunnellers can
expect in the near future. The contribution on the topic of renovation
of the Bratislava (Lamacsky) tunnel near the main railway station
describes the several reconstructions currently underway, during
which the decades-old technology of filling and sealing grouting
behind the masonry lining is used to prevent groundwater seepage;
however, this technology has recently been more or less backed
off due to low effectiveness and short longevity. The complete vol-
ume of lectures is free to download in PDF format on the website
https://konferencemosty.cz/docs/sborniky/2023.sbornik-zmt.pdf.

Dne 19. 1. 2023 se konala obvykla konference na téma Zelez-
ni¢nich mostt a tuneldl, jiz podruhé v hale O2 UNIVERSUM, kte-
ra nahradila dfive vyuZivané prostory v hotelu OlSanka. Zejména
spolecenské prostory mimo hlavni sal jsou v novém misté konini
mnohem komfortnéjsi. Jak je vSeobecné znamo, spolecenskd, ne-
formalni, ale i obchodni setkdni odborné verejnosti na téchto ak-
cich jsou neméné dilezitd jako odborné predndsky a prezentace.
Zejména po dvou letech omezovani podobnych aktivit kvili covi-
dové hysterii. TakzZe dcast byla opravdu velikd. Drobnou nevyho-
du mél jeden z nejmenovanych hlavnich organizatori, jak bylo na
konferenci také zminéno, ktery mohl do Olsanky chodit ,,v pan-
toflich®, coz by pro néj v pripadé haly O2 UNIVERSUM nebylo
uplné optimalni.

Odborny blok prednéasek byl rozdélen na dvé hlavni témata, jak
uz nazev konference napovidad. V dalSim textu se budu vénovat
pouze tunelim, kterym je nas Casopis nejblize. V prvnim bloku
vénovaném Zelezni¢nim mostim se vSak obé témata jiZ prolina-
la, zejména pfi prezentaci projektu a realizace stavby rekonstrukce
tratového dseku DECin vychod — Dé&in — Prostiedni Zleb, jehoZ
soucasti je jednak novy unikétni prihradovy Zelezni¢ni most pres
Labe, a jednak na néj pfimo navazujici DéCinsky tunel, ktery se té-
mér kiizuje s Loubskym Zelezni¢nim tunelem v nejniZsi etazi. Pa-
vodné predpokladana a relativné trividlni sanace a utésnéni osténi
DécCinského tunelu proti vodé nakonec vyustila do vymény klenby
tunelu v délce cca 140 m v oteviené stavebni jamé pfi ponechani
puvodnich tunelovych opér. Opét se potvrdila zndma skutecnost,
Ze dukladné a podrobné prizkumy, geotechnické i stavebnétech-
nické, a to jiz v ranych fazich projektovani, nejlépe jiZ pri inves-
tiénim zaméru, jsou naprostou nezbytnosti a bohaté se vyplati na
nich neSetfit. Jakékoliv zde uSetiené finan¢ni prostiedky, uréené na
pruzkumy jiz v pocatecnich fazich projektovani, jsou pak obvykle
jen nepatrnym zlomkem toho, kolik mohou stat dodate¢né sanac-
ni prace, zmény projektu, prodluzovani vyluk apod. Tento projekt
byl podrobné prezentovan v nékolika pfednaskach ze strany vSech
ucastnikl — investora, projektanta i zhotovitele.

Asi nejvétsi akce v oblasti sanaci Zelezni¢nich tunell za po-
slednich x let byla v lofiském roce rekonstrukce koridorové traté
z Brna do Blanska, kde se nachdzi devét provozovanych Zeleznic-
nich tunelt, které musely byt v jednoro¢ni vyluce rekonstruovany.

Historie téchto tunell je velmi pestra, jsou jedny z nejstarSich tu-
neldt v CR, vyraZeny byly v padesitych letech devatenictého sto-
leti a prosly za dobu své existence nékolika sanacemi ¢i opravami.
Pivodné bylo na této trati tuneld dvanact, oznacenych pouze Cisel-
né. V sedmdesatych a osmdesatych letech dvacatého stoleti byly
tunely €. 5, 6, 11 a 12 sneseny a vzniknuvsi vysoké skalni svahy
byly zajistény tehdejsi technologickou novinkou — stfikanym be-
tonem. Z hlediska estetiky a dneSnich zvyklosti zakomponovani
staveb do pfirody a terénu — hrtiza a dés.

Drive provedené sanace zbylych tuneli predstavovaly rovnéz
velmi pestrou mozaiku stavebnich technologii, bohuzel ve vétsi-
né pripadi nepfili§ uspéSnych sanaci. Posledni sanace probéhly
u nékterych tuneld v ramci modernizace 1. koridoru v poloviné
devadesatych let minulého stoleti.

Dnes, po cca 25 letech je nutné sanovat znovu a prakticky to-
téZ. Pivodni kamenné piskovcové a Zulové zdivo osténi a portala
vSech tunell podstoupilo nasledujici sanacni ,.kiry* — sparovani,
injektaze, prestiikdni betonem, vybourdni a nahrazeni nékde litym
betonem, nékde stfikanym betonem a nékde prezdénim betono-
vymi tvarnicemi. Pivodni portaly byly u vétSiny tuneld zboura-
ny a tunely prodlouZeny monolitickymi useky, které eliminovaly
dfive ¢asté padani kament do traté. V drtivé vétsiné vSech tunelti
byla hlavnim problémem prosakujici voda do dopravniho prosto-
ru, ledovani a rampouchy. Pouzité sanacni technologie, napft. kot-
vend féliova izolace s tvrdou ochranou ze stiikaného betonu v tl.
100—120 mm, pouzita poprvé v CR, si miize étendf najit ve sborni-
ku, ktery je volné ke staZeni pod odkazem v zavéru tohoto ¢lanku.

Nejradikalnéjsi sanacni kirou pak prosel nejmladsi tunel, ozna-
Ceny €. 8/2, dokonceny v roce 1990 Vojenskymi stavbami, které
jako jednoplastové osténi pouzily litinové a Zelezobetonové tu-
bingy typu Leningrad a Moskva, pouZzivané v té dob¢ jako osténi
kruhovych stani¢nich raZenych tunelli metra v Praze. Toto osté-
ni se vybouralo a nahradilo klasickym dvouplastovym osténim
s mezilehlou drendzni izolaci podkovovitého tvaru. Béhem pre-
razeni tohoto tunelu doslo k havarii (prasknuti litinového potrubi
DN 600) Brezovského vodovodu z roku 1912, ktery vede nad tim-
to tunelem. Doslo k ¢astecnému zaplaveni tunelu, ale bez posko-
zeni jak zbyvajiciho tubingového osténi, tak i nového primarniho
osténi. Jako dalsi zajimavost 1ze uvést, Ze ze stejné doby a stejnym
osténim jsou vystrojeny i Vinohradské tunely ¢. II1a a IIIb v Praze
u hlavniho nadrazi, které vykazuji obdobné poruchy — zkorodo-
vané spojovaci Srouby a zna¢né prisaky podzemni vody sparami
mezi tubingy.

Resersni prednaska Ing. Hany Ponczové seznamila nds, pii-
tomné tuneldfe, se stavem stavajicich ZelezniCnich tuneld, vy-
hodnotila nékteré jiz provedené sanace a predikovala, co nés
tunelafe v blizké budoucnosti ocekava. Prispévek o sanaci Brati-
slavského (Lamacského) tunelu u hlavniho nadraZi popisuje sou-
Casné probihajici jiz n€kolikatou rekonstrukci, pii které se pro
zamezeni prusaktl podzemni vody pouziva jiz desitky let stard
technologie vypliiovych a tésnicich injektaZzi za rubem zdéného
osténi, od které se v posledni dobé pro nizkou efektivitu a Zivot-
nost vice ¢i méné ustupuje. Uvedend metoda se v pfipadé tohoto
tunelu pouziva v kombinaci se sparovanim a licovou nastfikovou
izola¢ni membranou nad troleji. Sanace probiha, Cas ukdZe jeji
uspésnost.

Kompletni sbornik prednaSek je volné ke stazeni ve formatu
PDF na strankdach https://konferencemosty.cz/docs/sborniky/2023.
sbornik-zmt.pdf.

Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a.s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS IN UNDERGROUND CONSTRUCTION IN THE CZECH REPUBLIC
AND SLOVAK REPUBLIC

CESKA REPUBLIKA
METRO D - NOVA LINKA PRAZSKEHO METRA

V dubnu 2023 to bude jiZ rok, co byly zahdjeny price na realizaci
prvniho tseku vystavby nové trasy metra [.D, ktery obsahuje dvé
razené stanice Pankrac a Olbrachtova, déle raZeny tunelovy mezi-
stani¢ni tsek a razeny propojovaci tunel s trasou C.

V popisu projektu stoji, Ze raZend stanice Pankrac je jednolodni,
prestupni a je hluboka 33 m, Ze dvoulodni razena stanice Olbrach-
tova je vedena atypicky v oblouku a je hluboka 30,6 m, Ze tratovy
mezistanicni tisek mezi obéma stanicemi je veden v kombinaci jed-
nokolejnych a dvoukolejnych tratovych tunelt v celkové délce cca
1000 m, a Ze tunelova propojka mezi jiZ provozovanou trasou C
a dnes budovanou trasou D ma délku 976 m.

Na Pankracké plani a jejim nejbliz§im okoli je v soucasné dobé
jiZ velmi dobfe pozorovatelny pomérné€ masivni rozvoj vlastni stav-
by, kde cetné zabory ploch primarné slouZi jako zafizeni staveni$té

Obr. 1 Razba rozrdzky do vzduchotechnickych tuneli stanice Pankrdc
Fig. 1 Excavation of a tunnel eye to Pankrdc station ventilation tunnels

Obr. 2 Razba patni Stoly stanice Pankrdc
Fig. 2 Excavation of Pankrdc station bottom gallery

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

In April 2023, it will already be a year since work began on the
construction of the first section of the new metro line ID, which
includes two mined stations Pankrac and Olbrachtova, as well as
a mined interstation tunnel section and a mined tunnel connecting
Line D with Line C.

It is stated in the project description that the Pankrdc mined
station is a single-vault, interchange station and is 33m deep,
that the two-bay mined Olbrachtova station runs atypically on
a curve and is 30.6m deep, that the interstation running tunnel
section between the two stations is led on a combination of
single-track and double-track running tunnels with a total length
of approximately 1000m, and that the tunnel crossover between
the already operating Line C and the currently under construction
Line D has a length of 976m.

On the Pankric Plain and in its immediate surroundings, a
relatively massive development of the construction project itself
can already be very well observed, where numerous land use for
construction cases primarily serve as construction site facilities
and secondarily as support for the already less visible, but at the
same time, decisive activity underground, i.e. the underground
excavation itself.

As of February of this year, excavation of tunnels to the Pankrac
station is proceeding in two basic directions. In the direction from
the city centre, excavation of access galleries with a length of
174m has already been finished, and excavation of the first tens of
metres of the station’s ventilation tunnels has subsequently started
(Fig. 1). From the opposite direction and in the continuation of the
interstation section, the excavation of the station bottom gallery
itself was started, of which approximately 100m were completed
by the beginning of February (Fig. 2).

The excavation of about 230m of the running tunnels connecting
the two stations has been finished, as well as about 35m of the
ventilation plant room located halfway between them.

In addition to and in parallel with all the work being carried
out, condition survey of all buildings in the affected zone is
also ongoing, as well as monitoring of all construction sections,
including the affected part of the operating metro Line C.

The important thing is that there are also other sections, i.e.
the remaining sections of metro Line D, in preparation for future
construction. This is evidenced by the fact that at the end of 2022,
tenders were submitted by contractors for the construction of the
section Olbrachtova (except for) — Nové Dvory, including running
tunnels from Pisnice, which the contracting authority is now
assessing. The objective is to start the work on this section in the
fall of 2023 so that it can be completed and put into operation
in 2029, together with the Pankrac — Olbrachtova section, which
is already under construction. The good news is also the fact
that the connecting section Pankrdac — Namésti miru towards the
city centre, where the designer is currently preparing the design
and tender documents for the contracting authority, is not being
forgotten either. In conclusion and in accordance with the above,
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a sekundéarné jako podpora pro jiz méné viditelnou, ale pfitom roz-
hodujici ¢innost v podzemi, tedy vlastni razbu.

