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Véazeni pfiznivci podzemnich staveb,

toto ¢islo odborného ¢asopisu Tunel vychazi v dobé kondni 16. ro¢niku mezinarodni konference Podzemni stavby Praha
2026 a je soucasti konferen¢nich materialéi. Jde o nejvétsi tunelaiskou konferenci v Ceské republice, kterd navazuje na
predchozi ro¢niky organizované zpravidla s tfiletym intervalem. Konference tradi¢né probéhne v osvédceném formétu
v kongresovém hotelu Clarion v Praze. Kromé tivodnich pfednasek a prednasek v tematickych sekcich byla letos do progra-
mu konference zafazena panelova diskuse zaméfena na aktudlni téma projektové piipravy a vystavby podzemnich staveb na
vysokorychlostnich tratich. Obdobné jako v minulosti budou na konferenci prednéset a diskutovat renomovani zahrani¢ni
fecnici, standardni bude také spolecensky vecer zajistény v reprezentacnich prostorach Bievnovského klastera.

Rad bych touto cestou podékoval v§em, ktefi se podileli na pfipravé konference. Jedné se predevsim o Cleny pfipravného
vyboru a védecké rady. Velmi ocefiujeme vstficnost renomovanych vyzvanych fe¢niki, ktefi svymi pfednaskami a prispév-
ky nepochybné zvysuji prestiz a atraktivnost konference. Dékujeme i vSem ostatnim autorim za prispévky do sborniku konference a ustni i poste-
rové prezentace. Je tfeba zminit partnery konference, jejichZ financni podpora se opét pfiznivé promitla do vySe vlozného a rozsahu nabizenych
sluZeb. V neposledni fadé bych rad podékoval v§em organizacim, které podporily ucast svych zaméstnanct na konferenci, dale také organiza¢ni
agentufe AIM Group Prague.

Toto ¢islo Casopisu Tunel je vénovano dodavatelskym spole¢nostem Metrostav a Subterra, tudiZ ¢lanky pfipravené autory z téchto firem jsou za-
méfeny na vystavbu podzemnich staveb. Prvni dva ¢lanky zavedou ¢tenafe do zahranici, konkrétné na razbu silni¢niho tunelu Fimjin na Faerskych
ostrovech a na razbu velkych kaveren pro ukladani odpadu v Norsku. Ur¢ité je dobre, Ze se ¢eskym spolecnostem a odbornikiim dlouhodobé dari
pusobit i na projektech v zahranic¢i. Treti ¢lanek od firmy Metrostav je zaméfen na razbu prizkumné Stoly Marie pro tunel Kamenna Vrata na délnici
D3. Clanky spole¢nosti Subterra zavedou ¢tendte na rekonstrukci Dolnolu¢anského tunelu na Zelezniéni trati Liberec—Harrachov. Dale pak jsou
predstaveny zkuSenosti s vystavbou nové trasy D metra v Praze, konkrétné se jednd o technicky velmi ndro¢né razby jednolodni stanice Pankrac D
a eskalatorového tunelu Gemini, ktery bude umoziovat vystup ze stanice Pankrac D.

Ctenaftim Casopisu pieji piijemné a poucné éteni. Viem ticastnikiim konference preji, aby si konferenci naleZité uZili, a to jeji odbornou stranku,
ale i stranku spolecenskou. Snad po konferenci budou u ucastniktl pfevazovat pozitivni dojmy.

Zdar Buh!

prof. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE,
predseda védecké rady konference PS 2026,
¢len redakcni rady casopisu Tunel

Dear supporters of underground construction,

This issue of the professional journal Tunel is being published at the time of the 16™ year of the international conference Underground Construction
Prague 2026 and is a part of the conference materials. It is the largest tunnelling conference in the Czech Republic that follows up on previous
years, usually organised in a three-year interval. The conference will traditionally take place using the proven format at the Clarion Congress
Hotel in Prague. Besides keynote lectures and lectures in thematic sections, an Open session was also incorporated into the conference programme
that focuses on present topics in design preparation and construction of underground structures on high-speed rail lines. As with previous years,
renowned foreign speakers will lecture and discuss at the conference. Also, the traditional social evening will be held in the prestigious spaces of
the Bfevnov monastery.

I would like to take this opportunity to thank all of you who participated in the preparation of the conference. Those are primarily the members of
the preparatory committee and the scientific council. We greatly appreciate the willingness of the invited renowned foreign speakers who, without
a doubt, increase the prestige and attractiveness of the conference thanks to their lectures and papers. We also extend our thanks to all other authors
for their papers to the conference proceedings, oral and poster presentations. It is necessary to mention conference partners, whose financial support
has once again positively projected onto the registration fee and the extent of offered services. Finally, I would like to thank all organisations that
supported the attendance of their employees at the conference, as well as the organising agency AIM Group Prague.

This issue of the Tunel journal is dedicated to contractor companies Metrostav and Subterra; papers prepared by authors from these companies
are focused on the construction of underground structures. The first two paper will take readers abroad, precisely to the excavation of the Famjin
road tunnel on the Faroe Islands and to the excavation of large caverns for waste storage in Norway. It is definitely good that Czech companies and
experts are successfully working on foreign projects in the long term. The third paper from the Metrostav company is focused on the excavation of
the Marie exploratory gallery for the Kamennd Vrata tunnel on the D3 motorway. Papers from the Subterra company will introduce readers to the
reconstruction of the Dolnolu¢ansky tunnel on the Liberec — Harrachov railway line. Then, experience from the construction of the new D line for
the Prague Metro is presented, precisely the technically very challenging excavation of the single-vault Pankrac D station and the Gemini escalator
tunnel, which will facilitate an exit from the Pankrac D station.

I wish readers of the journal a pleasant and educational read. I wish all conference attendees to duly enjoy the conference, not only its expert side
but also the social side. Hopefully, attendees with positive impressions will prevail after the conference.

Godspeed!

prof. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE,
chairman of the scientific council, PS 2026 conference,
member of the Tunel journal editorial board
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VAZENI CTENARI,

dovolte mi, abych Vas pozdravil na strankach caso-
pisu Tunel.

Rad bych Vam oznamil zménu ve vedeni spole¢nosti
Metrostav TBR a.s., kde jsem ptevzal funkci feditele
spole¢nosti. Ing. Alesi Gothardovi timto dékuji za jeho
préci, zaloZeni firmy Metrostav TBR a jeji rozvinuti do
uspésné spolecnosti a pieji mu mnoho tspéchi pii jeho
dalsi praci pro Skupinu Metrostav.

Po nékolika letech, kdy se v Ceské republice realizo-
valo jen minimum podzemnich staveb, se tunelafstvi opét dostava
do dynamické faze. NaSe spolecnost v soucasné dobé realizuje
razby prizkumné Stoly pro tunel Kamenna Vrata na stfedoceském
useku ddlnice D3 a zaroveti razi tunely na délnici D11 v dseku
Trutnov — statni hranice. Déle se podilime na realizaci praizkumné
Stoly pro Vinohradsky tunel v Brné. O téchto a dalSich stavbach si
miZete precist v ¢lancich uvnitf asopisu.

Vyznamnou roli v infrastrukturnich projektech dnes hraji PPP
projekty, jejichZ podil bude velmi pravdépodobné dale naristat.
Tyto projekty vyZaduji zcela odlisny pfistup k piipravé i realizaci,
nez na jaky jsme byli zvykli u tradi¢nich zakazek. Zhotovitel zde
nese vys$i miru rizika — at uz jde o financovani, dlouhodobou od-
povédnost za realizované dilo a jeho provoz, anebo o geologicka
a geotechnicka rizika, ktera jsou u tuneli velmi vyznamna. Proto
je velmi dilezité, aby se v rdmci soutéZniho dialogu podafilo na-
stavit smluvni podminky tak, aby byla rizika rozdélena spravedli-
vé a v mife, kterou je zhotovitel schopen redlné fidit.

Jednim z dalSich problémd, se kterym se tunelafina potykd
napfi¢ celym oborem, je nedostatek kvalifikovanych odborni-
kut a jejich starnuti. Generacni obména je nevyhnutelna a prenos
ji. Lze predpokladat, Ze uméla inteligence (AI) bude stile vice
zapojena do pripravy a projektovani podzemnich staveb, ale ani
sebelepsi Al tunel nepostavi.

Jsem presvédcen, Ze pravé silné stavebni skupiny mohou byt
stabilizacnim prvkem. Disponuji zdzemim, odbornosti i kapaci-
tami, které umoznuji zvladat velké projekty, nést rizika, rozvijet
nové technologie a vytvaret prostiedi pro rist nové generace od-
bornikd.

Toto ¢islo Casopisu Tunel je distribuovano také na konferenci
Podzemni stavby Praha 2026, ktera je tradi¢nim mistem se-
tkavani odborniku, sdileni zkuSenosti a prezentace novych
trendil. VEfim, Ze i letoSni ro¢nik konference pfinese inspira-
ci, otevienou diskusi a nové impulsy pro dalsi rozvoj naseho
oboru.

Preji Vam inspirativni ¢teni a t€§im se na setkani s Vami na
konferenci i na stavbach, které spole¢né tvoiime.

ING. JAN KVAS, MBA
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DEAR READERS,

Allow me to greet you through the pages of the Tunel
journal.

I would like to announce a change in the leadership
of the company Metrostav TBR a.s., where I have taken
over the role of company director. I therefore thank Ing.
Ale§ Gothard for his work, the founding of Metrostav
TBR, and for evolving it into a successful company, and
I wish him many achievements during his upcoming
work for the Metrostav Group.

After many years during which just a few underground structures
were being constructed in the Czech Republic, the tunnelling branch
is once again getting into a dynamic phase. Today, our company is
carrying out excavations of an exploratory gallery for the Kamenna
Vrata tunnel on the Central Bohemian section of the D3 motorway
while concurrently excavating tunnels on the D11 motorway,
section Truntov — national border. We are also participating in the
excavation of an exploratory gallery for the Vinohradsky tunnel in
Brno. You can read more about these and other projects in articles
inside this journal.

An important role in infrastructure projects today belongs to
PPP projects, whose share will most likely continue to rise. These
projects require an entirely different approach to preparation and
realisation compared to what we have gotten used to with traditional
contracts. The contractor bears more responsibility for risks when
it comes to financing, long-term responsibility for the completed
structure and its operation, or geological and geotechnical risks
that are significant when it comes to tunnels. That is why it is very
important to be able to set contract conditions during the tender
dialogue, so as to distribute the risks fairly and adequately for the
contractor to have the ability to realistically manage them.

Another problem that the whole tunnelling community faces
across the entire branch is the lack of qualified experts and their
aging. Generational change is unavoidable, and the transfer of
know-how is one of the most important tasks that stands before us.
It can be expected that artificial intelligence (AI) will participate
more and more in the preparation and design of underground
structures, but even half-decent Al can not build a tunnel.

I am convinced that strong construction groups can be
a stabilising element. They possess infrastructure, expertise, and
capacity, which enable the handling of large projects, carrying risk,
developing new technologies, and creating an environment for the

growth of new generations of experts.

This edition of the Tunel journal is also distributed at the
Underground Construction Prague 2026 conference, which is
a traditional place for meeting experts, sharing experiences,
and presenting new trends. I believe that even this year, the
conference brings inspiration, open discussion, and new
impulses for further development of our field.

. I wish you inspirational reading and
look forward to meeting you at the
conference and on construction sites
that we create.

Feditel spole¢nosti Metrostav TBR a.s.
Director of Metrostav TBR a.s.
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VAZENI CTENARI,

kdyZ se po delsi dobé vracim na stranky tohoto odbor-
ného Casopisu, svadi mé to k bilancovani. Letos je k nému
dtivodi vic nez dost. Podzemni stavitelstvi v Cesku nespi —
naopak. I proto je potésujici, Ze pocet projektl, na nichz se
Subterra podili, postupné nartista.