K tnoru leto$niho roku jsou razby do stanice Pankrac vedeny
dvéma zdkladnimi sméry. Ve sméru od centra mésta jiz byly vy-
raZeny pristupové Stoly v délce 174 m a ndsledné zahdjeny razby
prvnich desitek metr vzduchotechnickych tuneli stanice (obr. 1).
Z opacného sméru a v pokracovani mezistani¢niho tseku byla za-
hijena razba patni Stoly vlastni stanice, z které je k zacatku inora
hotovo cca 100 m (obr. 2).

Z tratovych tunelii spojujicich obé& stanice bylo vyraZeno cca
230 m a v pulce mezi nimi situované strojovny vzduchotechniky
cca 35 m.

Vedle a v soubéhu vSech provadénych praci také probihd konti-
nuélné pasportizace vSech objektll v z6né ovlivnéni a také moni-
toring vSech stavebnich oddild vcetné dotcené Casti provozované
trasy metra C.

Dulezité je, ze v pripravé pro budouci realizaci jsou i dalsi, tedy
zbyvajici iseky linky metra D. Dokladem toho je, Ze koncem roku
2022 byly podany nabidky zhotovitell na realizaci tiseku Olbrach-
tova (mimo) — Nové Dvory v€. tratovych tuneld z Pisnice, které
nyni zadavatel hodnoti. Cilem je zahdjit realizaci tohoto tseku na
podzim roku 2023 tak, aby mohl byt dokoncen a uveden do provo-
zu spolecné s jiz dnes realizovanym dsekem Pankrdc — Olbrachto-
va, a to v roce 2029.

Dobrou zpravou je také to, Ze se nezapomind ani na navazujici
asek Pankriac — Namésti miru smérem do centra mésta, kde v sou-
Casné dobé projektant pro zadavatele jiZ pripravuje projektovou
a soutéZni zaddvaci dokumentaci.

V zavéru a v souladu s vySe uvedenym muzeme tedy i dnes kon-
statovat, zZe vystavba projektu Metra D je stile v kondici a jde ve
spravném Case spravnym smérem. Zdali si to takto budeme moci
fict i priste, a to zejména s ohledem na vyvoj soutéze dalsiho useku,
uvidime.

Ani tak ov§em nic nebrani poprit a zvolat projektu Metro D jako
jiz tradi¢né, zdar buh!

Ing. BORIS SEBESTA, borissebesta61@gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

TuNel

we can state that the development of the Metro D project is still in
good shape and is moving in the right direction at the right time.
We“ll see if we‘ll be able to say it like that next time, especially
with regard to the development of the competition for the next
section.

Even so, nothing prevents us from wishing and cheering for the
Metro D project, as is traditionally the case, God Speed You!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

SINGLE-TRACK BLANENSKY (BLANSKO) TUNNEL
NO. 8/2, REGISTRATION NO. 226

As part of the “Adamov — Blansko, BC” construction, which
began in September 2021, the reconstruction of the “new” tunnel
under Novy Hrad (originally put into operation in 1992) was
carried out, among other things. It involved the re-excavation of
a single-track railway tunnel with a total length of approximately
560m. The mined part of the tunnel is approximately 546m long.
The reconstruction consisted in the gradual removal of the existing
reinforced concrete segmental lining, the expansion of the profile
and the construction of a new double-shell lining with inserted
intermediate waterproofing membrane.

The tunnel was structurally completed by October 31, 2022, and
after the installation of the trackwork and the overhead catenary,
traffic was ceremoniously resumed on the entire modernised
section Brno — Blansko on December 11, 2022. A separate
paper in the Tunel journal No. 2/2023 will be dedicated to the
reconstruction of the Blanensky tunnel No. 8/2. Fig. 3 shows the
Adamov portals of tunnel No. 8/2 and the neighbouring tunnel
No. 8/1 after reconstruction. Unfortunately, the rule has been
confirmed that after the contractor leaves the construction site, an
uninvited “artist” appears and damages someone else’s work with
meaningless scribbles.

A commemorative medal was minted on the occasion of the
completion of the reconstruction of tunnel No. 8/2. It is shown in

e
Obr. 3 Jednokolejny tunel Blanensky ¢. 8/2
Fig. 3 Single-track Blanensky (Blansko) tunnel No. 8/2




Tuel

JEDNOKOLEJNY TUNEL BLANENSKY €. 8/2
S EVIDENCNIM CISLEM 226

V ramci stavby ,,Adamov — Blansko, BC*, ktera byla zahdjena
v zafi roku 2021, byla mimo jiné provedena i rekonstrukce ,,nové-
ho* tunelu pod Novym Hradem (ptivodné uveden do provozu v roce
1992). Jednalo se o prerazbu jednokolejného Zelezni¢niho tunelu
celkové délky cca 560 m, z toho raZena ¢ast ma délku cca 546 m.
Rekonstrukce spocivala v postupném odstranéni stavajiciho Zelezo-
betonového segmentového osténi, rozsiteni profilu a vybudovani no-
vého dvouplastového osténi s vloZenou mezilehlou izolaci.

Tunel byl stavebné dokonc¢en do 31. fijna 2022 a po instalaci
kolejového svrsku a trak¢niho vedeni byl 11. prosince 2022 slav-
nostné obnoven provoz na celém modernizovaném tseku Brno
— Blansko. Rekonstrukci tunelu Blanensky ¢. 8/2 bude vénovan
samostatny ¢lanek v casopisu Tunel ¢. 2/2023. Obr. 3 zachycuje
pohled na adamovské portdly tunelu ¢. 8/2 a sousedniho tunelu
¢. 8/1 po rekonstrukci. BohuZel se potvrdilo pravidlo, Ze poté, co
zhotovitel opusti staveniste, se objevi nezvany ,,umélec*, ktery po-
nici cizi véc nesmyslnou ¢maranici.

U prilezitosti dokonceni piestavby tunelu ¢. 8/2 byla vyrazena
pamétni medaile, kterd je zobrazena na obr. 4. Na licové strané
medaile je v levé poloviné znazornéno osténi puvodniho tunelu,
na pravé pak osténi po rekonstrukci vcetné letopocti uvedeni do
provozu obou etap.

Graficky névrh: Tomas Just, Jifi Umlauf

Vyroba: Halen s.r.o0., Zlatohorskd mincovna
Material: patinovand mosaz

Parametry: @ 68 mm, hmotnost 66 g
Vyrazeno: 120 ks

Ing. Tomds Just, OHLA Z8, a.s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Biko$
Prace na stavbe tseku rychlostnej cesty R4 PreSov, severny ob-
chvat, 1. etapa pokracuju v silade so zmluvnym harmonogramom.

il I o A 1] .
Obr. 5 Pohlad do tunelovej riiry tunela Bikos
Fig. 5 View down the Bikos tunnel tube
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Obr. 4 Avers a revers pamétni medaile
Fig. 4 Obverse and reverse of the commemorative medal

Fig. 4. On the obverse side of the medal, the lining of the original
tunnel is shown in the left half, and the lining after the reconstruction
is shown on the right, including the dates of commissioning of both
construction stages.

Graphical design: ~ Tomas Just, Jifi Umlauf
Production: Halen s.r.o0., Zlatohorska mint
Material: patinated brass

Parameters: @ 68mm, weight 66g

Minted: 120 pieces

Ing. Tomds Just, OHLA Z8, a.s.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Bikos tunnel

Work on the construction of the northern bypass, stage I, section
of the R4 PreSov fast highway, continues in accordance with the
contractual schedule. Motorists will be able to start using this part
of the fast highway bypass of the regional city of Presov, which
includes the 1155m long Biko$ double-tube tunnel, in July of this
year. The contractor for this construction is the consortium of
companies Vahostav-SK, a.s. and TuCon, a.s. (Fig. 5).

The work on the structural part of the BikoS tunnel is almost
finished, the terrain finishes at the portals and operational-technical
objects are still being completed. Work continues on the mechanical
and electrical fitting-out of the tunnel, including the installation of
lighting, the laying of cables and energy supply equipment.

Motorists will have to wait a few more years for the second part
of the bypass on the R4, which will include the Okruhliak tunnel.
Its construction should take more than four years, the estimated
value is 263 million euros without VAT. The current deadline for
submitting offers and opening them in the tender is March 1, 2023,
the original deadline of May 25, 2022 has already been postponed
six times.

Cebrat tunnel

Excavation of the Cebrat tunnel is slowly becoming a thing of the
past. The southern tunnel tube was broken through on November
15, 2022, and to date, the excavation is finished, including the
bench and invert. In the northern tube, the last 4 metres remain
until the breakthrough in the top heading.

In the southern tunnel tube, the work of the miners is currently
focused on the reconstruction of the emergency lay-by No. 1
(Fig. 6), which needs to be reconstructed in the entire length of
50m due to deformations of the profile in the past. The construction
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Ttto Cast rychlostného obchvatu krajského mesta PreSov, ktorej su-
&astou je dvojrirovy tunel Biko§ dizky 1155 m, budid moct moto-
risti zacat pouzivat v juli tohto roka. Zhotovitelom stavby je zdru-
Zenie spolo¢nosti Vahostav-SK, a.s. a TuCon, a.s. (obr. 5).

Prace na stavebnej Casti tunela Biko§ su uz takmer ukoncené,
prebieha eSte dokonCovanie terénnych uprav na portaloch a pre-
vadzkovo-technickych objektov. Pokracuji prace na technologic-
kom vybaveni tunela zahriiujice montdz osvetlenia, pokladku kéab-
lov a zariadeni energetického napéjania.

Na druhu Cast obchvatu na R4, ktorej sucastou bude tunel Okruh-
liak, si motoristi budi musiet pockat este niekolko rokov. Jeho vy-
stavba by mala trvat viac ako Styri roky, odhadovana hodnota je
263 miliénov eur bez DPH. Aktudlna lehota na predkladanie a ot-
véranie ponuk v tendri je 1. marca 2023, pdvodny termin 25. méja
2022 bol uz Sestkrat posunuty.

Obr. 6 Rekonstrukcia zdlivu ¢. 1 v juZnej riire tunela Cebrat
Fig. 6 Reconstruction of lay-by No. 1 in Cebrat tunnel southern tube

Tunel Cebrat

Razenie tunela Cebraf sa stdva pomaly minulostou. JuZna tune-
lové rura bola prerazend 15. novembra 2022 a k dneSnému diiu
je razenie ukoncené vritane stuptia a protiklenby. V severnej rure
chybajui do prerazenia v kalote posledné 4 metre.

V juZnej tunelovej rdre su prace raziCov momentdlne zamerané
na rekonStrukciu nadzového zélivu €. 1 (obr. 6), ktory je potrebné
z dovodu prebehnutych deformaécii profilu v minulosti zrekonstru-
ovat v celej dizke 50 m. Realizécia sekunddrneho ostenia v juZnej
rire je uZ naplno rozvinutd. Zo zdkladovych konsStrukcii ostdva
z celého tunela zhotovit 36 protiklenieb (obr. 7). Betonaz hor-
nych klenieb je realizovand dvomi zostavami debniacich vozikov
a k dneSnému dilu je vybetonovanych 74 hornych klenieb.

V severnej tunelovej rire je predpoklad ukoncenia raziacich prac
do konca februdra 2023. Prace na sekundarnom osteni su tieZ roz-
behnuté v plnom rozsahu, hoci k dnesnému diiu maji oproti juznej
rire viac ako mesacny sklz. Zakladové konstrukcie — protiklenby
— sa dnes buduju pri prie¢nom prepojeni €. 7, o znamend, Ze uz st
za polovicou tunela. Horné klenby v severnej rire su beténované
takisto dvomi beténovacimi zostavami a dnes je vybeténovanych
40 blokov.

Tunel Cebrat s dizkou 3,6 km je stcastou tiseku dialnice D1 Hu-
bova — Ivachnova. Zhotovitelom stavby je zdruZenie spolo¢nosti
OHLA 78, a.s., a Vahostav-SK, a.s.

work on the secondary lining in the southern tube is already fully
developed. From the foundation structures, 36 inverted arches from
the entire tunnel remains to be carried out (Fig. 7). The concreting
of the upper vaults is carried out by two sets of formwork travellers;
to date concreting of 74 upper vaults has been finished.

In the northern tunnel tube, it is assumed that the excavation
will be completed by the end of February 2023. Work on the
secondary lining is also in full swing, although to date they are
more than a month delayed compared to the southern tube. Today,
the foundation structures — inverted arches — are being built at
transverse connection No. 7, which means that they are already
behind the middle of the tunnel. The upper vaults in the northern
tube are also concreted by two concrete casting sets. As of today,
40 concrete blocks are finished.

The 3.6km long Cebrat tunnel is part of the section of the D1
Hubova — Ivachnova motorway. The construction contractor is the
consortium of the companies OHLA ZS, a.s., and Vahostav-SK, a.s.

Visiové tunnel

The 7,450m long Visiiové tunnel is part of the Lietavska Lucka
— Dubné Skala section of the D1 motorway. The construction
contractor is the “SKANSKA-VISNOVE” consortium. Work on
the completion of the longest tunnel in the Slovak Republic is
ongoing in continuous double-shift operation.

During the winter period, the work on the portal parts of the
tunnel has slowed down and most of the construction work takes
place in the tunnel itself and in the drainage gallery. The operations
and technology objects (OTO) located at the western and eastern
portals are finished, including waterproofing, the final facade and
surface finishes in the rooms. At the eastern portal, work is in
progress on the definitive cladding structures using gabions.

The secondary linings in the northern and southern tunnel
tubes, including 18 emergency lay-bys concreted using formwork
travellers, are completed (Fig. 8). The last blocks of the upper vault
were carried out in the section from the eastern portal. Formwork
travellers No. 3 and No. 4 finished their work with the concreting of
two cut-and-cover blocks of the 8m long tunnel in December 2022
and January 2023. The work is also finishing on the last blocks
of the emergency lay-bys NZ-3J and NZ-3S, where the secondary
lining is being carried out by a slipform system in three steps — 2 x
side walls and the emergency lay-by vault itself. The construction

Obr. 7 Budovanie protiklenby vo vystrojovacej triede VT 7 v tuneli Cebrat
Fig. 7 Construction of invert in excavation support class No. 7 in Cebrat
tunnel




Obr. 8 Realizdcia sekunddrneho ostenia niidzového zdlivu v tuneli Visiiové
Fig. 8 Work on secondary lining of emergency lay-by in Visiiové tunnel

Tunel Visiiové

Tunel Vistiové s dizkou 7 450 m je stcasfou tseku dialnice D1
Lietavska Licka — Dubna Skala a jeho zhotovitelom je zdruZenie
.SKANSKA-VISNOVE*. Price na dokonceni najdlhsieho tunela
v Slovenskej republike prebiehaji v nepretrzite v dvojsmennej pre-
vadzke.

V zimnom obdobi sa prace na portdlovych Castiach tunela utlmili
nej S$tdlni. Prevadzkovo-technologické objekty (PTO) nachadza-
juce sa na zapadnom a vychodnom portali su stavebne ukoncené
vratane zateplenia, findlnej fasady a povrchovych tprav miestnosti.
Na vychodnom portéli prace prebiehaji na definitivnych obklado-
vych konstrukciach z gabionov.

Sekundarne ostenia v severnej a juznej tunelovej rire vratane
18 nidzovych zalivov realizovanych pomocou debniacich vozikov
st ukoncené (obr. 8). Posledné bloky hornej klenby boli zrealizo-
vané v useku od vychodného portélu. Debniace voziky ¢. 3 a ¢. 4
svoju tlohu ukondili realizaciou dvoch hibenych blokov tunela
dizky 8 m v decembri 2022 a januari 2023. Préce finiduju aj na
poslednych blokoch nidzovych zdlivov NZ-3J a NZ-3S, kde sa
sekundarne ostenie realizuje posuvnym systémovym debnenim
v troch krokoch — 2x bo¢nd stena a samotna klenba niidzového
zalivu. Stavebne bola ukoncena realizacia vSetkych 10 prestupov
do drenédznej Stolne z prieCnych prepojeni. V samotnej drendznej
S$tolni sa realizuje zosilnenie ostenia a vyklenky pre zvedenie dre-
naznych vod do stredového Zlabu.

Na hornych klenbach definitivneho ostenia prebiehaju vysprave-
nia povrchov — brusenie, Cistenie a oprava povrchu. Tieto prace sa
realizuju na piatich samostatnych pracoviskach. Zaciatkom roku
boli zacaté prace na vnitornych konstrukciach — realizacia vyplne
vyklenkov s osadenim $acht, deliacich priecok SOS kabin a prie-
¢ok do priecnych prepojeni. Stucasne v zmysle objednavatelom
schvaleného rozsahu préc sa realizujui opravné prace na drenaZznom
systéme tunela po byvalom zhotovitelovi tunela.
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of all 10 openings to the drainage gallery from the cross passages
has been structurally completed. In the drainage gallery itself,
the increasing of the lining thickness and the niches for directing
drainage water to the central trough is being carried out.

On the upper vaults of the final lining, treatment of surfaces is
taking place — grinding, cleaning and surface repair. These works
are carried out at five separate workplaces. At the beginning of the
year, work was started on the internal structures — the filling of
the niches with the installation of manholes, dividing partitions of
emergency call niches and partitions to cross passages. At the same
time, in accordance with the scope of work approved by the client,
repair work is being carried out on the tunnel drainage system
inherited after the former tunnel contractor.

In both tunnel tubes, bulk excavation of the tunnel floor has been
finished and work continues on the filling of the tunnel bottom with

Obr. 9 Poklddka Strbinovych Zlabov odvodnenia vozovky v tuneli Vistiové
Fig. 9 Installation of slotted pipes draining the roadway in Vistiové tunnel
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V oboch tunelovych rurach je zrealizovand hrubd odfazba dna
tunela a prace pokracuji na dobeténovani vyplne dna tunela. Z cel-
kovej dizky tunela ostdva zrealizovat poslednych 1 500 metrov.
V suvislosti s realizaciou stavebného objektu vozovky tunela si
naplno rozbehnuté price na realizacii drendZneho odvodnenia pla-
ne vozovky a priecnych prepojeni drendZneho systému pod vozov-
kou zo zvedenim vdd do odvodnovacej $tolne. V juznej tunelovej
rire sa zacala realizdcia odvodnenia vozovky (Strbinové Zlaby,
obr. 9).

Tunel Visiiové na D1 nie je len velky stavebny projekt v ramci
vystavby dialni¢nej siete SR. Je to aj medidlne intenzivne sledova-
na stavba, a to na zaklade jej komplikovanej historie aj sticasnosti.
Predovsetkym je to ale socidlno-spolocenska téma pre vSetkych
obcanov, ktori v okoli Ziji a kazdodenne trpia zloZitou dopravnou
situdciou v regione. Z tohto dovodu vznikla na ministerstve do-
pravy SR myslienka, ako ITudom vysvetlit zrozumitelne to, o sa
na stavbe tunela Visiové deje a kam sa stavba posiva. Posledny
aktudlny prispevok je mozné zhliadnut na linku https://youtu.be/
r2vwHJ_ywmY.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s.,
Ing. ROBERT ZWILLING, Skanska SK a.s.

concrete. Of the total length of the tunnel, the last 1,500 metres
remain to be completed. In connection with the construction object
of the tunnel roadway, work is fully underway on the drainage of the
roadway subgrade and the transverse connections of the drainage
system under the roadway directing water to the drainage gallery.
In the southern tunnel tube, the work on the roadway drainage
(slotted drains, Fig. 9) has begun.

The Visiové tunnel on the D1 is not just a large construction
project within the construction of the SR road network. It is also
a project that is intensely followed by the media, based on its
complicated history and present. Above all, however, it is a socio-
societal issue for all citizens who live in the vicinity and suffer
from the complex traffic situation in the region every day. For this
reason, the Ministry of Transport of the Slovak Republic came up
with the idea of how to explain to people in a comprehensible way
what is happening at the Vistiova tunnel construction and where the
construction is moving. The last current contribution can be viewed
at https://youtu.be/r2vwHIJ_ywmY.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s.,
Ing. ROBERT ZWILLING, Skanska SK a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY VE FRANCOUZSKEM KRAJI DAUPHINE )
PICTURE POSTCARDS WITH TUNNELS IN FRENCH REGION OF DAUPHINE

Dauphiné is the name of a former province in the southeast of
France, between the Rhone River and the Italian border, south of
Savoy and north of Provence. The largest cities of the region the-
re are Grenoble, Gap and Valence. Today, the territory is divided
between the Isére, Drome and Hautes-Alpes departments in the
Rhone-Alpes and Provence-Alpes-Cote d‘Azur regions. The na-
ture of the Dauphine region is very rugged, and that always means
building tunnels when developing the infrastructure. In the current
part of the series, several local places with tunnels are presented.
Five picture postcards present some of the tunnels on the remarka-
ble La Mure railway track, coincidently two and two pictures show
the entrance gate on the road to the canyon of the Bourne River
and also the road tunnels in the Rousset pass, and single picture
postcards present both the old tunnel on the road to the Grand Car-
touche monastery in Chartreuse and the now closed railway tunnel
in Crémieux.

Dauphiné je nazev nékdejsi provincie na jihovychodé Francie,
mezi fekou Rhonou a italskymi hranicemi, jizné od Savojska a se-
verné od Provence. Nejvét§Simi mésty jsou Grenoble, Gap a Valen-
ce. Uzemi je dnes rozdélené mezi departementy Isére, Drome
a Hautes-Alpes v regionech Rhone-Alpes a Provence-Alpes-Cote
d‘Azur. Oblast Dauphine je pfirozené velmi Clenitd, a to pfi bu-
dovéni infrastruktury vzdy znamend stavét tunely. V aktudlnim
dilu seridlu je tak prezentovdno nékolik zdejSich lokalit s tunely
— obr. 1. P&t pohlednic predstavi nékteré z tunell na pozoruhodné
Zeleznici La Mure, shodné dva a dva obrazky uvedou vstupni branu
na silnici do kationu feky Bourne a téz silni¢ni tunely v prismyku
Rousset a po jedné pohlednici jsou prezentovany jak stary tunel na

cesté k Velké Kartouze v Chartreuse, tak dnes jiZ uzavieny Zelez-
ni¢ni tunel v Crémieu.

Obr. 1 Francie - historické vizemi Dauphiné — dnes departementy Isére, Drome
a Hautes-Alpes, lokality s tunely prezentovanymi na pohlednicich v clinku
Jsou vyznacené cervené

Fig. 1 France - historical region of Dauphiné — today departements of Isére,
Drome and Hautes-Alpes, localities with the tunnels presented in the picture
postcards in the article are marked in red




Tunely na Zeleznici La Mure
Jako ,,Ligné La Mure* (Cesky ,Zeleznice ¢ Vlacek La Mure®) je
zndma uzkorozchodna trat (1 000 mm), kterd svého ¢asu napojila
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Obr. 2 Zeleznice de la Mure. Priichod Clapisse. Papeterie des Alpes, Eug.
ROBERT, Grenoble. 1899 [sbirka autorii].

Pozn.: Sprdvné pojmenovdni objektu je tunel Serguignou.

Fig. 2 De la Mure railway. Clapisse passage. Papeterie des Alpes, Eug.
ROBERT, Grenoble. 1899 [authors’ collection].

Note.: Correct name of the object is the Serguignou tunnel.