Vyraznd zména je patrnd v tempu dostavby zakladni
dalni¢ni sité, jenZz je planovdna do roku 2033. Na jejim
dokonceni se podilime v rdmci vystavby jednadvacetiki-
lometrového tseku dalnice D11 mezi Trutnovem a hranici
s Polskem, vedené spole¢nosti MI Roads. Nejnaro¢néjsimi
objekty useku jsou dva tunely Opevnéni a Pofici, které vyrazime a vy-
bavime technologiemi ve spolupraci s Metrostav TBR. Délnice D11
neni jedinou, kde uplatnime odborné zkugenosti. Ve stfednich Cechach
povedeme razbu prizkumné $toly k budoucimu tunelu Prostfedni vrch
na dalnici D3.

Dalnice jsou podstatnou ¢asti patetni dopravni infrastruktury. Dal-
$i, neméné vyznamnou, je Zeleznice, kde se nase prace dotykaji ne-
jen koridorovych staveb, ale i téch regiondlnich. V lofiském roce jsme
zavr§ili rekonstrukci Dolnolucanského Zelezni¢niho tunelu na trati
Liberec—Tanvald. Sto tficet let stary objekt jiZ neodpovidal soucas-
nym pozadavkim na bezpecny provoz, coz si vyzadalo komplexni
modernizaci v¢etné zvétSeni profilu a prodlouZeni tunelu. Technickym
a organiza¢nim souvislostem této stavby se vénuje samostatny ¢lanek.
Nedaleko jsme soucasné sanovali Ctyfi historické Zelezni¢ni tunely —
soucdst jediné Ceské ozubnicové trati z roku 1902, kterd je kulturni
a technickou pamatkou.

Pokud jde o velka mésta, tvoti jejich patefni dopravni systém metro.
Nelze tedy opomenout Prahu, kde uspésné pokracuje vystavba metra D,
jedna z nejvyznamnéjsich dopravnich staveb poslednich let. V tomto
¢isle se ji vénuji hned dva prispévky. Prvni pfibliZuje raZby stanice Pan-
krac D, jez v lofiském roce pfinesly jednu z nejnaro¢néjSich etap vy-
stavby prvniho tseku. Druhy pak predstavuje zajimavé technické feSeni
eskaldtorového tunelu do administrativniho komplexu Gemini.

Podzemi vSak patfi i technické infrastruktufe, kterd je zraku béZnych
uzivatelt skryta, a presto drzi kazdodenni Zivot v chodu. Jednim z kli-
¢ovych prvki ve méstech jsou kolektory. Subterra byla prikopnikem
jejich vystavby v Cesku a pred padesiti lety stdla u zrodu kolektoro-
vé sité¢ v Brné. Proto nds tési, Ze se v jihomoravské metropoli opét
muZeme podilet na jejim rozvoji vystavbou kolektoru propojujiciho
ulice Ceska a Stiedova. Spole¢né s partnery ve sdruzeni nds ¢ekd mi-
moradné naro¢nd stavba v historickém centru, jiz povedeme s vyuZi-
tim dlouholetych zkuSenosti a s maximalnim respektem k prostiedi
a zadani. Novy kolektor pfimo navdZe na jednu z naSich poslednich
zakazek — kolektor pod naméstim Svobody. Zanechdame tak dalsi stopu
v brnénském podzemi.

Své zkusenosti uplatiiujeme nejen v Cesku, ale i za hranicemi. V Né-
mecku, ve spolkové zemi Hesensko, spolupracujeme s BeMo Tunnelling
na dvou infrastrukturnich projektech. Na délnici A44 realizujeme tu-
nel Holstein v mimofadné niro¢nych hydrogeologickych podminkach
proménlivého horninového prostiedi. Zaroven se podilime na vystavbé
dvoukolejného Zelezni¢niho tunelu Cornberg.

Nasi bilanci v podzemnim stavitelstvi 1ze hodnotit velmi dobfe. Ne-
1ze vsak piehlédnout ani skutec¢nost, kterd nam jiz delsi dobu pfipomind
slozitosti prostiedi vefejnych zakazek v Cesku. Vybér dodavatele se
Casto neiimérné prodluzuje. Vymluvnym piikladem je vybérové fizeni
na vystavbu druhé etapy metra D, které bylo kvili opakovanym odvo-
lanim nedspé$nych uchazecti uzavieno po vice nez tfech letech. O to
vice tési, Ze se nakonec oteviela cesta k tomu nejpodstatnéjSimu: stavét.

A pravé moznost stavét bude v pristich letech klicova.

V pokrocilé fazi pripravy je fada tunelovych staveb a bylo

by chybou neproménit projekty ve stavby. N4§ obor potie-

buje kontinuitu a pfedvidatelnost. Jen takové prostiedi udr-

Zi kvalifikované lidi a souc¢asné mladym
dokéaze nabidnout profesi s budoucnosti
a s vyjimecnou moznosti podilet se na
stavbach, které propoji generace.

ING. ONDREJ FUCHS

predseda predstavenstva a generaini reditel
Subterra a.s.

Chairman of the Board of Directors
and Chief Executive Officer of Subterra a.s.

DEAR READERS,

when returning to the pages of this expert journal after
a long while, it tempts me to assess. And this year, there
are more than plenty of reasons to do so. Underground
construction in the Czech Republic is not sleeping — quite
the opposite. Even for this reason, it is encouraging that the
number of projects that Subterra participates in is gradually
increasing.

A distinct change is apparent in the pace at which the
construction of the fundamental motorway network is
finishing, which is planned to be completed by 2033. We
are taking part in its completion within the construction
of a 21-kilometre-long D11 motorway section stretching
between Trutnov and the Polish border, led by the MI Roads company.
The most difficult structures of this section are the two tunnels, Opevnéni
and Poric¢i, which will be excavated and equipped with technology by
us in cooperation with Metrostav TBR. The D11 motorway is not the
only one where we utilise our expert experience. We will carry out the
excavation of an exploratory gallery for the Prostfedni vrch tunnel on
the D3 motorway in Central Bohemia.

Motorways are a fundamental backbone of transportation
infrastructure. Another one, no less important, is railways, where our
work includes not only corridor structures but also those regional
ones. Last year, we concluded the reconstruction of the Dolnoluc¢ansky
railway tunnel on the Liberec—Tanvald railway line. The 130-year-
old structure no longer complied with current requirements for safe
operation, thus necessitating a complex modernisation including the
enlargement of the profile and tunnel elongation. A separate article
delves into the technical and organisational context of this construction
project. We have concurrently rehabilitated four historic railway tunnels
nearby — a part of a rack railway line from 1902, the only one in the
Czech Republic, which is a cultural and technical heritage site.

When it comes to large cities, the backbone of their transit system
is formed by the metro. Therefore, it is impossible to omit Prague,
where we are successfully continuing with the construction of the D
line, one of the most important transportation construction projects of
recent years. Two contributions are dedicated to it in this edition. The
first describes the excavation of the Pankric D station, which brought
one of the most challenging phases of construction of the first section
last year. The second one presents an interesting technical solution to
the escalator tunnel that leads into the Gemini administrative complex.

The underground also belongs to the technical infrastructure that is
hidden from the sight of everyday users, yet it keeps the day-to-day
life up and running. One of the key elements in cities is utility tunnels.
Subterra was the pioneer of their construction in the Czech Republic,
and fifty years ago, it stood at the birth of the utility tunnel network in
Brno. That is why we are pleased that we can once again participate
in their evolution in the Southern Moravian metropolis with the
construction of a utility tunnel that connects streets Ceska and Stfedova.
Together with partners in an association, an extraordinary construction
awaits us in the historic centre, which we will conduct by utilising years
of experience and with the utmost respect to the environment and the
assignment. The new utility tunnel directly follows up on one of our
last contracts — a utility tunnel underneath Freedom Square. We will
therefore leave another mark on the Brno underground.

We utilise our experience not only in the Czech Republic, but
also abroad. In Germany, in the state of Hesse, we are cooperating
with BeMo Tunnelling on two infrastructure projects. We are
realising the Holstein tunnel on the A44 motorway in exceptionally
demanding hydrogeological conditions in a variable rock environment.
Simultaneously, we participate in the construction of the Cornberg
double-track railway tunnel.

Our assessment of underground construction can be evaluated very
well. However, it is impossible to overlook the reality that keeps
reminding us about the difficulties of the public tender environment
in the Czech Republic. The selection of a contractor is often unduly
prolonged. A telling example is the tender for the construction of the
second section of metro D, which was concluded after more than three
years due to repeated appeals by unsuccessful contenders. This makes

it all the more gratifying that the path has finally opened to
what is most essential — to build.

And precisely the possibility to build will be key in the
upcoming years. A plethora of tunnel structures is in the late
stages of preparation, and it would be a mistake not to turn

those designs into structures. Our field
needs continuity and predictability. Only
such an environment can keep qualified
people and can concurrently offer the
younger ones a profession with a bright
future and a rare possibility to partake in
construction projects that will connect
generations.
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SILNICNI TUNEL FAMJIN NA FAERSKYCH OSTROVECH
~ ZKUSENOSTI Z VYSTAVBY
ROAD TUNNEL FAMJIN IN THE FAROE ISLANDS
— CONSTRUCTION EXPERIENCE

JAN SKALA

ABSTRAKT

Cldnek popisuje zkusenosti s raZbou tunelu Fdmjin na Faerskych ostrovech z hlediska poufZité technologie, nasazené strojni sestavy,
geologickych podminek, geotechnického monitoringu a instalovanych prvki zajisteni. Silnicni tunel Famjin o délce 1200 metrii spojuje
stejnojmennou vesnici leZici na zdpadnim pobreZi ostrova Suduroy se zbytkem ostrova a nahrazuje starou horskou cestu, kterd byvd v zim-
nich mésicich nebezpecnd z diivodu silného vétru a moZného sesuvu kamenii. V dobé otevreni se jednalo o dvacdty Sesty tunel na Faerskych
ostrovech a prvni, ktery na Faerskych ostrovech realizoval Metrostav Norge.

ABSTRACT

The article describes the experience gained during the excavation of the Famjin Tunnel in the Faroe Islands in terms of the technology
used, the deployed machinery, geological conditions, geotechnical monitoring, and installed support elements. The 1,200-meter-long
Fdmjin road tunnel connects the village of the same name, located on the western coast of the island of Suduroy, with the rest of the island.
It replaces the old mountain road, which is dangerous in winter due to strong winds and the possibility of falling rocks. At the time of its

opening, it was the twenty-sixth tunnel in the Faroe Islands and the first tunnel constructed in the Faroe Islands by Metrostav Norge.

UvoD

Ve stiedu 25. 6. 2025 byl za hojné tcasti vefejnosti slavnostné
otevien tunel Famjin na Faerskych ostrovech (obr. 1). Faerské os-
trovy jsou ostrovni stét lezici v severnim Atlantiku mezi Norskem
a Islandem. Jsou autonomnim uzemim Déanského kralovstvi. Na
sedmnacti obydlenych ostrovech Zije priblizné 55 000 obyvatel.
Nejjizn€jsi ostrov Suduroy jako jeden z mala neni s dal$imi os-
trovy spojen tunelem ani mostem, a tak mistni obyvatelé musi
pri cestich do hlavniho mésta Térshavnu, nebo na letisté Végar,
absolvovat dvé hodiny trvajici cestu

INTRODUCTION

On Wednesday, June 25, 2025, the Famjin Tunnel in the Faroe
Islands was ceremonially opened with large public attendance
(Fig. 1). The Faroe Islands are an island nation located in the North
Atlantic between Norway and Iceland. They are an autonomous
territory of the Kingdom of Denmark. Seventeen of the islands
are inhabited, with a total population of approximately 55,000.
The southernmost island, Suduroy, is one of the few not connected
to the other islands by either a tunnel or a bridge. As a result,

residents must take a two-hour ferry

trajektem. Na Suduroy Zije pfiblizné
5000 obyvatel. S cilem udrZeni po-
pulace na ostrovech se faerskd vlada
rozhodla investovat do infrastruktury.
Jednim z prostfedkd jsou silni¢ni tu-
nely, které propojuji odlehlé lokali-
ty s vétSimi mésty, pfipadné dal$imi
ostrovy. Jen mezi lety 2020 a 2025
bylo otevieno celkem sedm novych
tuneld o celkové délce 31,6 km, z toho
dva tunely jsou podmoiské o délce
11,25 km, resp. 10,79 km.