#64. - Dauphiné. - Chemin de far dlectriqua
da la Mure - Tunnel de Ia Claplase
E. %, - Phor. Piccardy

Obr. 3 564 — Dauphiné — Elektrifikovand Zeleznice de la Mure — tunel Clapisse.
E. R. - Phot. Piccardy. Po 1920(?) [sbirka autorii].

Pozn.: Obdobné jako na obr. 2 je sprdvné pojmenovdni tunelu Serguignou.

Fig. 3 564 — Dauphiné — Electrified railway de la Mure — the Clapisse tunnel.
E. R. — Phot. Piccardy. After 1920(?) [authors’ collection].

Fig.: Like in Fig. 2, correct name is the is Serguignou tunnel.
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uhelné doly v La Mure (departement Isere) se Saint-Georges-de-
-Commiers (316 m n. m.) na lince z Grenoblu do Gap. Prvni po-
zoruhodnosti drahy bylo to, Ze pri délce 30 km byly jeji koncové
stanice vzdalené vzduSnou ¢arou pouze 16 km. Volba trasy nebyla
viibec jednoducha. Udoli feky Isére se nachazi o 600 m niZe neZ
nahorni plo§ina Matheysine (900 m n. m.), a trat proto musela byt
vedena velmi ¢lenitym tdolim feky Drac. Pravé proto byl zvoleny
uzky rozchod, umoziujici jak mensi poloméry smérovych oblou-
ka, tak soucasné pfijatelné sklony do 28,5 %o.

Stavba trvala 6 let a pfisla na 12 mil. zlatych FR. Provoz byl
zahdjeny 1. 8. 1888. Od listopadu 1912 je trat elektrifikovand, a to
dnes velmi neobvyklym napétim 2 400 V.

Zeleznice plvodné pokryvala kombinovanou piepravu osob
i zbozi, predevsim kvalitniho antracitového uhli. S nastupem sil-
ni¢ni konkurence vsak nastal upadek. Jako prvni byla v roce 1950
zruSena preprava osob a nadale se vozilo jen uhli. To definitivné
skonéilo 18. 10. 1988. JiZ od roku 1978 vSak zacali driahu, od dub-
na do fijna 2x denné, vyuzivat turisté. Vyhlidkova jizda trvala pfi
rychlosti do 30 km/h cca 1 hod. a 40 min. Prvni vrchol zajmu verej-
nosti znamenal rok 2005 se 79 599 platicimi cestujicimi.

Obr. 4 36 Dauphiné — Drdha ve sténé (Ligne de la Mure) — Viadukt Loulla.
Kolorovand fotografie. Okolo 1920 [sbirka autorit].

Jizni (vjezdovy) portdl tunelu Loula pres klenuty a pro tuto Zeleznici typicky smé-
rové zakriveny Horni viadukt Loulla (110 m).

Fig. 4 36 Dauphiné — Line in the Wall (Ligne de la Mure) — Viaduct Loulla.
Coloured photo. Around 1920 [authors’ collection].

The southern (entrance) portal of the Loula tunnel Gross, the vaulted and
typically horizontdly curved Upper Loulla viaduct (110m).
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Obr. 5 566 Dauphiné — Drdha ve sténé (Ligne de la Mure) — Viadukt Loulla.
22 Kolem 1920 [sbirka autorii].

Stejné jako na obr. 4 je na pohlednici jizni (vjezdovy) portdl tunelu Loula a vpra-
vo klenuty Horni viadukt Loulla. Vlevo dole je pak videét stejnojmenny Dolni
viadukt.

Fig. 5 566 Dauphiné — Line in the Wall (Ligne de la Mure) — Viaduct Loulla.
?2? Around 1920 [authors’ collection].

Like in Fig. 4, the southern (entrance) portal of the Loula tunnel and, on the right
side, the vaulted Upper Loulla viaduct are in the picture postcard. The Lower
viaduct can be seen at the bottom left.

Tento vyvoj prerusil sesuv mezi tunely Serguignier a Brondes
26. 10. 2010. Cast skalniho titesu o kubatute cca 3 000 m? se zfitila
na trat a silné poskodila viadukt Clapisse. Byl zastaveny provoz,
propustén personal. Nasledovaly roky jednani proc, jak, ¢eho a za
co etc. etc. sjednat napravu. Zafizeni trati nezadrzitelné chéatralo,
v listopadu 2013 dokonce ¢ést trolejového vedeni odcizili zlodé-
ji médi... Po mnoha byrokratickych bitvach trvajicich dlouhych
11 let a spojenim fady finan¢nich pfispévkil v fadu desitek mil. €
(k ¢emu stat pridal jen pakatel ve vysi 160 tis. €) se podafila jista
naprava. Od 1. 7. 2021 byl do provozu znovuuvedeny polovi¢ni
usek drahy dlouhy 15 km, spojujici Mure a ,,Grand Balcon* ve
mésté Monteynard. Trasa ma inzerovanou dobu okruzni jizdy
1 hod. a 20 min. a zahrnuje pouze pét tunelt a tfi viadukty. V roce
2022 sluzby této, dnes jiz vylucné turistické, Zeleznice vyuzilo
48 000 cestujicich.

Trat méla pivodné 18 tuneld, z nichz 7 délkou presahovalo
250 m:

¢ la Festiniere — 1 071 m;

¢ les Ripeaux — 438 m;

¢ Brondes — 401 m;

e Ravison — 393 m;

e Serguignou — 309 m;

¢ les Challanches I — 298 m;

e Pré Baron — 254 m.

Souhrnné byly vSechny tunely dlouhé 4 257 m, tj. vice nez 14 %
délky celé trati; 15 tuneld bylo v oblouku, z nich 12 o minimal-
nim poloméru 100 m, dva tunely (Ravison a les Ripeaux) byly po-
losmyckové (tj. prekracujici 180°) a podélny sklon vSech tunelt se
pohyboval mezi 22,5 az 27,5 %e.

Zeleznice provozovala rovnéZ devét mostil a viadukti delSich
nez 30 m, vSechny zdéné, tfi nejkratsi byly klenuté o jednom poli
Sitky 15 ¢i 25 m. Zbyvajicich Sest klenutych mélo vice oblouki
rozpéti 10 nebo 12 m. VEtSina viaduktd se nachazela ve smérovych
obloucich a vSechny byly ve velkém sklonu [1, 2].

Z tunelt Zeleznice La Mure jsou v ¢lanku predstaveny na pohled-
nicich Ctyfi:

e Serguignou, dlouhy 309 m — obr. 2 a 3. Oba obrazky s vy-

chodnim portilem tunelu Serguignou jsou vSak mylné oznace-

570 - Dauphing. - Ligne de la Mura
E R

Obr. 6 570 — Dauphiné — Drdha ve sténé (Ligne de la Mure). Okolo 1920(?)
[sbirka autorii].

Vyhled ze severniho portdlu tunelu Chalanches 2 k jiZnimu portdlu tunelu
Chalanches 1.

Fig. 6 570 — Dauphiné — Line in the Wall (Ligne de la Mure). Around 1920(?)
[authors’ collection].

View from the nothern portal of the Chalanches 2 tunnel toward the southern
portal of the Chalanches 1 tunnel.

né jako prichod (resp. tunel) Clapisse, vyuZivajice tak jméno
tfiobloukového, 55 m dlouhého a 13 m vysokého, viaduktu
Clapisse. A pravé tento viadukt a prilehly portal tunelu Sergui-
gnou byly v roce 2010 velmi ponicené sesuvem.

(Pozn.: Jedna pohlednice s timto tunelem jiz byla uvetejnéna
v Tunelu 2/2021.)

e Loulla, tunel dlouhy pouhych 39 m, navazuje na horni via-
dukt Loula dlouhy 110 m — obr. 4 a 5. Vzhledem k nevelké
délce je vedeny v pifimé, a to jako jeden z pouhych tii na této
trati.

e Na obr. 6 je vyhled z 299 m dlouhého tunelu Chalanches 2
k navazujicimu tunelu Chalanches 1 (153 m).

Tunel v Chartreuse

Masiv Chartreuse se nachdzi v zédpadnich (savojskych) Alpach.
Znacna Cast mistni a turistické dopravy je zde obsluhovana pouze
10 km dlouhou statni silnici 520b. Ta roku 1933 spojila ve stopé
staré lesni cesty mésto Saint-Laurent du Pont s vesnici Saint-Pier-
re-de-Chartreuse. Odtud vede jen kratkd odbocka k matefskému
klasteru kartuzidnského fadu — tzv. Velké Kartouze (La Grande
Chartreuse). Pocéatky klastera i fadu zalozenych sv. Brunem se
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Route de la Grande Chartrense (Un des Teanels),
Aeerymrd, phvetobdin., Bellay

Obr. 7 Silnice Grande Chartreuse (jeden z tunelit). Bernard, phot.-édit.,
Belley. 1920 [sbirka autorii].

V levém hornim rohu pohlednice je reklama na boty ,,U neuvéritelnych* (,, Aux
Incroyables ), 8 Rue Dode, Voiron. Voiron — mésto u Grenoblu. Jde o jeden ze
dvou nejkratsich tunelii na pristupu k Velké Kartouze, a to v podobé pred rokem
1933. Prosty skalni profil tunelu neni vyssi nez 3,50 m.

Fig. 7 Grande Chartreuse road (one of the tunnels). Bernard, phot.-édit.,
Belley. 1920 [authors’ collection].

In the top left corner of the picture postcard there is an advertisement for shoes
wIncredibles* (,,Aux Incroyables ), 8 Rue Dode, Voiron. Voiron — a town Near
Grenoble. It is one of the two shortest tunnels on the approach to the Grand
Cartouche monastery in the pre-1933 form. The unsupported rock profile of the
tunnel is not higher than 3.50m.

sice kladou jiz do roku 1084, svétoznamym se vSak stal aZ po roce
1605, a to diky véhlasnému likéru...

V tzkém kationu feky Le Guiers Mort prochdzi silnice celkem
Ctyfmi tunely fazenymi bezprostfedné za sebou. Nejdelsi z nich
(cca 250 m) je na jejim pocatku, tfi kratké (cca 50 m, 30 m a nece-
Iych 10 m) asi 1 km pred odbockou ke Kartouze (viz Tunel 1/2021).
Podoba jednoho ze dvou nejkratsich tunelti z doby pted rokem
1933 je na pohlednici na obr. 7 [3].

Tunel v Crémieu

Crémieu je obec na severu Dauphiné, v mohutném ohbi reky
Rhony. Jednalo se o vyznamnou stanici na Vychodni Lyonské Ze-
leznici (Chemin de Fer de East Lyonnais — CFEL). Tato jednokolej-
né dréha spojovala Lyon s Aoste-Saint-Genix. Jeji stavba probihala
v letech 1881-1889 a pivodné méfila 124 km. Jiz pred 2. své-
tovou valkou vSak pocalo dlouhé obdobi postupného uzavirani,
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Obr. 8 Okoli Crémieu (Isére) — Soutéska Fusa. B. F., Paris. 1912 [sbirka
autorii].

Na pohlednici je stard silnice do Crémieu s vychodnim portdlem tunelu Fusa.
Oba portdly zruSeného tunelu jsou dnes zazdéné.

Fig. 8 Crémieu (Isére) surroundings —Fusa gorge. B. F,, Paris. 1912 [authors’
collection].

There is the old road to Crémieu with the eastern portal of the Fusa tunnel in the
picture poscard. Both portals of the cancelled tunnel are currently bricked over.

definitivni ukonceni provozu pfipadlo na rok 2003. Na draze se
nachazel jediny, 102 m dlouhy, tunel, pojmenovany podle soutésky
Fusa (obr. 8). Dnes je na useku byvalé Zeleznice dlouhém 18 km
cyklostezka spojujici Crémieu a Arandon [4].

Tunely v kafionu i'eky Bourne

Vyrazny masiv Vercors na hranici departementt Isére a Drome
protina feka Bourne aZ 917 m hlubokym kanonem (Gorges de
la Bourne). Karon je dlouhy 24 km a vede od mostu v Royans
(Pont-en-Royans) na soutoku fek Bourne a Isere SV smérem az do
Villard-de-Lans, jen cca 10 km od Grenoblu.

Pristupova silnice byla po 11 letech prace dokoncena roku 1872.
Nachazi se na ni pét tuneld, z toho tfi velmi kratké, charakteru ne-
vyzdénych ,,skalnich bran®. Brano od soutoku proti proudu feky:
nejdelsi z tuneld je v Arbois (cca 120 m), dva kratké v lokalité
Goule Noir — Renculer (délky cca 20 a 25 m) a v zavéru kafionu dva
tunely v Gorges (délky cca 60 a 25 m) — obr. 9 a 10.

e n, W
L\ i Dewphing — LE VER
~"€¢-‘ !::c::- :- In Bourne

by

Obr. 9 211 Dauphine — Vercors. Kaiion reky Bourne — E. R. Okolo 1920
[sbirka autorii].

Na pohlednici je prvni krdtky ,,skalni* tunel pri vstupu do karionu smérem od
Grenoblu, tj. od vychodu.

Fig. 9 211 Dauphine — Vercors. Bourne river Canon — E. R. Around 1920
[authors’ collection].

In the picture postcard, there is a short ,,rock” tunnel at the entrance to the
canyon viewed from Grenoble, i.e. from the east.
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Obr. 10 1093 - karion reky Bourne. Edition « La Cigogne », 1, rue de Palanka
— Grenoble (Excluzivité André Leconte). Okolo 1920 [sbirka autorii].

Tenty? tunel jako na obr. 9, ale zblizka.

Fig. 10 1093 — Bourne river canyon. Edition « La Cigogne », 1, rue de Palanka
— Grenoble (Excluzivité André Leconte). Around 1920 [authors’ collection].
The same tunnel as that in Fig. 9, but from close-up.

Obr. 12 Alpy v prirodnich barvich LE VERCORS - prismyk Rousset
(1 225 m). André © Grenoble. Okolo 1980 [sbirka autorii].

V levém dolnim okraji pohlednice je severni portdl nového tunelu z roku 1979.
Vpravo se nachdzi sportovni chata, postavend roku 1950 v misté piivodni, vypd-
lené za 2. sv. vdlky okupanty.

Fig. 12 The Alps in natural colours LE VERCORS - Rousset pass (1225m).
André © Grenoble. Around 1980 [authors’ collection].

In the bottom left corner of the picture postcard, there is the northern portal of
the new tunnel from 1979. On the right there is a sports cottage, built in 1950 on
the original site, burned down during the World War 2 by occupiers.
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Obr. 11 7243.2 Okoli Die (Dréme) — prusmyk Rousset — Col du Rousset
(1255 m) — Tunel (pohori Vercors — coté Vercors). Edition Rambaud, Die. —
A. Hourlier, 5, Rue Génissieu — Grenoble. 1930 [sbirka autorii].

Jizni portdl starého tunelu z roku 1866.

Fig. 11 7243.2 Die (Drome) surroundings — Rousset pass — Col du Rousset
(1255m) — Tunnel (Vercors mountain range — coté Vercors). Edition Rambaud,
Die. — A. Hourlier, 5, Rue Génissieu — Grenoble. 1930 [authors’ collection].
Southern portal of the old tunnel from 1866.

Grandidzni trase, s fadou mimoradnych vyhledu, krasovych jevt
(jeskyné, zavrty etc.) a mist pro sportovni lezce, pfidélil privodce

Michelin nejvyssi hodnoceni *** [4, 5].

Tunely v prusmyku Rousset

Jednim z maéla mist, které umoziuji vstup do nahorni ploSiny
Vercors, je prasmyk Rousset (1 367 m n. m.). Pivodni stezka pro
pési byla od jihu z obce Die nahrazena silnici otevienou v roce
1866, s prichodem na severni stranu prismyku tzv. starym tune-
lem. Je dlouhy pfiblizné 580 m a byl vyrazeny v letech 1861-1866
v nadmortské vySce 1 224 m. Po dokonceni postradal portdly, které
byly vyzdéné az po roce 1906 — obr. 11.

Novy tunel, soubézny se starym, byl dokonceny v roce 1979 —
obr. 12. Méfi 769 m a je vedeny ve vySce 1 249 m n. m. Po jeho
zprovoznéni byl stary tunel uzavieny.

Prismykem mnohokrate projizdél cyklisticky zavod Tour de
France [6, 7].
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ANNIVERSARIES

ING. JAN VINTERA SLAVI LETOS SEDMDESATINY
ING. JAN VINTERA CELEBRATES SEVENTY YEARS OF AGE THIS YEAR

,.Cas leti jako blaznivy*, fika text jed-
né populdrni ¢eské pisné. Nasemu byva-
Iému kolegovi, ktery stravil vice nez 40
let v tunelaf'ské branZzi, bude letos na za-
¢atku mésice brezna péknych kulatych 70
let. Za tu dobu vychoval mnoho dalSich
nésledovnikd, a i proto bychom mu chtéli
popfat prostiednictvim Casopisu Tunel.

Narodil se v Praze a po absolvova-
ni Stfedni pramyslové Skoly stavebni
v Dusni studoval od roku 1973 na CVUT
Fakulté stavebni v Praze. Od détstvi stej-
né tak jako v ramci studii se také aktivné vénoval basketbalu, hral I. ligu
za Spartu a jeho kolegy byli i takovi velikdni ¢eského basketbalu jako
napf. p. Zidek.

V roce 1979 hned po absolvovani studia nastoupil do spolec¢nosti VDUP
(Vystavba dolti uranového primyslu), pfedchiidce spole¢nosti Subterra,
kterd vznikla v roce 1990.

At jiz jako mistr, pozdéji pak jako stavbyvedouci, vedouci provozu
nebo hlavni inZenyr zdvodu plsobil na mnoha zajimavych stavbach, poci-
naje Stokou K v Praze, pies rizné i kanaliza¢ni sbérace (Ruzyn a Zbraslav
v Praze, Stoka Y Usti nad Labem) aZ po vystavbu kolektori, které beze-
sporu urcily i dalsi smér jeho profesniho vyvoje. Ten vedl ke Kolektoru
Kralovska cesta, Centrum I., Tylovo divadlo, Centrum I. A., ktery mezi
stavbami tohoto druhu patfil k nejvyznamnéjsim.

V roce 1997 se stal feditelem divize 1 Subterra a.s. Pod jeho vedenim
bylo zrealizovano mnoho dalSich technicky zajimavych staveb, mezi ni-
miz je tfeba zminit dalsi prazské kolektory, jako naptiklad Prikopy, Vodic-
kova a Viclavské ndmésti A a B. Z dopravnich staveb nelze opomenout Ze-
lezni¢ni tunely Krasikov I a II, Hnévkovsky 1., Mala Huba a Nové Spojeni
v Praze. Velké zkuSenosti a poznatky jsou spojeny i s tunelem Jablunkov.

Na silnicich nesou jeho podpis napr. tunely Dobrovského v Brné, tunel
na prazském okruhu 513 a tunel na délnici D8 Prackovice. Divize 1 se také
pod jeho vedenim podilela na vystavbé Metra IV.C 1.

Od poloviny roku 2009 pak Honza déle preddval své pracovni zkuse-
nosti z pozice experta pro podzemni stavby v tseku vyrobné technického
feditele.

Béhem své pracovni kariéry ziskal mnoho ocenéni, mezi nimiZ je i pa-
métni medaile Ceské tunelaiské asociace udéléna v roce 2021, které si
velmi vazi.

Podékujme Honzovi za jeho velky pracovni i lidsky pfinos pfi vystavbé
podzemnich dél nejen v Cesku (ma za sebou i vystavbu dalni¢niho tunelu
Tuhobic¢ v Chorvatsku) a popfejme mu do dal$ich let mnoho zdravi a ener-
gie pro naplnéni jeho prani.

Ing. JAN FRANTL

ROZLOUCENI

JOHN FOSTER, 1947-2022
JOHN FOSTER, 1947-2022

V zavéru loniského roku zasdhla tunelarsky svét smutnd zprava o umrti
Johna Fostera. MuZe, ktery byl nejen nezpochybnitelny odbornik svéto-
vého vyznamu predevsim v oblasti tunelovacich stroji, ale téZ zcela oby-
¢ejny Clovék moralnich hodnot, kamaradského chovéni a optimistického

. Time flies like being crazy”, says the lyrics of a popular Czech song. Our
former colleague, who spent more than 40 years in the tunnel construction
industry, will live to see the nice, rounded 70 this year, at the beginning of
March. During that time, he has cultivated many more followers, which is
why we would like to congratulate him through Tunel journal.

He was born in Prague and after graduating from the Secondary Voca-
tional School of Civil Engineering in Dusni street, he studied from 1973
at the Czech Technical University, Faculty of Civil Engineering in Prague.
From childhood, as well as during his studies, he was also actively involved
in basketball, playing in the First League for Sparta, and among his
colleagues there were also such giants of Czech basketball as, for example,
Mr. Zidek.

In 1979, immediately after graduation, he joined VDUP (Uranium
Industry Mines Development), the predecessor of Subterra, which was
founded in 1990.

Whether as a foreman, later as a construction manager, operations
manager or chief engineer of a plant, he worked on many interesting
construction projects; starting with the Sewer K in Prague, through va-
rious interceptor sewers (Ruzyn and Zbraslav in Prague, Sewer Y Usti
nad Labem) to the construction of service tunnels, which undoubtedly
determined the next direction of his professional development. This led to
the Kréalovska Cesta service tunnel, Centre I., J. K. Tyl theatre, Centre I. A.,
which was one of the most important structures of this type.

In 1997, he became the director of Division 1 of Subterra a.s. Many
other technically interesting structures were carried out under his leader-
ship. Among them we should mention other Prague service tunnels, such
as Prikopy, Vodickova and Wenceslas Square A and B. The railway tunnels
Krasikov I and II, Hnévkovsky 1., Mald Huba and New Connection cannot
be omitted from the transport construction projects he was in charge of.
Great experience and knowledge are also associated with the Jablunkov
tunnel.

On roads, his signature bear, for example, the Dobrovsky tunnels in Brno,
the tunnel on the Prague City Circle Road 513 and the Prackovice tunnel on
the D8 motorway. Division 1 also participated under his leadership in the
construction of IVC section of the metro C Line.

From the middle of 2009, Jan continued to pass on his work experience
from the position of an expert for underground construction in the
department of the chief operating and technical officer.

During his working career, he received many awards, including the
commemorative medal awarded by the Czech Tunnelling Association in
2021, which he greatly respects.

Let’s thank Jan for his great work and human contribution to the
construction of underground works not only in the Czech Republic (he also
completed the construction of the Tuhobi¢ motorway tunnel in Croatia)
and wish him good health and energy in the coming years for fulfilling his
wishes.

Ing. JAN FRANTL

LAST FAREWELL

At the end of last year, the tunnelling world was hit by the sad news
of the death of John Foster. He was not only an unquestionable expert
of world importance, especially in the field of tunnelling machines, but
also a completely ordinary person with moral values, friendly behaviour
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pfistupu k Zivotu s charakteristickym tsmévem ve tvéii. Ve své profesi
byl vysoce respektovan a uzndvan a jeho slova méla vzdy velkou vahu.
John Foster, absolvent oboru strojirenstvi, zustal po cely Zivot vérny tu-
nelovacim strojum. Nejprve ve firmé Edmund Nuttall, posléze ve spolec-
nosti R L PRIESTLEY, kde se podilel na konstrukci mnoha tunelovacich
strojit pro pouZiti ve Velké Britanii, Italii a Ceskoslovensku. Posléze jako
vykonny feditel spole¢nosti Decon a ve
spolupraci s James Howden&Company

vedl konstrukéni tym pro Ctyfi britské
stroje pro tunel pod kandlem La Manche
dodané spolecnosti Trans Manche Link.
V roce 1987 zalozil Mechanised Tun-
nelling Services jako vlastni poradenskou
firmu pro oblast tunelového stavitelstvi.
Po nésledujici tfi desetileti vyuZzival své
odborné znalosti k poskytovani konzul-

taci na projektech v Evropé, Asii a Jizni

Americe.