Prvni tunely na Faerskych ostrovech
byly vyrazeny na pocatku 60. let mi-
nulého stoleti a ke dne$nimu dni jich
je dvacet sedm, z nichz tfi byly nahra-
zeny novéjSimi a jsou uzavieny.

Zadavatelem projektu [1] je spo-
le¢nost Landsverk, sprdvce mistni
dopravni sité¢. Hlavnim dodavatelem
je faerska stavebni spolecnost J&K
Petersen Contractors, dodavatelem
razeb, zajiSténi a izolaci spole¢nost
Metrostav Norge. Tunel Famjin je
jednotubusovy silni¢ni tunel s jednim

- e ; L
Obr. 1 Oteviraci ceremonidl 25. 6. 2025
Fig. 1 Opening ceremony on 25 June 2025

journey when traveling to the capital,
Toérshavn, or to Vagar Airport. About
5,000 people live on Suduroy.

To maintain population levels on
the island, the Faroese government
decided to invest in infrastructure. One
of the key measures is the construction
of road tunnels that connect remote
areas with larger towns or other islands.
Between 2020 and 2025 alone, seven
new tunnels with a combined length
of 31.6km were opened, including two
subsea tunnels measuring 11.25km
and 10.79km.

The first tunnels in the Faroe Islands
were excavated in the early 1960s, and
today there are twenty-seven, three of
which have been replaced and are now
closed.

The client of the project [1] is
Landsverk, the administrator of the
local road network. The main contractor
is the Faroese construction company
J&K Petersen Contractors, and the
contractor responsible for excavation,
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Obr. 2 Situace a podélny rez tunelu Famjin
Fig. 2 Layout and longitudinal section of the Famjin tunnel

jizdnim pruhem v kazdém sméru. Tunel ma jeden nouzovy zaliv.
Trasa tunelu je tvofena tfemi protismérnymi oblouky o polomé-
rech 500 m, 600 m a 600 m, prochazi tpatim kopce Fjallid Mikla
(469 m n. m.) a lezi v nadmotské vysce 112 a7z 162 m n. m. Situace
a podélny profil tunelu jsou ziejmé z obr. 2.

Zakladni technické informace o tunelu:

 doba vystavby: 2022-2025;

e délka tunelu: 1 200 m;

e profil tunelu: T8,5 — s plochou vyrubu od 65 m? do 82 m?;

¢ jednoplastovy tunel bez sekundarniho osténi;

* pocet nouzovych zéliva: 1 ks, s plochou vyrubu 82 m?;

e celkova délka nové komunikace: 3 km.

Na obr. 3 je pficny fez tunelu s izolaci proti vodé a mrazu ve
standardnim profilu T8,5, respektive v bezpecnostnim zalivu pro-
filu T11,5.

zdroj [2] source [2]

support, and waterproofing is Metrostav Norge. The Famjin Tunnel
is a single-tube road tunnel with one traffic lane in each direction. The
tunnel has one emergency bay. Its alignment consists of three reverse
curves with radii of 500m, 600m, and 600m. It passes beneath the
slope of the hill Fjallid Mikla (469m above sea level), and lies at an
elevation between 112 and 162 meters above sea level. The layout
and longitudinal profile of the tunnel are shown in Fig. 2.

Basic technical information about the tunnel:

 construction period: 2022-2025;

¢ tunnel length: 1,200m;

 tunnel profile: T8.5 — with an excaval

82m?;

* single-shell tunnel without secondary lining;

* number of emergency bays: 1 (excavation area §2m?);

* total length of new road: 3km.

tion area from 65m?2 to
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Obr. 3 Standardni profil tunelu T8,5 a zdliv T11,5
Fig. 3 Standard tunnel profile T8.5 and emergency bay T11.5

RAZBA TUNELU

Razba metodou Drill and Blast probihala pouze z portdlu Qravik.
Na strané portélu @ravik se nachdzi mistni betonérka, coZ znamena-
lo kratsi dopravni vzdalenost, neZ kdyby se razilo z portalu Famjin.
Oba portaly jsou orientovany v SV, respektive JZ sméru. Razba byla
vedena dovrchné ve stoupani do 6 % a ve standardnich geologickych
podminkéch ji bylo mozné realizovat v zabérech o délce 5 metru.
V mistech poruchovych zén byly pouZity prvky Nové rakouské tune-
lovaci metody. V téchto mistech (asi 5 % délky tunelu, cca 60 metri)
byla hornina rozpojovéna jak mechanicky, tak pomoci trhacich praci.
Ve vyjimecnych piipadech se postupovalo s pobirdnim celby po ¢as-
tech s okamzitym zajiStovanim celby stfikanym betonem o tloustce
100-150 mm. Prvnich 200 metri je nadloZi nizsi neZ 10 metrd, coz
v kombinaci s pfitomnosti vrstvy vulkanoklastik vyzadovalo postup
po kréatkych zabérech (2 aZ 3 m) a t€zké zajisténi formou vyztuze-
nych oblouk ze stfikaného betonu.

Pro vrtani produkénich vrtd a vrtd pro svorniky byl pouZit tii-
lafetovy vrtny vz Sandvik DT 1131i (obr. 4). K trhacim pracim
byla vétsinou pouzivana emulze (SSE — site synthesized emulsion)
a neelektrické rozbuSky. Rubanina byla nakldddna nakladacem
Volvo L180H s bo¢nim vyklopem na kloubové dumpry CAT 730.
Pro aplikaci stfikaného betonu byl pouzit stiikaci viiz Meyco Po-
tenza. VytéZena rubanina byla drcena mobilni drti¢kou pfimo na
stavbé a byla pouZita na budovani nasypti komunikaci navazuji-
cich na tunel. Jako technologickd voda byla pouZzivana voda z jed-
noho z mistnich tokd, kumulovana v zdsobniku o objemu 40 m?>.

GEOLOGICKE POMERY

Uzemi Faerskych ostrovii je budovino pievdzné paleogennimi
vulkanity vzniklymi béhem rozsahlé sopené ¢innosti v severnim
Atlantiku. Zakladnim horninovym typem jsou bazaltové lavové

zdroj [2] source [2]

Fig. 3 shows a cross-section of the tunnel with waterproofing and
frost insulation in the standard T8.5 profile and in the emergency
bay profile T11.5.

TUNNEL EXCAVATION

Excavation using the Drill and Blast method was carried out
exclusively from the @ravik portal. On the @ravik side, a local
concrete plant is located, which meant a shorter transport distance
than if excavation had proceeded from the Famjin portal. Both portals
are oriented in a NE and SW direction, respectively. The excavation
was driven upward with a gradient of up to 6%, and under standard
geological conditions it could be carried out in 5-meter rounds.

In fault zones, elements of the New Austrian Tunneling Method
(NATM) were used. In these sections (about 5% of the tunnel length,
approx. 60 meters), the rock was broken both mechanically and by
blasting. In exceptional cases, the excavation proceeded by partial
face advance with immediate support of the face using shotcrete
100-150mm thick.

In the first 200 meters, the overburden was less than 10 meters,
which, combined with a layer of volcaniclastic material, required
short excavation rounds (2 to 3 meters) and heavy support in the
form of reinforced shotcrete arches.

For drilling production holes and anchor bolt holes, a Sandvik
DT 1131i triple-boom drilling rig was used (Fig. 4). For blasting
work, emulsion explosives (SSE — site-synthesized emulsion) and
non-electric detonators were mostly used. The muck was loaded
by a Volvo L180H loader with side dump into CAT 730 articulated
dumpers.

For the application of shotcrete, a Meyco Potenza spraying unit
was used. Excavated rock was crushed on-site with a mobile crusher
and used for the construction of road embankments connected to



35. rocnik - €. 2/2026 Tuel

the tunnel. Water from one of the local
streams was used for technological
water and stored in a 40m?3 reservoir.

GEOLOGICAL CONDITIONS

The area of the Faroe Islands is
composed mainly of Paleogene
volcanic ~ rocks  formed  during
extensive volcanic activity in the
North Atlantic. The fundamental rock
types are basalt lava flows, which
alternate with layers of volcaniclastic
material. A volcanic eruption pro-
duced a layer of volcanoclastics that
was subsequently covered by a basalt
lava flow. While basalts weather very
little, volcaniclastic rocks weather
into clay minerals. The basalts are
generally dark grey to black, whereas
the volcanoclastics are predominantly
orange (Fig. 5).

Along the alignment of the
Famjin Tunnel, layers of massive,
high-strength basalts alternated with
volcanosedimentary  units,  which
represented weak to very weak
sections of the rock mass compared
with the surrounding compact basalts.
Obr. 4 Vrtny viiz Sandvik DT 1131i na &elbé The individual layers are mostly
Fig. 4 Sandvik DT 1131i drilling jumbo at the face sub-horizontal to gently inclined.

The rock mass was disrupted
primarily by bedding planes, basalt joint surfaces, and systems
of fractures of local significance. Regional tectonic faults were
not significantly present along the tunnel alignment. From an
engineering-geological perspective, the most important features
were local tectonic disturbances, bedding planes, and volcaniclastic
units, all of which represented potentially weakened sliding and
loosened zones.

Groundwater was mainly associated with the fracture system of the
basalts and with the overburden of volcaniclastic units. Water inflows
occurred only locally and mostly without significant hydrostatic
pressure. However, in combination with weakened strata, these
inflows negatively affected excavation
stability in certain places.

proudy, které se stiidaji s vrstvami vulkanoklastik. Sopecny vybuch
,.vyprodukoval vrstvu vulkanoklastik, ktera byla nasledné prekryta
bazaltovym lavovym proudem. Zatimco bazalty takika nezvétravaji,
vulkanoklastika zvétravaji na jilové mineraly. Bazalty jsou vétSinou
tmavé Sedé az Cerné, vulkanoklastika pfevazné oranzZova (obr. 5).

V trase tunelu Famjin se stfidaly vrstvy masivnich bazaltd s vy-
sokou pevnosti a vulkanosedimentarni polohy, které predstavova-
ly slabou az velmi slabou ¢4st horninového masivu ve srovnani
s okolnimi kompaktnimi bazalty. Jednotlivé vrstvy jsou prevazné
subhorizontalni aZ mirné uklonéné.

GEOTECHNICAL MONITORING

The quality of the rock mass —
similarly to most Scandinavian
projects — was evaluated using the
Q-system [2], which takes into account
a number of rock and rock-mass
parameters, such as the quality of
discontinuities, their  condition,
hydrogeological conditions, and the
stress state of the mass. Classification
was performed individually for each
excavation face based on geological
mapping and face documentation.

The Q-system does not consider the
strength of the intact rock, which is
not ideal in a geological environment
where very strong basalts alternate
Fig. 5 Variable geological conditions recorded on the mapping sheet with low-strength volcaniclastic units.

Obr. 5 Promeénlivé geologické podminky za né na mapovacim formuldri
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Horninovy masiv byl porusen predevsim vrstevnimi plochami, The Q-value was determined from the critical portion of the face —
odlu¢nymi plochami bazalti a soustavami puklin lokalniho vyzna- approximately the upper two thirds of the excavation area. The floor
mu. Regiondlni tektonické poruchy nebyly v trase tunelu vyznam- | area was not considered decisive for support design and was therefore
n¢ zastoupeny. Z inZenyrskogeologického hlediska mély nejvétsi | excluded from the evaluation. For selecting the excavation support,
vyznam lokélni tektonické poruchy, déle vrstevni plochy a vul- | the Grimstad—Barton diagram, derived from the Q-classification,
kanoklastické polohy, které predstavovaly potencidlni oslabené was used. Based on this diagram, the classification of the rock mass
kluzné a rozvolnéné zony. according to the Q index resulted in the following:

Podzemni voda byla vdzana predev§im na puklinovy systém ba- a) Massive basalt units (best-quality sections):

zaltl a na nadloZi vulkanoklastickych poloh. Pritoky vody byly « resulting Q = 10 to 20;
pouze lokdlni a vétSinou bez vyznamného hydrostatického tlaku.
V kombinaci s oslabenymi polohami vSak misty negativné ovliv-
Hovaly stabilitu vyrubu.