Je nam velkou cti, Ze ¢ast svého profesniho a kone¢né i civilniho Zivota
spojil nejprve s Ceskoslovenskem a pozdé&ji s Ceskou republikou. Pro-
to bychom radi v ¢ésti tohoto medailonku dali prostor tém, ktefi méli to
Stésti, Ze se s Johnem mohli potkat osobné, aby pfipojili svou vzpominku
na néj.

Ing. Antonin Stoklaska, IPS Praha (drive):

Johna jsem poznal v poloviné 80. let minulého stoleti ve spolecnosti
IPS Praha. Pracoval zde jak konzultant dodavatele technologie TBM fir-
my R L PRIESTLEY. S timto progresivnim, charizmatickym, energickym
a velmi komunikativnim clovékem jsme si sedli technicky i lidsky. Nase
spoluprdce pokracovala i v dalsSich letech a postupné presla v dlouhodobé
pradtelstvi, které trvalo celych 46 let. Setkdvali jsme se pri riiznych tune-
ldrskych akcich a hlavné kaZdych pét let jsme slavili nékdy v Anglii, nékdy
v Praze nase spolecné narozeniny. John byl uzndvany odbornik a pritom
velmi lidsky a vesely clovék, ktery nesmirné miloval svoji velkou rodinu
a Zivot jako takovy.

Ing. Ermin Stehlik:

. John v podstaté miiZe za moji kariéru v zahranici, byl to on, kdo mi
vyjednal interview v UK, a tak zacalo moje putovdni po svété za tunely.
Byl mi vidy velkou oporou, pokud slo o teSeni problematiky tykajici se
TBM. Povedlo se mi jej ziskat jako poradce pro Metrostav pri vystavbé
Metra V.A, kdy s ndmi byl od zacdtku projektovdani dvou TBM od firmy
Herrenknecht, aZ do jejich uvedeni do provozu. Jedna vzpominka je velmi
specifickd, a to z oslavy na stavbé Metra V.A, kdy John nemohl pit tvrdy
alkohol, ktery ndm nabizeli razici (domdci merurikovice). Aby se neurazili,
tak jsem za Johna pil jd. Vysledkem byla velmi dlouhd jizda tramvaji 22
z Bile Hory az na konecnou...

Ing. Petr Hybsky:

,,Johna jsem poznal jiz béhem vystavby metra V.A a byl jsem proto moc
rdd, Ze jeho spoluprdce s Metrostavem pokracovala i pii pripravé razeb
Ejpovickych tunelii. Jeho odborné znalosti byly nenahraditelné a pro mne
obohacujici. Nejvic mdm vSak Johna spojeného s jeho skromnosti a umé-
nim mit radost ze zcela prostych a kaZdodennich véct, jakymi byly pro-
chdzky v lesich a prirodé jeho domoviny.

Johne, vSem, kteti méli tu moZnost se s Vami setkat nebo s Vami spo-
lupracovat budete velmi chybét. Jako odbornik, jako osobnost, ale mno-
hym takeé jako kamarad. Spolecné zazitky a vzajemna spolupréce ziistanou
v nasich vzpominkach a otisk Vasi prace bude navéky vepsan do tras tune-
14 po celém svété. Dékujeme.

PETR HYBSKY

Tuel

and an optimistic approach to life with a characteristic smile on his face.
In his profession, he was highly respected and recognised and his words
always carried great weight.

John Foster, an engineering graduate, remained devoted to tunnelling
machines throughout his life. First at Edmund Nuttall, then at R L
PRIESTLEY, where he was involved in the construction of many
tunnelling machines for use in Great Britain, Italy and Czechoslovakia.
Later as Managing Director of Decon and in association with James
Howden&Company he led the design team for four British Channel
Tunnel machines supplied to Trans Manche Link. In 1987, he founded
Mechanised Tunnelling Services as his own consulting company for
the field of tunnel construction. For the next three decades, he used his
expertise to provide consultancy on projects in Europe, Asia and South
America.

Itis a great honour for us that he connected part of his professional and
finally his civil life first with Czechoslovakia and later with the Czech
Republic. Therefore, we would like to provide space in the section of
this contribution to those who were lucky enough to meet John in person
to add their memory of him.

Ing. Antonin Stoklaska, IPS Prague (previously):

I met John in the mid-1980s at IPS Praha. He worked here as a
consultant to R L PRIESTLEY, the TBM technology supplier. We
suited each other with this progressive, charismatic, energetic and
very communicative person, both technically and personally. Our
cooperation continued for the next few years and gradually turned
into a long-term friendship that lasted full 46 years. We used to meet
at various tunnelling events and especially every 5 years we celebrated
our joint birthdays, sometimes in England, sometimes in Prague. John
was a respected expert and at the same time a very human and cheerful

person who loved his large family and life in general.

Ing. Ermin Stehlik:

“John is basically responsible for my career abroad, he was the
one who arranged an interview for me in the UK, and that’s how my
Jjourney around the world behind the tunnels began. He was always a
great support for me when it came to solving issues related to TBMs. 1
managed to get him as a consultant for Metrostav during the construction
of Metro VA line, when he was with us from the beginning of the design
of two TBMs from the Herrenknecht company until they were put into
operation. One memory is very specific, from the celebration at the
Metro VA construction site, when John could not drink the hard alcohol
offered to us by the miners (homemade apricot brandy). So that they
wouldn‘t be offended, I drank “on John’s behalf”. The result was a very
long ride on tram No.22 from Bild Hora to the final destination...

Ing. Petr Hybsky:

I met John already during the construction of the VA metro line,
and I was therefore very happy that his cooperation with Metrostav
continued during the driving of the Ejpovice tunnels. His expertise was
irreplaceable and rewarding for me. In addition, what I associate most
with John is his modesty and ability to enjoy simple and everyday things,

such as walks in the woods and nature of his homeland.

John, you will be greatly missed by all who had the opportunity to
meet or work with you. As an expert, as a personality, but also as a
friend to many. Rekolections of shared experiences and cooperation will
remain in our memories, and the imprint of your work will forever be
inscribed in tunnel routes around the world.

PETR HYBSKY
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2 CINNOSTI PRACOVNICH SKUPIN CZTA WORKING GROUPS

WORLD TUNNEL DAY
WORLD TUNNEL DAY

Youg members mezinarodni tuneldrské asociace (ITA_ym)
v roce 2022 opét poradaly tzv. World Tunnel Day. Akce se konala
5. prosince on-line pies platformu zoom jako forma oslavy svat-
ku sv. Barbory. Jednalo se o 24hodinovy maraton prezentaci ze
vSech koutl svéta. V ramci akce jednotlivé narodni asociace Young
Members prezentovaly svoji ¢innost a informovaly, co se déje v je-
jich zemich na poli podzemnich staveb. CzTA_ym se akce rovnéz
zucastnila jako kazdy rok ve sdileném bloku spolu s Némeckem
a Rakouskem. Videa prezentaci je mozné zhlédnout na youtube:
https://www.youtube.com/@itaym3126/videos.

Dr.-Ing. ZDENEK ZIZKA, zdenek.zizka@metroprojekt.cz

5 DEC ONLINE MEET:Up  ©
WORLD TUNNEL DAY 2022 - Timetable (GMT)
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World Tunnel Day

siifarbara Dy Bilpvelunnols  #Thym

Youg members of the International Tunnelling Association
(ITA_ym) again organised the World Tunnel Day in 2022. The
event took place on December 5, online via the Zoom platform
as a form of celebration of St. Barbara. It was a 24-hour marathon
of presentations from all over the world. As part of the event,
individual Young Members national associations presented their
activities and informed what is happening in their countries in the
field of underground construction. CzZTA_ym also participated in
the event as every year in a shared block together with Germany
and Austria. Presentation videos can be viewed on YouTube:
https://www.youtube.com/@itaym3126/videos.

Dr.-Ing. ZDENEK ZIZKA, zdenek.zizka@metroprojekt.cz

WORLD TUNNEL DAY

5 DECEMBER 2022

CELEBRATING TUNMELS &
TUNMNELLERS ARDOUND THE GLOBE

JOIN VIRTUALLY ANYWHERE &
os ANY DEVICE

EVENT START: +0.00 GMT

in litaym
) @itaym3s

#WorldTunnelDay
World Tunnel Day

#StBarbarasDay filovetunnels  8ITAym

ZPRAVODAJSTVIi CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

KONFERENCE PODZEMNI STAVBY PRAHA 2023
CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2023

The 15" international conference Underground construction
Prague 2023 will be held from May 29 to 31, 2023 at the Clarion
Congress Hotel in Prague. 150 abstracts from 28 countries
have been registered at the conference. At the end of 2022, the
introductory and invited lectures were specified, to be again
given by renowned foreign experts. As part of the conference,

there will also be a panel discussion focused on tunnel accidents
(causes, risks and measures). On Sunday 28 May 2023 (i.e. the
day before the conference) an accompanying course focusing on
the use of BIM in underground construction will be organised.
All information about the conference is available on the website
www.ucprague.com.
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15. ro¢nik mezinarodni konference Podzemni stavby Praha 2023
se uskutecni ve dnech 29. a7 31. kvétna 2023 v prazském kongre-
sovém hotelu Clarion. Konference probéhne v obdobném formétu
jako v minulosti. Soucasti konference bude opét spolecensky vecer
v Brevnovském kléstefe, technické exkurze, posterova sekce, vy-
stava, apod.

Na konferenci bylo pfihlaseno 150 abstrakti z 28 zemi. Nece-
14 polovina piihlaSenych abstraktii je z CR (70 abstrakth), ostatni
prihlaSené abstrakty jsou prevazné z evropskych zemi, ale i z fady
mimoevropskych zemi (napf. Australie, Chile, Cina, Indie, Irak,
Kanada, Korea, Singapur, USA, atd.). Vysledny pocet pfihlaSenych
abstraktd je niz$i neZ v minulych letech (2010 bylo 217 abstrakta,
2013 bylo 178 abstraktii, 2016 bylo 225 abstrakti a 2019 bylo 190
abstrakti).

Koncem roku 2022 byly upfesnény tivodni a vyzvané pirednas-
Ky, které opét pfednesou hlavné renomovani zahrani¢ni odbornici
jako prof. Robert Galler a Gerhard Harer (oba z Rakouska), Dr.
Vojtech Gall a Nasri Munfah (oba z USA), prof. Bai Yun z Ciny,
prof. Shahab Yasrobi z Kanady, Martin Knights ze Spojeného kra-

lovstvi, Heinz Ehrbar ze Svycarska, Dr. Davorin Kolic z Chorvat-
ska, Dr. Monika Mitew-Czajewska z Polska, atd.

V ramci konference také probéhne panelova diskuse zamérena
na havarie tuneld (pficiny, rizika a opatieni), mezi panelisty také
bude fada renomovanych zahrani¢nich odbornikil ptisobicich na
manazerskych pozicich v projekénich, zhotovitelskych i investor-
skych spole¢nostech.

V nedéli 28. kvétna 2023 (tj. den pied konferenci) bude uspora-
dan doprovodny kurz zaméreny na pouZzivani BIM v podzem-
nim stavitelstvi, coz je v souc¢asné dob¢é velmi aktudlni téma. Ucast
na kurzu je tfeba potvrdit, poplatek za kurz 1000 K¢ neni zahrnut
v registratnim poplatku konference, kapacita salu je omezena.

Veskeré informace o konferenci jsou dostupné na webovych
strankach www.pspraha.cz (¢esky) a www.ucprague.com (anglic-
ky). Standardni registrace uicastnikii konference bude ukonce-
na 10. 4. 2023, nasledné bude mozné vyuzit pozdni registraci za
vySs§i poplatek. Tésime se na Vasi acast.

prof. Ing. MATOUS HILAR, Ph.D., hilar@3-g.cz
predseda védecké rady konference PS 2023

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
NEWSLETTER OF THE SLOVAK TUNNELLING ASSOCIATION

The General Assembly of the Slovak Tunnelling Association
was held on November 4, 2022 in the premises of the Faculty of
Civil Engineering of the Slovak Technical University in Bratislava.
Among most important points of the General Assembly there was
the Election of the new STA Committee for the period 2023-2026.
The General Assembly elected the eleven members of the STA
Committee from the submitted list of candidates for the period of
the next four years. The newly elected STA committee met for the
first time at a meeting on February 3, 2023 at the association‘s
headquarters. The election of STA officials for the period 2023—
2026 took place in accordance with the statutes. Ing. Miloslav
Frankovsky was elected chairman, Ing. FrantiSek Ockajak vice-
president and Ing. Victoria Chomova the secretary.

Dna 4. novembra 2022 sa v priestoroch Stavebnej fakulty Slo-
venskej technickej univerzity v Bratislave konalo Valné zhromaz-
denie Slovenskej tunelarskej asociacie.

V prvych bodoch programu boli predlozené sprava o ¢innosti
STA a sprdva o hospodareni STA. Spravu o ¢innosti prezentoval
predseda STA Ing. Miloslav Frankovsky a spravu o hospodéreni
povereny Clen vyboru Ing. Ivan Michale.

Dalsim bodom Valného zhromaZdenia boli volby nového vyboru
STA na obdobie rokov 2023-2026. Valné zhromaZdenie z predlo-
Zenej kandidatky zvolilo jedendstClenny vybor STA na obdobie
nasledujucich Styroch rokov. Novozvoleni ¢lenovia vyboru STA
st nasledovni (v abecednom poradi): Ing. Tibor Bielokostolsky,
TuCon a.s., Ing. Miloslav Frankovsky, Dopravoprojekt a.s., Ing.
Viktéria Chomovd, Dopravoprojekt a.s., RNDr. Michal Kubis,
PhD., DPP Zilina spol. s r.0., Ing. Jan Kugnir, MDV SR, Ing. Sotia
Masarovi¢ové, PhD., SvF ZU Zilina, Ing. Ivan Michale, Vahostav
— SK a.s., Ing. FrantiSek Ockajdk, Doprastav a.s., Ing. Lubo§ Roj-
ko, PhD., Geoconsult s.r.o., Ing. Jaroslav Strba, Narodna dialni¢na
spolo¢nost a.s., Ing. Robert Zwilling, Skanska a.s.

V dalSom bode boli prediskutované planované aktivity STA
v nasledovnom obdobi. Diskusiu o planovanych aktivitich viedla
Ing. Viktéria Chomova. Hlavnymi bodmi, na ktoré sa novy vybor
STA chce sustredit, si nasledovné:

* Spolupréca s vysokymi $kolami, zahriiujica podporu vyucby

odbornych predmetov na technickych univerzitich, ktoré su
¢lenmi STA.

e Spoluprica s prevadzkovatelmi tunelov (Narodnd dialni¢na
spolo¢nost a Zeleznice Slovenskej republiky), pri¢om sa pred-
poklad4 prehibenie spoluprice pri rieseni problémov v pre-
vadzkovanych tuneloch.

e Organizicia konferencii a semindrov, pri¢om sa vybor zaobe-
ral moZnostou organizacie konferencie k vyrociu 30 rokov od
zalozenia STA. Predbezné navrhované terminy konferencie sa
predpokladaju na jar alebo jesen 2024.

V poslednom bode programu, diskusii, vystipilo viacero ucast-
nikov valného zhromaZdenia, pricom ich prispevky sa tykali nasle-
dovnych tém:

e Pri publikovani odbornych ¢lankov autori Casto nardzaju na
problém pri zverejiovani tdajov a informacii o stavbach zo
strany investora.

e Problémy s realizaciou, interpreticiou a vyhodnotenim vy-
sledkov geotechnického monitoringu po skonceni vystavby
tunelovych stavieb.

¢ Obhliadky tunelovych rur a monitoring poc¢as planovanych od-
stavok tunela.

e Problémy s exkurziami a navStevami na prebiehajicich stav-
bach.

* Moznost realizicie exkurzie na stavbe Rychlostna cesta S1
Bielsko-Biata — Zywiec — Zwardoti na tseku Przybedza — Mi-
I6wka (obchvat Wegerska Gorka).

e Rozpocet na rok 2023 — diskusia na tému vysky clenského
prispevku. Vic8ina diskutujucich sa priklanala k ¢lenskému
prispevku bez redukcie.

Novozvoleny vybor STA sa prvykrat stretol na rokovani dia
3. februdra 2023 v sidle asociécie. V zmysle stanov sa uskutocnila
volba funkcionarov STA na obdobie 2023-2026. Za predsedu bol
navrhnuty Ing. Miloslav Frankovsky, za podpredsedu Ing. Franti-
Sek Ockajak a za sekretara Ing. Viktoria Chomova. Pritomni ¢leno-
via vyboru jednohlasne potvrdili vSetky tri nominécie.

Ing. MILOSLAV FRANKOVSKY
predseda Slovenskej tuneldrskej asocidcie
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1.UVODNIK m Tunel PreSov, zmeny technického rieSenia pocas vystavby

EDITORIAL PreSov Tunnel, Changes in Technical Solution

. Sosl X ‘. during Construction

Ing. MIChfl serdk, clenv redakcnlvrady 1720221 Ing. Miloslav Frankovsky, Ing. Adriana Jakubikova,

Ing. Tomas: Koranda, predseda predstavenstva Ing. Roman Sly, Ing. Jan Zajac 12022 59

spolec¢nosti HOCHTIEF CZ a. s. 1/2022 2 L L o

Ing. Radko Bucek Ph.D., generdlni feditel ® Tunel Swinoujscie — obtiaze suvisiace s geotechnickymi

podmienkami pri vyuziti bentonitového Stitu

B MvacDonald C?’ SPOI' § L.O. Iz e Swinoujscie Tunnel — Difficulties Related to Geotechnical

Ing. Sotia Masarovicovd, Ph.D., Conditions when Using a Slurry Shield

Clenka redak¢ni rady 2/2022 1 Dipl. Ing. Arthur Gobl, Ing. Lubica Pistanska 2/2022 4
Invg. Pavel Zuzula, konatel PORR s.r.0. B Vyznamné zmény v nadlozi historickych

a ¢len predstavenstva PORR a.s. 2/2022 2 Vinohradskych tunelt

prof. Ing. Jifi Maca, CSc., Significant Changes in the Overburden of Historic

dékan Fakulty stavebni CVUT v Praze 2/2022 3 Vinohrady Tunnels

Ing. Petr Hybsky, &len redakéni rady 32022 1 prof. Ing. Jifi Bartik, DrSe. 2/2022 26
Ing. Martin Srb, Ph.D., partner a jednatel m Portdlové useky dvou bazovych Zelezni¢nich tunelt

spolec¢nosti 3G Consulting Engineers s.r.o. 3/2022 2 - porovnén.i geologickych podminek

pot. Ing. Marina efinko,Ph.D. Poral Seeionsof v Bus Ry Turels

e SEE 3 Mgr. Jiti Zmitko, RNDr. Tom4S Svoboda, Ph.D. 32022 4
Ing. Vlastimil Horak, ¢len redakcni rady 4/2022 ) _y ) 3 i

Mgr. Lucie Bohétkovd, dlenka predstavenstva B Projekt tunelu raZeného pomoci Nové rakouské

tunelovaci metody pro stavbu dalnice v Indickém Himalaji

a obchodni feditelka SG Geotechnika a.s. 4/2022 2 NATM Tunnel Design for Highway Project
Ing. Lubos Rojko, PhD., konatel spolo¢nosti in Indian Himalaya
GEOCONSULT, spol. s r.o. 4/2022 3 Dr. Andreas Goricki 3/2022 15

B Zmrazovani horninového masivu jako pomocné
opatieni pro razbu tunelu pod hlavnim nadrazim v Bernu
Artificial Ground Freezing as a Consolidation Measure

2.PODZEMNI URBANISMUS, VYHLEDOVE STAVBY, NORMY
UNDERGROUND CITY PLANNING, PROSPECTIVE PROJECTS,

STANDARDS For Tunnelling under Bern Main Station
m Stanice Nové Dvory na nové lince I.D prazského metra Simon Klosges M.Sc., EUR ING Michael Miiller 3/2022 53
Wi i) Kigis:orh o Ui Weny Ligez LoD B ZkusSenosti z razeb v komplikovanych geologickych
of the Prague Metro y podminkéch v Himélaji — raZba tunelu Rohtang, Indie
Ing. Pe.tr Makas.e.k, Ph.D., Ing. Ales Veverka, Experiences during Tunnelling in Extreme Ground
Ing. Michal Hnilicka 172022 31 Conditions in the Himalayas — Excavation
® Stanice Nové Dvory — staticky navrh primérniho osténi of Rohtang Tunnel, India
pouZitim 3D vypoctu Ing. Radek Bernard, Ph.D. 4/2022 4

Nové Dvory Station — Structural Design

for Primary Lining Using 3D Computation B Stary tunel cisara Wilhelma — rekonstrukcia

130-ro¢ného Zelezni¢ného tunela

Ing. Katarina Sobolové, Ing. Véroslav Hruby, Ph.D. 172022 40 The Old Emperor Wilhelm Tunnel — Reconstruction
m Navrh Hosinského a Chot}’/éanského tunelu ()fa ]30-year-0[d Railway Tunnel
s diirazem na bezpec¢nostni feseni Dipl.-Ing. Gernot Jedlitschka,
Design of Hosin and Chotycany Tunnel Ing. L.ubos Rojko, PhD. 4/2022 33
with Emphasis on Safety Solutions
Ing. Michal Hnili¢ka, doc. Ing. Petr Kucera, Ph.D. 1/2022 49 4.METRO
W Sucasnd vystavba metra vo Viedni — vyzvy suivisiace SUBWAY
s vystavbou podzemnej drahy v mestach
Vienna Metro Current Construction — Challenges m Doplitkovy geologicky prizkum metra D v Praze
of Metro Construction in Urban Areas —asek VO-OL
Dipl. Ing. Harald Glosl, Ing. Lubica Pi3tanska 2/2022 11 Complementary Geological Survey of Metro D

in Prague — Section VO-OL

B Portalové useky dvou bazovych Zelezni¢nich tunelti Ing. Radek Kozubik, Ing, $tSpén Obrhel,

— porovnani geologickych podminek

Portal Sections of Two Base Railway Tunnels L, L T Sjpie A &
— Comparison of Geological Conditions B Vystavba bezbariérového zpristupnéni stanice
Mgr. Jifi Zmitko, RNDr. Tomas Svoboda, Ph.D. 3/2022 4 metra Karlovo namésti
Construction of Barrier-Free Access to Karlovo
3.DOPRAVNI STAVBY Ndmésti Metro Station 5
TRANSPORT-RELATED PROJECTS Ing. Petr Luka, Ing. Martin Speta,
B Névrh Hosinského a Chotycanského tunelu s diirazem s 2R
na bezpecnostni feSeni m Metro ,,Cityring* v Kodani — tsek ,,Branch off
Design of Hosin and Chotycany Tunnel with Emphasis to Sydhavn*
on Safety Solutions Copenhagen Metro Cityring — Branch off to Sydhavn