* rock mass quality: good;

 example of support: shotcrete B35 M45 E700, 80mm thick;
3m bolts in a 2.0 x 2.5m pattern; Sm advance length.

b) Basalt with pronounced jointing according to discontinuity
surfaces:

e resulting Q =4 to 10;

 rock mass quality: medium;

» example of support: shotcrete B35 M45 E700, 120mm
thick; 3m or 4m bolts in a 1.75 x 1.75m pattern; advance
length up to Sm.

¢) Volcaniclastic units:

e resulting Q = 0.1 to 4;

* rock mass quality: poor to very poor;

e example of support: shotcrete B35 M45 M1000, 120—
150mm thick; 4m bolts in a 1.5 x 1.5m pattern; 6m spiles in
the crown in a 40cm pattern; 3m advance length.

d) Fault zones (local):
* resulting Q = 0.04 to 0.1;

GEOTECHNICKE SLEDOVANI

Kvalita horninového masivu byla, ostatné jako u vétSiny skan-
dindvskych projekti, hodnocena podle Q-systému [2], ktery zo-
hledfiuje fadu parametrii horniny a horninového masivu, jako je
kvalita diskontinuit, jejich stav, hydrogeologické poméry a napja-
tost masivu. Klasifikace byla provadéna individudlné pro kazdou
jednotlivou ¢elbu na zakladé geologického sledovani a dokumen-
tace Celby.

Q-systém nezohledniuje pevnost intaktni horniny. CoZ v horni-
novém prostfedi, kde se stfidaji velmi pevné bazalty a vulkano-
klastika nizké pevnosti, neni ideélni.

Vycislovani hodnoty Q se provadélo na rozhodujici Casti Cel-
by — cca na hornich dvou tfetinach plochy vyrubu. Oblast dna se
nepovazovala z hlediska vyztuZeni za rozhodujici, a proto se do
hodnoceni nezahrnovala. Pro volbu zajisténi vyrubu byl pouZit

diagram Grimstad-Barton, vychazejici z klasifikace Q. Pii pouZiti * rock mass quality: very poor to extremely poor;
tohoto diagramu byly vysledky zatiidéni horninového masivu dle * example of support: shotcrete B35 M45 E1000, 150mm
indexu Q nasledujici: thick; 4 m bolts in a 1.25 x 1.25m pattern; 6m spiles in
a) Masivni bazaltové polohy (nejkvalitn&jsi dseky): the crown spaced at 40cm, supported by shotcrete arches;

e vysledné Q = 10 az 20; maximum advance length 3m.

 kvalita masivu: dobré; The designation of steel-fibre-reinforced shotcrete E700 or
* priklad vyztuzeni: stfikany beton B35 M45 E700 E1000 indicates its deformation and energy-absorption capacity
tl. 80 mm, svorniky dI. 3 m v rastru 2,0 X 2,5 m, délka during failure. This is an important parameter in designing
zabéru 5 m. the primary lining of the tunnel. Higher energy absorption is
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Obr. 6 Proménlivé geologické podminky dle analyzy MWD dat z vrtdni
Fig. 6 Variable geological conditions according to MWD drilling data analysis
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b) Bazalt s vyraznou odluc¢nosti dle ploch

diskontinuit:

* vysledné Q = 4 az 10;

¢ kvalita masivu: stfedni;

e priklad vyztuZeni: stifkany beton
B35 M45 E700 tl. 120 mm, svorniky
dl. 3 m nebo 4 m v rastru 1,75 X 1,75 m,
délka zabéru do 5 m.

¢) Vulkanoklastické polohy:

* vysledné Q = 0,1 az 4;

e kvalita masivu: $patnd az velmi Spatnd;

e priklad vyztuZeni: stfikany beton B35
M45 E1000 tl. 120 azZ 150 mm, svorniky
dl. 4 m v rastru 1,5 X 1,5 m, jehly dl. 6 m
v kaloté v rastru 40 cm, délka zabéru
3m.

d) Poruchové zony (lokalni):

e vysledné Q = 0,04 a7 0,1;

e kvalita masivu: velmi §patnd aZ extrém-
né Spatnd;

e priklad vyztuzZeni: stiikany beton B35
M45 E1000 tl. 150 mm, svorniky
dl. 4 m v rastru 1,25 X 1,25 m, jehly
dl. 6 m v kalot€ v rastru 40 cm, podepre-
ny oblouky ze stifkaného betonu, délka
zabéru maximalné 3 m.

Oznaceni stiikaného dratkobetonu E700, resp.
E1000 urcuje schopnost deformace a pohlceni
energie pfi poruSeni (energy absorption). Jed-
nd se o parametr dileZity pfi ndvrhu primdrni-
ho osténi tunelu. Vyssi energetické pohltivosti
je zpravidla dosazeno vys$$im mnozstvim drat-
kt a jejich rovnomérnou distribuci. Davkovani
je proménlivé v zdvislosti na receptuie betonu
a typu pouzitych dratkt. Na tomto projektu bylo
vétsinou davkovéano 17 kg/m? resp. 31 kg/m? dratkt KrampeHarex
DE 40/0,55 M pro beton B35 M45 E700, resp. B35 M45 E1000.

Horninovy masiv v trase tunelu Famjin byl pomérné heterogen-
ni (obr. 6). Prevladaly tuseky horninového masivu stfedni (Q = 4
az 10) az Spatné kvality (Q = 1 az 4), které byly lokalné poruseny
poruchovymi zénami s velmi nizkymi hodnotami Q (0,04 az 0,1).
Zdvéry z hodnoceni zastiZenych geologickych poméru

Horninové prostredi v trase tunelu Famjin je tfeba hodnotit jako
geologicky promeénlivé. Kvalitni bazaltové horniny poskytovaly
dobré podminky pro razbu, avsSak slabé vulkanoklastické polohy
a lokdlni poruchové z6ny predstavovaly riziko z hlediska stability
vyrubu, zejména nachdzely-li se v oblasti klenby tunelu. Pro ilu-
straci u Celby ve stani¢eni 1375 (obr. 5), jsou patrné rozdilné typy
hornin oznaceny R.UNIT 1, 2 a 3:

e R.UNIT 1 predstavuje bazalt s hodnotou Q = 10;

e R.UNIT 2 pfedstavuje vulkanoklastickou vrstvu s hodnotou

Q=01
* R.UNIT 3 predstavuje bazalt s hodnotou Q = 9.

TUNEL V CISLECH

V tab. 1 je ukdzano porovnani mnozstvi predpokladanych a sku-
te¢né instalovanych zajiStovacich prvku.

Obr. 7 Zajisténi vyrubu pomoci vyztuZenych obloukii ze stiikaného betonu
Fig. 7 Excavation support using reinforced shotcrete arches

typically achieved with a greater amount of steel fibres and
their uniform distribution. The dosage varies depending on the
concrete mix design and the type of fibres used. On this project,
17kg/m3® and 31kg/m* of KrampeHarex DE 40/0.55 M fibres
were used for concretes B35 M45 E700 and B35 M45 E1000,
respectively.

The rock mass along the Famjin Tunnel alignment was quite
heterogeneous (Fig. 6). Sections of medium-quality rock mass
(Q =4 to 10) to poor-quality rock mass (Q = 1 to 4) predominated,
locally disrupted by fault zones with very low Q values (0.04 to
0.1).

Conclusions from the assessment of encountered geological
conditions

The rock environment along the Famjin Tunnel must be
evaluated as geologically variable. High-quality basalt provided
favorable conditions for excavation, but weak volcaniclastic
layers and local fault zones posed stability risks, especially when
located in the tunnel crown. For illustration, at face chainage 1375
(Fig. 5), the different rock types are marked as R.UNIT 1, 2, and 3:

e R.UNIT 1 represents basalt with Q = 10;

* R.UNIT 2 represents a volcaniclastic layer with Q = 0.1;

e R.UNIT 3 represents basalt with Q = 9.




Tab. 1 Prehled plnéni vykazu vymér u klicovych prvki raZby
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TUNNEL IN NUMBERS

Predpoklad Skutecnost The table 1 shows a comparison between the estimated and
Polozka mnozstvi | jednotka | mnozstvi | % pinéni actually installed quantities of key support elements.
priizkumné vrty
do predpoli Celby 1900 m 2339 123,1 Table 1 Overview of bill-of-quantities fulfilment for key excavation
AR o lements
injektazni smés ¢
— standardni inj. cement 100000 kg et eele Estimated Actual
» 3 -

razbaltunelu 78 600 m 80 893 102,9 tem quantity unit quantity % fulfil
svorniky 10200 ks 10789 | 1058 ment
stfikany beton 4275 m® 8372 | 1958 exploratory drill holes
s }</>blouk0 ahead of the face e m BEsy L
ze stfikaného betonu e kg Uzt 2 injection mixture 100 000 k 257 472 257

— standard injection cement g g e
izolace proti vodé a mrazu 9000 m? 3059 34,0 :

tunnel excavation 78 600 m? 80 893 102.9

ZvySeni objemu vyrubu tunelu dokladuje, Ze tunel byl oproti rock bolts 10200 pCSS 10789 1058
projektové dokumentaci rozSifovan tak, aby se do prijezdného shotcreFe 4275 il 83r2 195.8
profilu veslo t€Z8i vyztuzeni v podobé armovanych obloukil ze steel reinforcement 41 000 kg 101 288 247.0
o . . o 1 . for shotcrete arches

stifkaného betonu, neZ bylo pfedpoklddano (obr. 7). Z tabulky je wateroroofin
patrné, Ze poloZky vyztuZi a stifkanych betont riiznych druht byly - fr%st pro?ection 9000 m? 3059 34.0

cca 2 az 2,5krét prekroceny oproti ptivodnimu pfedpokladu pro-
jektu. Naopak izolaci proti vodé a mrazu byla naistalovdna opro-
ti predpokladu pouha tietina. Izolace proti vodé a mrazu se totiz
instalovaly pouze v pfiportdlovych tsecich a v mistech trvalého
pfitoku podzemni vody.

PRVNI POUZITI PREFABRIKOVANYCH PRIHRADOVYCH
VYZTUZNYCH RAMU NA FAERSKYCH OSTROVECH

Tunel Famjin je vzhledem ke své slozité geologii prvnim tune-
lem na Faerskych ostrovech, ve kterém byly instalované prihra-
dové ocelové ramy typu ,,Bretex*, doplnéné o dvé vrstvy kari siti
a stitkany beton. Tato forma t€Zké vyztuZe byla uplatnéna kvili
nékterym svym vyhoddam oproti tradicnim ramim norského typu

The increase in the tunnel excavation volume demonstrates that
the tunnel was widened compared to the design documentation
so that heavier reinforcement, specifically reinforced
sprayed-concrete arches, could fit within the clearance profile,
beyond what had originally been anticipated (Fig. 7). The table
shows that the quantities of reinforcement and various types of
sprayed concrete were exceeded by approximately 2 to 2.5 times
compared to the project’s original assumptions. Conversely, only
about one third of the planned waterproofing and frost protection
was installed. This is because waterproofing and frost protection
were applied only in the portal areas and in locations with
permanent groundwater inflow.
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Obr. 8 Schéma prefabrikovaného prihradového ocelového rdamu typu Bretex
Fig. 8 Diagram of the prefabricated Bretex-type truss steel frame

zdroj [3] source [3]
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POZNAMKA: NOTES: FIRST USE

1. pokud je é:otfeba dé)dateéné zajisténi / oblouky ze stfikaného OF PREFABRICATED TRUSS
betonu, bude rozsifeny pfiény profil dohodnut se stavebnikem REINFORCEMENT FRAMES

1. if additional support / shotcrete arches are needed, the widened IN THE FAROE ISLANDS
cross-section will be agreed with the client

2. i)/glé%:j;se na technologickou zpravu 2538 vydanou Statens Due to its complex geology,

2. refers to technical report 2538 issued by Statens Viegvesen the Famjin Tunnel is the first

g- oblouky musi byt kotveny v paté svorniky @ 20 a @ 25 mm, po 1000-1500 mm tunnel in the Faroe Islands in

4. vyztuz musi byt pfedem ohnuta na pfislusny polomér which prefabricated truss  steel

vzdalenost a délka po dohodé se stavebnikem « 5
spacing and length to be agreed with the client frames of the “Bretex” type were

installed, supplemented with two
layers of reinforcing mesh and

dle teoretického profilu, tj. nesmi se tvarovat dle skute¢né
vystieleného profilu, vyztuz se vyvaze k pficnym prvkim,
presah prvkl vyztuze musf byt min. 1 m

4. reinforcement must be pre-bent to the required radius according

to the theoretical profile; it must not be bent according to the svornik s prénym profilem,

as-blasted profile, reinforcement shall be tied to transverse piiény dil bude zapustén v oblouku, jak je uvedeno shotcrete. This type of heavy
elements, with an overlap of min. 1m v pokynech pro stfikany beton
bolt with transverse profile, support was used because of
the transverse element shall be recessed certain advantages it offers over

stfikany beton B35 M45 E1000 150-250 mm
shotcrete B35 M45 E1000 150-250mm

tloustka po dohodé se stavebnikem
thickness to be agreed with the client

into the arch as specified in the shotcrete guidelines

traditional Norwegian-type frames
in selected sections of the tunnel.
stfikany beton B35 M45 bez vlaken, pro vyrovnani .
profilu, aby odpovidal teoretickému profilu The greatest advantage is the
shotcrete B35 M45 without fibres, for profile smoothing short installation time of the
to match theoretical profile i X
prefabricated truss frames, which
is directly linked to higher safety
miners spend less time working
beneath unsupported excavation.
presah vyrovnavaci vrstvy cca 60 mm
approx. 60mm overlap of the smoothing layer Workers from Metrostav Norge
Kryti cca 240 mm were able to install one truss
approx. 240mm cover frame, 23 meters long and

vyztuz 6 @ 20 mm L. .
reinforcement 6 @ 20mm weighing approximately 500kg,

teoreticky razebny profil

- arches must be anchored at the base ‘ rock bolts @ 20 and @ 25mm, spaced 1000-1500mm
theoretical excavation profile ‘

kryti min. 75 mm
minimum 75mm cover

min. 110 mm min. 110mm

stfikany beton B35 M45 bez dratk{ ve tvaru oblouku tloustka dvojitého oblouku ze stfikaného betonu cca 300 mm in just two hours. By contrast,
shotcrete B35 M45 without fibres in arch shape thickness of doiuble shotcrete arch approx. 300mm . .
@B ewrcey the installation of the so-called
Obr. 9 Norsky oblouk ze stiikaného betonu jednoduchy “Norwegian frames” (Fig. 9) of
Fig. 9 Single Norwegian shotcrete arch the same perimeter composed of
six reinforcing bars took between
POZNAMKA: NOTES: four and eight hours, depending
1. pokud je potfeba dodatecné zajisténi / oblouky ze stfikaného on the Complexity of instauing the
betonu, bude rozsiteny pfiény profil dohodnut se stavebnikem
1. if additional support / shotcrete arches are needed, the widened bolts that form part of the frame.

cross-section will be agreed with the client Another a dvantage of the truss

2. odkazuje se na technologickou zpravu 2538 vydanou Statens X R .
Vegvesen ' ) svorniky @20 a 25 mm, po 1000-1500 mm frames is the easier preservatlon
i' refers o technical report 2538 issued by Statens Vegvesen rock bolts @ 20 and @ 25mm, spaced 1000-1500mm of the designed tunnel shape. In
3. arches must be anchored at the base vzdalenost a délka po dohods se stavebnikem total, 60 prefabricated frames were
L L o . spacing and length to be agreed with the client
4. vyztuz musi byt pfedem ohnuta na pfislusny polomér

installed in the tunnel, typically at
spacings of 1-3 meters.

Before replacing the Norwe-
gian frames with prefabricated

dle teoretického profilu, tj. nesmi se tvarovat dle skutecné
vystfeleného profilu, vyztuz se vyvaze k pficnym prvkiim,
presah prvki vyztuze musi byt min. 1 m

4. reinforcement must be pre-bent to the required radius according ; L
to the theoretical profile; it must not be bent according to the pfesah vyrovnavaci vrstvy cca 60 mm

as-blasted profile, reinforcement shall be tied to transverse teoreticky razebny profil

elements, with an overlap of min. 1m kryti cca 240 mm _ truss frames, it was necessary
approx. 60mm overlap of the smoothing layer

L theoretical excavation profile to carry out structural calcu-

stiikany beton B35 M45 E1000 150-250 mm approx. 240mm cover . . .
shotcrete B35 M45 E1000 150-250mm lations, dimension each frame
tloustka po dohodé se stavebnikem component, and conduct
thickness to be agreed with the client stfikany beton B35 M45 bez dratku, pro vyrovnani
profilu, aby odpovidal teoretickému profilu a change-management process

shotcrete B35 M45 without fibres, for profile smoothing

teoreticky razebny profil : )
to match theoretical profile

. oblouky musi byt kotveny v paté ‘
theoretical excavation profile ‘

in cooperation with the client
and the designers. Production
drawings for the frames were then
prepared. The frame design also
included optimization with regard

presah vyrovnavaci vrstvy cca 60 mm

110 - approx. 60mm overlap of the smoothing layer | to transport requirements and the
min. 110 mm- min. 110mm W mezi vrstvami vjztuze cca 445 mm assembly speed on site. The frames
- approx. 445 mm between reinforcement layers
spojnik connector Wztuz 6+4 0 20 mm were subsequently transported by
stfikany beton B35 M45 reinforcement 6+4 & 20mm trucks from steel mills in the Ruhr
ratk( louki - - .

bez drat S%XEZ?QUB%%WE Kryti min. 75 mm 1 kryti min. 75 mm minimum 75mm cover region [3] to Rotterdam, where

without fibres in arch shape  minimum 75mm cover

floustka dvojtého oblouku ze stiikaného they were transferred onto a ship

betonu cca 600 mm bound for Térshavn.
in. 110 in. 110 thickness of doiuble shotcrete arch approx.
min. 110 mm- min. 110mm 600mm The attached figures show

wroj [2] source [2] 3 comparison of lining cross-

Obr. 10 Norsky oblouk ze stiikaného betonu dvojity _sections reinforced with single

Fig. 10 Double Norwegian shotcrete arch
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v uritych Castech tunelu. Nejvétsi 1000 1000 svorniky IB0 @32 m
vyhodou je krétky ¢as instalace pre- rock bolts IBO @ 32mm
fabrikovanych pfihradovych ramu . i ég;gli%arﬁnf nastfik
a s tim spojena vysSi bezpecnost J sealing layer 20mm
(razici se pohybuji pod nezajisténym 2 A 4

vyrubem krat$i dobu). Pracovnici 1000 | to00 délka zabéru 1000
Metrostavu Norge byli schopni je- /¢ A A iL—""-f ' | :é)\ugﬁim ﬂ)o
den vyztuzny pithradovy ram délky §[ 37 Z — e « y I 1 >
23 metrti a vaze cca 500 kg nainsta- ir — = g |
lovat do dvou hodin. Naproti tomu ' [>
instalace tzv. ,Norskych ramia* |>

(obr. 9) o stejném obvodu, tvore-
nych Sesti pruty vyztuze, trvala pra-
covnikiim ¢tyfi az osm hodin dle

Obr. 11 Osténi s podporou prefabrikovanych pfihradovych vyztuZnych rdmii typu Bretex
Fig. 11 Lining supported by prefabricated Bretex-type truss reinforcement frames

naro¢nosti osazeni svornikid, které
jsou soucdsti rdmu. Dalsi vyhodou
prihradovych rdma je snazsi udrZzeni
tvaru osténi. V tunelu bylo celkové
nainstalovano 60 ks téchto prefabri-
kovanych ramu, obvykle v roztecich
1-3m.

Pred nahrazenim Norskych rama
prefabrikovanymi pfihradovymi ra-
my bylo potfeba provést staticky vy-
pocet, nadimenzovat jednotlivé prvky
a provést zménové fizeni ve spolupra-
ci s klientem a projektanty. Nasledné
byla vypracovana vyrobni dokumen-
tace téchto ramd. Navrh rdmua zahrno-
val 1 jejich optimalizaci zohlediujici
pozadavky lodni dopravy a rychlost
montdZze rami na stavbé. Ramy byly
nasledné dopraveny kamiony z huti
v Porufi [3] do Rotterdamu, kde byly
preloZeny na lod smér Térshavn.

Prilozené obrazky ukazuji porov-
nani fezu osténim vyztuZeného jed-
noduchymi (obr. 9) a dvojitymi (obr. 10) Norskymi rdmy a ramy
typu Bretex (obr. 11). Z obrazki je zfejmé narocnost realizace Nor-
skych ramu (zejména téch dvojitych).

Obr. 12 Portdl Famjin
Fig. 12 Famjin portal

ZAVER

Béhem razby byly zastizeny hor$i geologické podminky, nez
bylo predpoklddano. V kombinaci s umisténim stavby a naro¢ny-
mi klimatickymi podminkami §lo o komplikovany projekt, ktery
pfinasel nové vyzvy témér kazdy den. Diky skvélym vykonim
vSech pracovnikl a dobré spolupraci mezi dodavateli, klientem
a projektanty se podafilo projekt dovést do zdarného konce.
V dobé otevieni se jednalo o v poradi dvacaty Sesty tunel na Faer-
skych ostrovech a Sesty na ostrové Suduroy.

Ing. JAN SKALA, jan.skala@metrostav-norge.no,
Metrostav Norge AS

Recenzoval Reviewed: Ing. Otakar Krdsny
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(Fig. 9) and double Norwegian frames (Fig. 10) and with Bretex-type
truss frames (Fig. 11). The images make the complexity of installing
Norwegian frames, especially the double ones, immediately apparent.

CONCLUSION

During excavation, worse geological conditions were encountered
than expected. Combined with the remote project location and
challenging climatic conditions, this was a complex and demanding
project, presenting new challenges almost daily.

Thanks to the excellent performance of all workers and the good
cooperation between the contractors, client, and designers, the
project was successfully completed. At the time of its opening, it
became the twenty-sixth tunnel in the Faroe Islands and the sixth
tunnel on the island of Suduroy.
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PROJEKT BOLIDEN — RAZENIE KAVERIEN
PRE UKLADANIE JAROSITU
PROJECT BOLIDEN - EXCAVATION OF CAVERNS FOR JAROSITE
STORAGE

ANTON VIDO

ABSTRAKT

Cldnok popisuje razenie kaverien pre ukladanie jarositu — odpadu vznikajiiceho pri vyrobe zinku. Vyrobny zdvod a kaverny sa nachd-
dzaju na zdpade Norska na okraji mesta Odda, skoro na viplnom konci fjordu Serfjorden. Kaverny sa so svojimi rozmermi (d 250 m x
§30m x v 65 m) vymykajii rozmerom beznych podzemnych diel na iizemi Ceskej a Slovenskej republiky. PouZitd bola kombinovand metéda
razenia vrtno-trhacich prdc pre horizontdlne a vertikdlne odstrely.

ABSTRACT

The article describes the excavation of caverns for the storage of jarosite — a waste product generated during zinc production. The
production plant and the caverns are located in western Norway on the outskirts of the town of Odda, near the very end of the Sgrfjorden
fjord. With their dimensions (length 250m x width 30m x height 65m), the caverns exceed the scale of typical underground structures in
the Czech Republic and Slovakia. A combined tunneling method using drilling-and-blasting works was applied for both horizontal and

vertical blasts.

uvob

Nadnarodna spolocnost Boliden sa zaobera podnikatelskymi akti-
vitami v rdmci nerastnych surovin a spracovanim prvkov. Samotna
tovarenn Boliden v Odde bola postavena predovsetkym na vyrobu
zinku. Spracovava vytazenu nerastnd surovinu do podoby findlneho
produktu (prebieha tu cely vyrobny proces). ZaloZena bola v roku
1924 a postupom casu presla inoviciami vo vyrobe, ktoré boli spo-
jené nielen so samotnou produkciou, ale aj s environmentilnym
ukladanim odpadu pri produkcii zinku. Povodne sa odpad vypustal
bez uprav priamo do mora, ¢o sa v priebehu ¢asu stalo neakceptova-
telnym znecisfovanim Zivotného prostredia (Sgrfjorden bol v dobe
vypustania odpadu z vyroby do mora najznecistenejsi fjord na ze-
meguli [1]).