Ing. Michal Hnilicka, doc. Ing. Petr Kucera, Ph.D. 1/2022 49 Ing. Barbora PiSova, Ph.D. 172022 26
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Nové Dvory Station on the New Line 1.D tunelovych staveb
of the Prague Metro Analysis of Diagnostic Data of Tunnel
Ing. Petr Makasek, Ph.D., Ing. Ale§ Veverka, Structures Control Systems
Ing. Michal Hnilicka 1/2022 31 Ing. Jiif Stefan, doc. Ing. Tom4s Tichy, Ph.D., MBA,
B Stanice Nové Dvory — staticky navrh primarniho Ing. Jiti Broz, MSc. 22022 42
osténi pouZzitim 3D vypoctu m Portdlové dseky dvou bazovych Zelezni¢nich tuneli
Nové Dvory Station — Structural Design for Primary — porovnani geologickych podminek
Lining Using 3D Computation ; Portal Sections of Two Base Railway Tunnels
Ing. Katarina Sobolov4, Ing. VEroslav Hruby, Ph.D. 172022 40 — Comparison of Geological Conditions
m Stcasnd vystavba metra vo Viedni — vyzvy stvisiace Mgr. Jifi Zmitko, RNDr. Tomas Svoboda, Ph.D. 3/2022 4
s vystavbou podzemnej drahy v mestach . oy 5 -
Vienna Metro Currgnl Construction — Challenges . ;{}13][:[%‘:;2;13312 I}Z;Z(:lﬂgi;spivog‘zuce;lorlazeb a nilady
of Metro Construction in Urban Areas
Dipl. Ing. Harald Glosl. Ine. Lubica Pistanska 20022 11 on the Advance Rate and Costs
1pl. ing. Hara 0sl, Ing. Lubica ristanska Dr. Dipl.-Ing. Peter Johann Sellner,
B Razby metra ve Stockholmu, tunel Jarfilla Dipl.-Ing. Giinter Strappler, Klaus Erkurt 3/2022 20
— sekce Landingsbanan L. . . )
Driving Metro %mnels in Stockholm, Jérfdlla - VyhOdl:lOCCl’ll Z(.)l’l’ll’ldukOV%I.l}iCh razbou dila
Tunnel — Landingsbanan Section v pevnyc.h hf)mlnach 5 VY“,thlm
Ing. Jiti Hor&icka 3/2022 40 matematického modelovani
Evaluation of Excavation Damage Zones
B Dozor pfi razbé stanic nové trasy metra Eglinton in Solid Rocks using Mathematical Modeling
v Torontu doc. RNDr. Eva HrubeSova, Ph.D.,
Supervision during the Excavation Ing. Lukas Durig, Ph.D. 3/2022 29
of the New Eglinton Subway Line Stations in Toronto
Ing. Radek Bernard, Ph.D. 4/2022 22 ® Analyticky vypocet poklesu nezpevnéného
zasypu v likvidovanych diilnich jamach
= Analytical Calculation of the Subsidence
5. I;QIVT/‘E\;!:C‘?\SEbI;ﬁ.liﬁﬂ?l'lz\lvhgnl.gLESﬂzkAgfIII;LOFIL E TUNNELS of Unconsolidated Backfill of Liquidated Mine Shafts
' 4 doc. Ing. Karel Vojtasik, CSc. 3/2022 35
- ;r;g;/i;(gso%%lz)z\:g(;))rtlurrlli\lzfg);/rz(l)r;oa\ggs;avbe ] V}’Qkurp .hy(}raulicky.ch a migr/aénich Ylastnosti
Innovations Applied to the Design and Construction kr ysta.hmc.kyc.h hornin v Cgske repgbllcg .
of the Arroyo Vega Flood Prevention Tunnel Investzgatl(.m into Hydraullc and Mlgrangn Properties
Augustin Juan Guastavino, Bruno A. Vicente, R. Sold ~ 4/2022 42 of Crystalline Rocks in the Czech Rgp ublic
RNDr. Karel Sosna, Ph.D., Mgr. Milan Zuna, Ph.D.,
6.SANACE, REKONSTRUKCE, UDRZBA, OPRAVY Ing. Libor Gvozdik, Mer. Ondfej Svagera, W02r 14
RECONSTRUCTION, REINSTATING, MAINTENACE, ng. Jan smutek, Fh.L.
REPARATION B Vlastnosti horninového masivu nezbytné
B Stary tunel cisara Wilhelma — rekonstrukcia pro navrh podzemnich krytd
130-ro¢ného Zelezni¢ného tunela R{?Ck Mass Properties Required for Design
The Old Emperor Wilhelm Tunnel of Underg;.’ound Shelters
— Reconstruction of a 130-Year-Old Railway Tunnel Ing. Veronika Pavelcovd, Ing. Alexander Kravcov, Ph.D.,
Dipl.-Ing. Gernot Jedlitschka, Ing. Petr Kube&ek, Ing. Jifi Stoller, Ph.D. 4/2022 54
Ing. Lubos Rojko, PhD. 4/2022 33
i o 9.RUZNE
7.TEORIE, VYZKUM, SLEDOVANI MISCELLANEOUS
THEORY, RESEARCH, MONITORING . Y - . .
B Vystavba bezbariérového zpiistupnéni stanice
® Dopliikovy geologicky pruzkum metra D v Praze metra Karlovo namé&sti
— tsek VO-OL Construction of Barrier-Free Access to Karlovo
Complementary Geological Survey of Metro D Ndmésti Metro Station
in Prague — Section VO-OL Ing. Petr Luka, Ing. Martin Speta,
Ing. Radek Kozubik, Ing. Stépan Obrhel, Ing. Radek Kozubik 12022 15
Ing. Martin Speta 172022 4
. ) o L ® Navrh Hosinského a Chotycanského tunelu
u Sta£n§e Nov\_/e’ Dvory - sta:ucky navrh primérniho s diirazem na bezpe&nostni feeni
OStel}l popZtny 3.D wrerm . . Design of Hosin and Chotycany Tunnel
2’?‘{6 D;/]O}"y Sg‘gmg B Sti;ui'tural Design for Primary with Emphasis on Safety Solutions
ining Using omputation : i %
Ing. Katarina Sobolov, Ing. Veroslav Hruby, Ph.D. 12002 40 Ing. Michal Hnilicka, doc. Ing. Petr Kucera, Ph.D. 172022 49
B Precerpavacia stanica Musaimeer s odtokovym tunelom . S}l casna vystz}ivbagn etra 2’10 Vledr'uc;’\lllyzvy ich
_ vyuZitie metody BIM pri realizacii velkych projektov stivisiace $ vystavbou podzemnej drahy v mestac
Musaimeer Pumping Station with Outfall Tunnel We}‘r/llna Wiz Currefnt Const;uctf:n — Qeatlripzen
— Use of the BIM Method during the Construction g. etro Constructtz?'n iz U an Areds .
of Large Projects ipl. Ing. Harald Glosl, Ing. Lubica Pistanska 2/2022 11
Ing. Pavel Zuzula, Ing. Lubica Pistanska 2/2022 19 B Precerpavacia stanica Musaimeer s odtokovym tunelom
m Vyznamné zmény v nadloZi historickych — vyuzitie metédy BIM pri realizicii velkych projektov
Vinohradskych tunel Musaimeer Pumping Station with Outfall Tunnel
Significant Changes in the Overburden — Use of the BIM Method during the Construction
of Historic Vinohrady Tunnels of Large Projects
prof. Ing. Jif{ Bartdk, DrSc. 2/2022 26 Ing. Pavel Zuzula, Ing. Lubica Pistanska 2/2022 19
B Odezva horninového masivu pri pouZziti B Vyznamné zmény v nadloZi historickych
ekvivalentnich podminek poruseni v analyze MKP Vinohradskych tunelt
Rock Mass Response using Equivalent Failure Significant Changes in the Overburden
Criteria in FEM Analysis of Historic Vinohrady Tunnels
Ing. Tereza Zalsk4, prof. Ing. Michal Sejnoha Ph.D. 2/2022 34 prof. Ing. Jifi Bartak, DrSc. 2/2022 26




Tuel 32. rocnik - €. 1/2023

BIBLIOGRAFIE CLANKU A STATI Cislo Strana BIBLIOGRAFIE CLANKU A STATI Cislo Strana
BIBLIOGRAPHY OF ARTICLES PUBLISHED Issue  Page BIBLIOGRAPHY OF ARTICLES PUBLISHED Issue  Page
B Vliv prifezu tunelu na rychlost postupu razeb B Vystavba tuneld na rychlostni silnici

a naklady M85 V. etapa, Bécsi Domb Madarsko

The Influence of the Tunnel Cross Section Construction of Tunnels on Fast Highway

on the Advance Rate and Costs M85 V" Phase, Bécsi Domb, Hungary

Dr. Dipl.-Ing. Peter Johann Sellner, Ing. Jan Frantl, Ing. Gergely Bolcskei 4/2022 73

Dipl.-Ing. Giinter Strappler, Klaus Erkurt 3/2022 20

13. AKTUALITY Z PODZEMNICH STAVEB V CESKE

® Vyhod i z6n induk ych razbou dil _
yhodnoceni z6n indukovanych razbou dila A SLOVENSKE REPUBLICE

v pevnych horninich s vyuZitim matematického

Teekileviah CURRENT NEWS FROM THE CZECH AND SLOVAK

Evaluation of Excavation Damage Zones UNDERGROUND CONSTRUCTION

in Solid Rocks Using Mathematical Modeling Cesk4 republika

doc. RNDr. Eva Hrubesova, Ph.D. -

5 2 0 The Czech Republ,
Ing. Luka$ Duris, Ph.D. 32022 29 clemmnatie
B Metro D — nové linka prazského metra

B Analyticky vypocet poklesu nezpevnéného zasypu Metro D — New Line of Prague Metro

v likvidovanych dulnich jamach Ing. Boris Sebesta, Ing. Michal Serak 172022 71

Analytical Calculation of the Subsidence m Jednokolejny tunel Blanensky & 8/2, S.E.C. 226

of Unconsolidated Backfill of Liquidated Mine Shafts Blansko Sgngle—Track Tunnel};\’c;. 8/2’ R.E.G..No. 226

doc. Ing. Karel Vojtasik, CSc. 3/2022 35 Ing. Tomas Just ’ 12022 73
m Vyzkum hydraulickych a migracnich vlastnosti m Stavba I/42 Brno — VMO Zabovieska I — Etapa IT

krysta@lmc.kyc.h hornin v (Y:.eske repl%bhce. Project I/42 Brno — LCCR Zabovreskd I — Stage IT

Investigation into Hydraulic and Migration Ing. Jan Frantl, Ing. Andrej Korba 172022 74

Properties of Crystalline Rocks in the Czech Republic . Y ..

RNDr. Karel Sosna, Ph.D., Mgr. Milan Zuna, Ph.D., . %elvez?.lcmRtu'rlle;lw ZVCI;OHCC

Ing. Libor Gvozdik, Mgr. Ondfej Svagera, verolice Rail unne

Ing. Jan Smutek, Ph.D. 42022 14 Ing. Libor Matik 172022 75
m Dozor pii razbé stanic nové trasy metra Eglinton Slovenska republika

v Torontu The Slovak Republic

Supervision during the Excavation ® Tunely na dialni¢nej sieti

of the New Eglinton Subway Line Stations Tunnels on Motorway Network

in Toronto Tunel Biko$ 172022 76

Ing. Radek Bernard, Ph.D. 4/2022 22 Bikos Tunnel
B Vlastnosti horninového masivu nezbytné ?::ZLZ,C%%; I LRl

1350 DR [ el LS Tunel Vidtiové 12022 77

Rock Mass Properties Required for Design
of Underground Shelters
Ing. Veronika Pavelcova,

Visriové Tunnel
Ing. Miloslav Frankovsky, Ing. Ivan Michale,

Ing. Alexander Kravcov, Ph.D., Ing. Petr Kubecek, Ing. Vladimir Kotrik, Ing. Jan KuSnir
Ing. Jifi Stoller, Ph.D. 4/2022 54 B Tunely na Zeleznicnej sieti
Tunnels on Railway Network
11. TECHNOLOGIE I;nel Milochov 172022 79
ilochov Tunnel
EQUIPMENT Ing. Miloslav Frankovsky, Ing. Ivan Michale,

B Tunel Presov, zmeny technického riesenia pocas vystavby Ing. Vladimir Kotrik, Ing. Jan Ku$nir

PreSov Tunnel, Changes in Technical Solution Ceska .

during Construction eska republika .

Ing. Miloslav Frankovsky, Ing. Adriana Jakubikova, The Czech Republic

Ing. Roman Sily, Ing. Jan Zajac 12022 59 B Metro D — nova linka prazského metra

. . L o o Metro D — New Line of Prague Metro
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