INTRODUCTION

The multinational company Boliden engages in business activities
related to mineral resources and metal processing. The Boliden plant
in Odda was built primarily for zinc production. It processes mined
raw material into the final product (the entire production process
takes place here). Founded in 1924, it has undergone production
innovations over time, related not only to manufacturing but also
to the environmental management of waste produced during
zinc processing. Originally, the waste was discharged untreated
directly into the sea, which over time became unacceptable
environmental pollution (Sgrfjorden was, at the time when waste
from production was discharged into the sea, the most polluted fjord
on Earth [1]).

As zinc production gradually increased, and with it the amount

of wundesirable jarosite waste,

the company began considering
how to handle this material in
an environmentally responsible
way. From around 1975, an
optimal solution for safe waste
storage was sought, and in 1980
a decision was made to store the
waste in constructed underground
chambers. The caverns for jarosite
waste are located in the Mulen
mountain massif, approximately
2km from the production plant
itself (Fig. 1). From that year
until today, 22 caverns have been
excavated in the underground
complex. Currently, the company
Metrostav Norge is completing
an expansion with two additional
caverns, 23 and 24, each providing

Obr. 1 Kaverny pre odpadovy jarosit v horskom masive Mulen vzdialenom cca 2 km od vyrobného zdvodu
Fig. 1 Caverns for jarosite waste in the Mulen mountain massif, located approx. 2km from the production plant

400,000m3 of effective space for
jarosite waste storage (Fig. 2).




Postupnym navySovanim vyroby
zinku a tym produkciou nezZiaduceho
odpadu jarositu sa spoloCnost zaCala
zaoberat myslienkou, ako environ-
mentdlne nakladat s touto neZiadu-
cou zlozkou. Zhruba od roku 1975
sa hladalo optimélne rieSenie pre
bezpecné ukladanie odpadu a v roku
1980 bolo rozhodnuté ukladat od-
pad do vybudovanych podzemnych
priestorov. Kaverny pre odpadovy
jarosit su umiestnené v horskom
masive Mulen vzdialenom cca 2 km
od samotného vyrobného zavodu
(obr. 1). Od toho roku az do sucas-
nosti sa v podzemnom komplexe
vyrazilo 22 kaverien. Aktudlne spo-
lo¢nost Metrostav Norge dokoncuje
rozsirenie o dalSie dve kaverny 23
a 24 s objemom 2 x 400 000 m?
efektivneho priestoru na ukladanie
odpadového jarositu (obr. 2).

TECHNICKA SPECIFIKACIA
PROJEKTU

Aktudlna etapa rozSirenia pod-
zemnych priestorov dostala nazov
,Fjellhaller 23§24, ktory sa odvija
od razenia dvoch hlavnych objektov:

35. rocnik - €. 2/2026

TECHNICAL SPECIFICATION
OF THE PROJECT

The current stage of underground
expansion has been  named
“Fjellhaller 23§24 ”, which reflects
the excavation of the two main
structures: caverns 23 and 24 [2], [3].
This stage of expansion also includes
the excavation of several additional
structures. In total, the expansion
phase of the waste-storage complex
consists of eight construction objects
(Fig. 3):

e access tunnels to the caverns

(initial excavation):

1. Gips tunnel;

2. Hovedadkomst tunnel;
3. Faring nord;

e 4. cavern 23;

e 5. cavern 24,

e 6. HG Hall (Mercury Hall);

e 7. tip-out window A (sea

disposal chute);

e 8. tip-out window N (sea
Obr. 2 Findlne prdce na razeni kaverny 23 disposal chute).

Fig. 2 Final works during the excavation of cavern 23 Contractually, the project is
executed as a partial “Design and

kaverien 23 a 24 [2], [3]. Ku aktualnej etape rozsirenia podzemného | Build”. The investor required the design and optimization of the
diela prislicha razenie niekolkych dalSich objektov. Celkovo etapa | underground works in order to meet contract conditions, whose
rozsirenia komplexu na uloZenie odpadu predstavovala osem staveb- main requirement was achieving an excavated effective volume of

nych objektov (obr. 3), a to:

800,000m?3, divided between the two caverns.

* pristupové tunely ku kavernam (otvarka): In Fig. 3, the complex of underground structures excavated for the

1. tunel Gips;
2. tunel Hovedadkomst;
3. Faring nord;

e 4. kaverna 23;

e 5. kaverna 24,

¢ 6. HG hala (Ortutova hala);

e 7. vyklopné okno A (sypanie do

mora);

» 8. vyklopné okno N (sypanie do

mora).

Zmluvne je projekt vykonavany
ako ciastocny ,.Design and Built™.
Investor pozadoval navrh a optima-
lizaciu podzemnych diel za tcelom
dosiahnutia zmluvnych podmie-
nok, ktoré mali hlavny parameter,
a to vyrazenie efektivneho objemu
800 000 m? rozdeleného medzi dve
kaverny.

Na obr. 3 vidiet komplex pod-
zemnych diel vyrazenych za ucelom
uskladnenia odpadového produktu
pri vyrobe zinku. Objekty vykreslené
Sedou farbou zobrazuju aktudlny stav
podzemnych diel v prevadzke a Zltou
farbou je zvyraznena naprojektovand
Cast roz§irenia komplexu, ktora je ak-
tudlne vo vystavbe.

storage of zinc-production waste is shown. The structures marked

in grey represent the current operational underground works, while

. tunel Gips 5. kaverna 24

. tunel Hovedadkomst 6. HG hala (Ortutova hala)
. Faring nord 7. vyklopné okno A (sypanie do mora)

. kaverna 23 8. vyklopné okno N (sypanie do mora)

Obr. 3 Komplex podzemnych diel Boliden pre uloZenie odpadu z vyroby zinku, Sedé — podzemné priestory v prevd-
dzke, Zlté — projektované rozSirenie, aktudlne vo vystavbe

Fig. 3 Boliden underground works complex for storage of zinc-production waste, grey — underground spaces in
operation, yellow — designed expansion currently under construction
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STRUCNA HISTORIE ULOZISKA

Da sa povedat, Ze podzemny systém ako taky pdsobi ako bansky
komplex pri dobyvani nerastnych surovin. Ako uz bolo uvedené, his-
téria prvej kaverny zacala projektovanim v roku 1980. Prva kaverna,
s objemom 69 000 m3, bola razena z jednej strany s jednym moznym
vchodom a vychodom. Razenim dvodnych otvarkovych diel a sa-
motnej kaverny sa potvrdili stabilné geologické pomery a zacalo sa
uvazovat o postupnom navySeni objemu kaverien a zefektivnenie
samotnych otvarok.

Posledné dve zatial vyrazené kaverny 21 a 22 boli planované kazda
jedna s objemom 400 000 m3, ale ani na jednej sa nedosiahol pozado-
vany objem a skoncili tesne pred limitom 397 000 m3 a 396 000 m?3.
Dovod nedosiahnutého objemu je spdsobeny prioritne vertikidlnou
metodou razenia v kombindcii prechodov geologickych vrstiev, kto-
ré spdsobovali zatvaranie profilu podzemného diela v dolnej Casti,
ako je uvadzané pri popise technoldgie vertikalneho razenia.

GEOLOGIA UZEMIA

Predpoklad stabilnej geologickej skladby horninového masivu
tvoril nutny predpoklad projektu rozsirenia podzemnych objektov.
Skusenosti vychadzali z predchadzajicich uz vyrazenych objektov.
V kavernach sa predpokladal, a neskor tieZ potvrdil v priebehu vy-
stavby, vyskyt ostrovnej Zuly/ruly aj amfibolitu, ako bolo aj v pred-
chéadzajucich poslednych vyrazenych kavernidch 21 a 22. Naprie¢
kavernami 23 a 24 v tklone 60°-70° sa predpokladali a neskor tiez
overili tri tektonické/poruchové zony. Ocakavalo sa, Ze tieto zony
budu zvodnené, Co sa ale nepotvrdilo.

Aby bolo minimalizované riziko kontaminécie okolitého prostre-
dia vyluhmi z ukladaného odpadového materidlu, ktory je do kave-
rien dopravovany Cerpanim vo forme kalu, si kaverny umiestnené
v horninovom prostredi s minimalnou priepustnostou a dno kaverien
sa nachddza cca 30 m pod hladinou mora tak, aby hydraulicky gra-
dient bol smerom do kaverien, ¢o zabezpeCuje prirodzeny pretlak
prostredia. V oblasti poruchovych zén sa aplikovala hrubsia vrstva
striekaného beténu za Gcelom stabilizacie a zamedzenia kontamina-
cie oblasti. Medzi kavernami v pilieroch st hydrogeologické vrty
o dizke 280 m, vitané v tklone tak, aby zachytili geologické vrstvy
v oblasti kaverien. Tu sa odoberaju pravidelné vzorky vody a kontro-
luje sa pripadny unik.

TECHNICKY POPIS

Kaverny 23 a 24 majt planovany rovnaky objem ako dve predcha-
dzajuce kaverny (21 a 22), najvicsie, ktoré boli v ramci podzemného
uloZiska vybudované. Podzemné objekty spolu so zaistenim spolu-
pdsobia s horninovym masivom tieZ cez instalované horninové svor-
niky v diZkach 3 m aZ 7 m podla geologickej skladby v prisluSnom
mieste. Napriek vzdialenosti (pilierov) 50 m medzi kavernami sa
kaverny navzajom ovplyviiuju. Razenie kazdej dalSej kaverny spo-
sobuje zmeny v napitostnom poli a redistribiciu napiti. Zaistenie
vyrubu kaverny musi byt navrhnuté tak, aby horninovy masiv zvla-
dol aj toto dodatocné zatazZenie.

PLAN RAZENIA KAVERIEN 23 A 24

Pre zapracovanie realizacného projektu jednotlivych kaverien sa
bralo do tvahy niekolko technickych parametrov, ktoré museli byt
zohladnené pri technickej naro¢nosti. Aby sa dosiahol poZadovany
findlny objem (400 000 m?), boli kaverny pri razeni vertikédlne roz-
delené na pit lavic. Prvé Styri lavice mali presné rozmery a posledna
lavica sa odvijala od potreby dosiahnut findlny objem.

Rozmery kaverien (teoreticky vs. redlny profil; kaverna 23 dosiah-
la 401 450 m3 a kaverna 24 je v procese vyhodnocovania objemu):

e di7ka 250 m (relna dizka 252 m);

¢ vyska 65 m (redlna vyska 73 m);

Tuel

the yellow-highlighted areas show the designed expansion currently
under construction.

BRIEF HISTORY OF THE STORAGE FACILITY

It can be said that the underground system functions similarly as
a mining complex used for extracting mineral resources. As already
mentioned, the history of the first cavern began with its design in
1980. The first cavern, with a volume of 69,000m3, was excavated
from one side, with a single possible entrance and exit. During the
excavation of the initial access works and the cavern itself, stable
geological conditions were confirmed, which led to considerations
of gradually increasing cavern volumes and improving the efficiency
of the opening works.

The last two completed caverns, 21 and 22, were each planned to
reach 400,000m3, but neither achieved the required volume, ending
just below the limit at 397,000m3 and 396,000m3. The reason for
not meeting the volume target was primarily the vertical excavation
method combined with transitions between geological layers, which
caused closure of the underground profile in the lower part, as
described later in the section on vertical excavation technology.

GEOLOGY OF THE AREA

The assumption of a stable geological composition of the rock
mass was a necessary prerequisite for the project of expanding the
underground structures. Experience was derived from previously
excavated sections. In the caverns, the presence of island granite/
gneiss and amphibolite was expected, and later confirmed during
construction, just as in the previously excavated caverns 21 and 22.
Across caverns 23 and 24, three tectonic/fault zones were anticipated
and later verified, dipping 60°-70°. These zones were expected to be
water-bearing, but this was not confirmed.

To minimize the risk of contaminating the surrounding environ-
ment with leachates from the deposited waste material, which is
transported into the caverns as pumpable slurry, the caverns are
located in a rock environment with very low permeability, and
the cavern floors lie approximately 30m below sea level. This
ensures that the hydraulic gradient is directed into the caverns,
providing natural confining pressure. In the areas of fault zones,
a thicker layer of shotcrete was applied to achieve stabilization and
prevent contamination of the surroundings. Between the caverns,
hydrogeological boreholes with a length of 280m are drilled at an
inclination so as to intercept geological layers in the cavern zone.
Water samples are taken regularly from these boreholes to monitor
any potential leakage.

TECHNICAL DESCRIPTION

Caverns 23 and 24 are planned to have the same volume as the two
preceding caverns (21 and 22), the largest structures built within the
underground storage complex. The underground structures, together
with their support systems, work in conjunction with the surrounding
rock mass, utilizing rock bolts with lengths ranging from 3m to 7m
depending on the geological composition at specific locations.

Despite the 50m distance (rock pillars) between the caverns,
they still influence each other. Excavating each new cavern causes
changes in the stress field and redistribution of stresses. The support
system of each cavern must therefore be designed to ensure the rock
mass can withstand this additional loading.

EXCAVATION PLAN FOR CAVERNS 23 AND 24

When preparing the detailed design for each cavern, several
technical parameters had to be considered due to the complexity of
the excavation. To achieve the required final volume (400,000m3),
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Obr. 4 Kaverna — pldn a skutoénost’
Fig. 4 Cavern — planned vs. actual profile

e Sirka 30 m (redlna Sirka s postupnym zatvaranim pri dne bola
19 m — obr. 4 — je vidiet postupné zatvéranie profilu; progres je
rychlejsi na objem horniny, ale menej presny na profil a kontrolu
razenia);

e horizontéalne razenie (Drill & Blast);

* vertikdlne razenie (Bench blasting).

Horizontélne razenie bolo planovane aplikovat na prvé tri lavice
Standardnou Skandindvskou metédou Drill & Blast s postupnym
zaistovanim. Skladba zaistenia je navrhovana investorom v spolu-
préci s dodavatelom, ktory bliZSie pozna spravanie sa horninového
masivu v priebehu razenia. Zaistenie vyrubu pozostdva zo strieka-
ného beténu, horninovych svornikov a pramencovych svornikov.
Deformécia v sekundarnom stave napitosti velkorozmerového pod-
zemného diela je prendsand po profile nepravidelne, preto svorni-
kova vystuz bola projektovana tak, aby sa Ciastocne prispdsobovala
deformécidm. Pramencové svorniky su inStalované bez predopnutia
a bez podlozky. SliZia predovSetkym na stabilizaciu pri pdsobeni
napitia vo vertikilnom smere na strih. V tomto pripade pramencovy
svornik pozostava s dvoch zapletenych ocelovych lan s priemerom
2 x 6 mm inStalovanych do svornikovej malty (obr. 5). Zaistenie
profilu pozostéavalo (obr. 6):

Obr. 5 Pramencovy svornik
Fig. 5 Cable bolt (strand bolt)
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the caverns were divided vertically into five benches. The first four
benches had fixed dimensions, while the final bench was adjusted as
needed to reach the target volume.

Cavern dimensions (theoretical vs. actual profile; cavern 23
reached 401,450m3, and cavern 24 is currently being evaluated):

¢ length: 250m (actual length 252m);

e height: 65m (actual height 73m);

e width: 30m (actual width, with gradual closure toward the
bottom, was 19m — see Fig. 4, where progressive profile
narrowing is visible; this method advances faster in terms
of rock volume but is less precise for profile accuracy and
excavation control);

* horizontal excavation: Drill & Blast;

¢ vertical excavation: Bench blasting.

Horizontal excavation was planned for the first three benches using
the standard Scandinavian Drill & Blast method with progressive
support installation. The support system was designed by the investor
in cooperation with the contractor, who has deeper knowledge of
rock mass behavior during excavation. The rock support consists of
shotcrete, rock bolts, and cable bolts.

Deformation of the secondary stress state in large underground
spaces is distributed irregularly along the profile. Therefore, the bolt
reinforcement was designed to partially adapt to deformations. The
cable bolts are installed without prestressing and without plates.
Their primary purpose is to stabilize the rock mass against shear
forces acting vertically. In this case, the cable bolt consists of two
interwoven steel strands, each 6mm in diameter, installed in grout
(see Fig. 5).

The support system of the profile consisted of (Fig. 6):

* 80mm thick shotcrete.

* Rock bolts @ 20mm with corrosion protection, anchored at the

root using two-component resin cartridges.

 Cable bolts with a length of 7m.

Atan underground complex of this scale, it is common to encounter
rock slabs detaching or even being ejected from the unsupported face
or walls of the excavation.

This phenomenon is a stress-related manifestation of stress
redistribution in the rock mass, accompanied by spalling of the
excavation profile. Spalling occurred especially during the parallel
excavation of cavern 23 and the access tunnel for cavern 24.
On several occasions, work had to be halted until the rock mass
released accumulated stress, accompanied by loud cracking sounds
and spalling. The stress was later relieved by vibrations caused by
drill-and-blast operations performed in nearby areas.

The support system was designed for the first four benches,
and the technological height was adapted accordingly for the
drilling jumbo, which had a maximum reach of 12m, as well as
the shotcrete machine. To achieve maximum work efficiency,
support installation was carried out behind the excavation face,
always considering geological stability. Achieving maximum
production efficiency depended on work organization and the
parallel execution of operations. For this reason, a detailed work
procedure was developed, specifying task coordination to maintain
safety while maximizing available resources to achieve production
targets.

The initial excavation of the cavern was planned in nine main
excavation steps, shown in Fig. 7. In principle, the cavern is divided
diagonally into two parts:

1. Upper section above the diagonal line (excavation steps 1-4
in Fig. 7). In this stage, excavation was carried out downhill
to connect the elevation levels of the access tunnels. This was
the most technologically demanding part of the cavern due to
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e striekany beton hribky 80 mm;

e svornik @ 20 mm s protikoréznou
ochranou, s kotvenim pri koreni
dvojzlozkovym lepidlom v patrone;

* pramencové svorniky o dizke 7 m.

Pri podzemnom komplexe takéhoto roz-
meru je casto sprievodny jav vypaddvanie aZ
vystrelovanie plochych Castic horniny z ne-
zaisteného Cela alebo stien profilu. Jedna sa
o tlakovy prejav redistribucie napitia v hor-
ninovom masive sprevadzany odpryska-
vanim profilu vyrubu. Odprysky boli
zaznamenané najmid pri sibeznom razeni
kaverny 23 a otvarkovych diel pre kavernu
24. Mnohokrét sa muselo ¢akat na uvolnenie
napitia v horninovom masive sprevddzane
hlasnym praskanim a odpryskom. Napitie
sa neskor uvolnilo otrasmi z vrtno-trhacich
préac vykonavanych v blizkom objekte.

Zaistovanie bolo projektované na prvé
Styri lavice a tomu sa prispdsobila aj tech-
nologicka vySka na vrtny stroj s dosahom
max. 12 m a rovnako aj stroj na strickanie
beténu. Pre maximélnu efektivitu prac sa
zaistovacie prace realizovali za pracovis-
kom, vzdy s ohladom na stabilni geol6giu.
Dosiahnutie maximalnej efektivity produk-
cie bolo podmienené organiziciou pric

TufHel

zaistenie klenby

arch support

10 cm hribka striekaného
beténu typu E1000

10cm thickness of sprayed
concrete type E1000

skalné svorniky mechanické

o priemere 20 mm s dizkou 6 m
a4 m s rastrom in3talacie

2 x 2 m s dodatoénym
naplnenim maltou

mechanical rock bolts with

a diameter of 20mm, lengths

of 6m and 4m, installed

ina 2 x 2m grid, with additional
grout filling

zaistenie stien

walls support

* 60 cm hrabka striekaného
beténu typu E1000

60cm thickness of sprayed
concrete type E1000

s kombinovanym zaistenim
svornikov — pramencovy
svornik v zloZeni dva pramence
o0 priemere 6 mm kazdy

a dizka 7 m, indtalacia po celej
dizke v svornikovej malte

a skalny svornik priemer 20 mm
dizka 4 m a rastrom intalacie
2 x4 m, upevnenie cez
dvojzlozkové lepidlo pri koreni
svornika

with combined bolt support -
strand bolt consisting of two
strands, each 6mm in diameter,
length 7m, installed along the
entire length in bolt grout; and
a rock bolt with a diameter

of 20mm, length 4m, installed
ina 2 x 4m grid, fixed with

two component resin at the

a stibehom pracovnych operécii v jednom bolt head
Case. Z toho dovodu sa vypracoval pracov- D D P P W N T S S o v v
ny postup, ktory Specifikoval organizaciu  opr. 6 Navrhnuté zaistenie
préac s ohladom na zachovanie bezpecnosti  Fig. 6 Designed support system
spad 1:6 5. krok — dorazenie lavice ¢. 1 3. krok — rampa do lavice ¢&. 3 a razenie
________ A fall16 5% step — completion of bench no. 1 / 3 step - ramp to bench no. 3 and excavation
r T I i it I T i 3 i1 T i T i T T i g it i I i i I I i I i i I I i 3 Il X I X 3 =
Groveri 1 1. krok — prerazenie lavice ¢. 1 k |
level 1 1%t step — breakthrough of bench no. 1 3
Uroveri 2+ 6.krok — dorazenie lavice ¢. 2 2. krok — rampa do lavice €. 2 a razenie L
level 2 | 6" step — completion of bench no. 2 2 step — ramp to bench no. 2 and excavation M
-
troveit 3 "} 7. krok — dorazenie lavice ¢. 3 (metdda vertikalného vitania a odstrelov) ‘
level 3 *§ 7" step — completion of bench no. 3 (vertical drilling and blasting method)
Ly
Groveii 4 =4 8. krok — dorazenie lavice €. 4 (metdda vertikalného vtania a odstrelov)
level 4 of 8 step — completion of bench no. 4 (vertical drilling and blasting method) 4. krok - prerazenie
" o . e do spodného
troveii 5 = 9. krok — dorazenie lavice €. 5 (metoda vertikalného vitania a odstrelov) pristupoveého tunelu
level 5 »f 9" step — completion of bench no. 5 (vertical drilling and blasting method (Faring nord)
" 4" step — breakthrough
to the lower access tunnel
£9*250, 39,495 25500 147,145 (Faring North)
Obr. 7 Projektované kroky razenia
Fig. 7 Planned excavation steps
tunel Gips
Gips Tunnel kaverna 23 Hovedadkomst
r cavern 23 Hovedadkomst

drovedi 1

LIS
i gt

=

CEE T

| lroven2 | Grovei 2 =
L level2 |F level 2 |
tefi sty T

ulroveﬁ 3 <141 n Faring North
evel : L = _Ji

Obr. 8 Realizaénd fdza, oranZovd — metoda Drill & Blast, vrty pre trhacie prdce (sub)horizontdlne, éervend — vertikdlna razba, vrty pre trhacie prdce zvislé
Fig. 8 Execution phase, orange — Drill & Blast method, blast holes drilled (sub)horizontally, red — vertical excavation, blast holes drilled vertically




a vyuzitia maximalnych moznych zdrojov na dosiahnutie produkc-
nych vykonov.

Otvarka samotnej kaverny bola pldnovana na devit hlavnych kro-
kov razenia a je zobrazend na obr. 7. V principe je kaverna rozdelena
uhloprieckou na dve Casti:

1. Horné Cast razenia nad uhloprieCkou opisana na obr. 7 krok-
mi razenia 1 aZ 4. V tomto Case sa razenie realizovalo tpadne
na prepojenie vySkovych etazi pristupovych tunelov. Bola to
technologicky naroc¢nejSia Cast kaverny z dovodu tpadné-
ho razenia so sklonom 16°, ¢o bolo cez hranicu technickych
parametrov pouZitej vrtnej supravy, ktort je mozné pouZzit do
sklonu 14°. Boli prijaté opatrenia na zaistenie prac nad ramec
technickych parametrov strojov, aby sa mohli nadalej vyuzivat
bezpecnym spdsobom. Prepojenie vySkovych etaZi zabezpeci-
lo vyhodnejSiu poziciu pre razenie a hlavne sa dosiahlo prie-
bezné vetranie pracoviska a neskdr vyregulovanie vhodného
prudenia vzduchu.

2. Spodné Cast razenia pod uhloprieckou je opisand na obr. 7
krokmi razenia 5 az 9. V tejto Casti sa rychlost razenia navysila
0 30 % z ddvodu horizontilneho postavenia strojov a tpadnej
odfazby cez spodny horizont, pristupovy tunel Faring nord.
Spotreba PHM a poruchovost strojov sa znormalizovala oproti
prvej etape razenia kaverny, ktora bola technicky narocnejSia
s pohladu portch strojov a spotreby PHM.

POUZITE METODY RAZENIA KAVERIEN

Pouzité metddy razenia vychadzali z predchadzajuicich skisenosti
a internych Statistik investora. Kombinacia horizontdlneho a verti-
kalneho razenia sa ukazala ako najefektivne;jSi sposob na dosiahnutie
findlneho objemu kaverien. Na dodéavatelovi ostalo urobit si vlastné
vyhodnotenie zo Statistik a pripravit plan vykonania prac.

Na obr. 8 je ukdzané, ako prebiehalo skutocné razenie kaverien.
Oranzova farba vyznacuje oblast razenia metédou Drill & Blast (vrty
pre trhacie préace su sub-horizontalne a cervena farba vyznacuje oblast
s vertikdlnym razenim (vrty pre trhacie prace s zvislé). Obrazok za-
roven predstavuje detailne kroky razenia s popisom kazdého zaberu.

Horizontalna metoéda razenia (Drill & Blast)

DiZka zdberu bola 5 aZ 6 m a bola limitovand technolégiou tzn.
vykonom strojov. Razena plocha celby “lavice” (obr. 9) bola 310 m?
az 372 m? a jeden objem odstrelu bol v priemere 1 600 m3. Prace sa
efektivne zosuladili a prekryvali minimélne dve operacie v jednom
Case, ako napriklad:

¢ nakladanie/odtazba;

e mechanické zacisfovanie vylomu;

* price na zaistovani.

Do uvahy sa berie, Ze hlavnou poZiadavkou bol ob-
jem kaverien. Pri horizontalnom razeni bolo mozné
dosiahnuf mesany vykon 61 000 m* pri kontinual-
nej tazbe s piatimi dumprami, prestivkami na servis
a kratkymi prestojmi medzi operdciami.

Vertikalna metdda razenia (Bench blasting)

Vertikdlna metéda (obr. 10) je urcend na razenie
objemovych diel, kde sa nekladie doraz na udrza-
nie profilu; je efektivnejsia ako horizontdlna metéda
na priestorové podzemné diela. Jeden zaber dosaho-
val 17 500 m3 horniny (bez nakyprenia), pri pouZiti
14 500 kg trhaviny (emulzné strelivo). Nevyhodou
metody je nizsia presnost razby, hrubsia frakcia, pras-
nost pri vitani a potrebnd uvodna vyska 5 m az 10 m na
moznost osadenia lomovej vrtnej supravy pri pracach
v podzemnych priestoroch.
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the downhill excavation at a 16° inclination, exceeding the
technical limits of the drilling rig, which could operate only up
to 14°. Measures were implemented to secure the work beyond
the machine’s standard parameters so that operations could
continue safely. Connecting the elevation levels enablewd
a more advantageous working position for excavation and
ensured continuous ventilation of the workplace, as well as
later achieving regulated airflow.

2. Lower section below the diagonal line (excavation steps 5-9 in

Fig. 7)

In this part of the excavation, progress increased by approximately
30%, due to the horizontal positioning of the equipment and downhill
mucking via the lower horizon, the Faring Nord access tunnel. Fuel
consumption and equipment failure rates stabilized compared to the
first stage of the cavern excavation, which had been more technically
demanding in terms of machine wear and fuel usage.

EXCAVATION METHODS USED FOR THE CAVERNS

The excavation methods were based on previous experience and
the investor’s internal statistics. The combination of horizontal
and vertical excavation proved to be the most efficient approach
for achieving the final cavern volume. It was up to the contractor
to evaluate the statistics independently and prepare a detailed work
execution plan.

Figure 8 illustrates how the actual cavern excavation progressed.
Orange marks areas were excavated using the Drill & Blast
horizontal method (blast holes drilled sub-horizontally). Red marks
areas excavated using the vertical bench-blasting method (blast holes
drilled vertically).

The diagram also presents the detailed excavation sequence with
a description of each blast round.

Horizontal Excavation Method (Drill & Blast)

The blast round length ranged from 5 to 6m, limited by the
available equipment and its performance. The excavated “bench
face” area (Fig. 9) ranged between 310m? and 372m?, and a single
blast produced on average 1,600m3 of rock.

Work operations were effectively coordinated so that at least two
activities occurred simultaneously, such as:

* Joading/mucking;

* mechanical scaling of the excavation;

* installation of support.

Since the primary requirement was cavern volume, horizontal
excavation enabled reaching a monthly output of 61,000m3,

Obr. 9 Razenie lavice ¢. 2, zaistovanie lavice ¢. 1 a ¢. 2 stibeZne
Fig. 9 Excavation of bench no. 2, simultaneous support installation on benches no. 1 and 2
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assuming continuous mucking with five dumpers, planned servicing
breaks, and short pauses between operations.

Vertical Excavation Method (Bench Blasting)

The vertical method (Fig. 10) is designed for excavating
large-volume openings where profile accuracy is not a priority. It
is more efficient than the horizontal method for large underground
spaces. One blast round yielded approximately 17,500m3 of
rock (unloosened volume), using 14,500kg of explosives (emul-
sion-based). Disadvantages of the method include lower profile
precision, coarser fragmentation, increased dust generation during
drilling, the need for an initial height of 5-10m to set up the
quarry-type drilling rig used underground.

Vertical excavation, focused primarily on volume, achieved
a monthly output of 90,000-105,000m? with minimal disruption
from other operations like support installation, work transitions, and
with no requirement to maintain precise profiles.

HANDLING OF EXCAVATED ROCK

An interesting aspect of the project is not only the complex
underground system and the excavation of large span structures
(caverns), but also the handling of the blasted rock. Figure 11 shows
Discharge Window N with floating pontoons, in place. Nearly
1,000,000m?3 of excavated material had to be deposited somewhere,
either through efficient use of the high-quality rock or through the
less efficient option of disposing of it into the sea.

The project attempted to use as much of the excavated material
as possible by transporting it to a crusher. However, with a crushing
capacity of only 60,000m3, only a small portion of the total material

Obr. 10 Vertikdlne vitanie na odstrel lavice ¢. 4

Fig. 10 Vertical drilling for the blast of bench no. 4 could be effectively processed.
Sea disposal had strict conditions and parameters that had to be
Vertikélne razenie zamerané na objemy dosahovalo mesacny vy- continuously monitored and adhered to:
kon 90 000 m3 az 105 000 m3 bez minimalneho obmedzenia praco- * depth measurements of the seabed at the discharge windows,
viska, ako su iné pracovné operécie, zaistovanie, vymena operacii where the dumping limit is Sm below the sea level (measured
a bez dorazu na kvalitu profilov. weekly);

Obr. 11 Vyklopné okno N s dvomi pldvajiicimi ponténmi o celkovej dlZke 210 m aj s prechodovym mostom uréenymi na sypanie riitbaniny do mora cez vyklopné
oknd so zardZkami pre dumpre

Fig. 11 Tip-out window N with two floating pontoons, total length 210m, including a transfer bridge, intended for dumping excavated rock into the sea through
discharge windows equipped with stops for dumpers
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NAKLADANIE S RUBANINOU

Zaujimavostou projektu je nielen komplex-
ny podzemny systém s otvarkou velkych (ha-
lovych) objektov — kaverien, ale aj nakladanie
s odstrelenou rubaninou. Na obr. 11 vidiet
vyklopné okno N s pripravenymi plavajticimi
ponténmi, tzv. lektrami. Objem rdbaniny skoro
1 000 000 m3 sa musel niekde uloZit, ¢i to uz
bolo efektivne vyuzitie vysokokvalitného ma-
teridlu, alebo neefektivne uloZenie a to sypanie
do mora. Projekt sa snazil vyuzit ¢o najvicsiu
Cast vytaZzeného materidlu, ktory sa vozil na
drvicku, ale pri kapacite 60 000 m3 predrvené-
ho materialu tak bola efektivne spracovana iba
mala Cast z celkového mnoZstva.

Sypanie do mora malo svoje podmienky
a parametre, ktoré sa museli dodrZat a pravi-

PO — s —

delne kontrolovat:

« meranie hibky dna vo vyklopnych oknéch
ponténu, kde limit sypania je do 5 m hibky
od hladiny (kazdy tyzden);

* meranie hluku (2x za projekt);

* sken morského dna (8x za projekt pre kontrolu sypného uhlu
a volného priestoru);

* kontrola zékalu a pradenia vody pri sypani (senzory na kontrolu
toho, aby sa jarosit v minulosti uloZeny na morskom dne neroz-
viril).

Kazda etapa aj predchadzajicich projektov mala iné nastavenie

a poziciu sypania do mora, to preto, aby priestor bol postupne a rov-
nomerne vyplneny bez zbyto¢nych neefektivnych hluchych miest
(obr. 12).

ZAVER

Projekt kaverien pre ukladanie jarositu — odpadu vznikajiceho pri
vyrobe zinku — v Nérsku v Odde bol a stéle je vyzvou, ktora si vy-
zadovala sudrZny a zohrany projektovy tim. KedZe boli stanovené
diel¢ie milniky pod sankciami, planovanie akcie muselo byt precizne
tak, aby sa prace realizovali v dany ¢as a na spradvnom mieste. Zaro-
veti sa muselo zohladnit riziko kolizie, ovplyviiovanie sa pracovisk
navzajom. Bola to naro¢na uloha, s ktorou sa projektovy tim popa-
soval a dokonca bol schopny akcelerovat a odovzdat fizu razenia
o Styri mesiace skor oproti harmonogramu, kde uz pévodny plan bol
striktny. Podakovanie patri vSetkym zi¢astnenym na projekte, ktori
priloZzili ruku k dielu a pomohli ukdzat, Ze Metrostav si vie zmeneZo-
vat aj taky neStandardny a mimoriadne naro¢ny projekt. V neposled-
nom rade k samotnému tspechu prispeli aj priaznivé geotechnické
podmienky horninového masivu, v ktorom sa cely tento podzemny
komplex nachéddza.

Zdar Boh!

Ing. ANTON VIDO, anton.vido@metrostav-norge.no,
Metrostay Norge

Recenzoval Reviewed by: doc. Ing. Viadislav Hordk, CSc.
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Obr. 12 Skenovanie morského dna s vyhodnotenim volného priestoru na sypanie riibaniny
Fig. 12 Seabed scanning with evaluation of available free space for dumping excavated material

* noise measurements (twice during the project);

 seabed scanning (eight times during the project to check the
dumping slope and available space);

* monitoring of water turbidity and currents during dumping
(sensors ensured that previously deposited jarosite on the seabed
would not be disturbed or stirred).

Each stage of this project, as well as those before it, had different

dumping parameters and positions at sea, so that the area could be
filled gradually and evenly without leaving inefficient voids (Fig. 12).

CONCLUSION

The cavern project for the storage of jarosite, the waste produced
during zinc manufacturing, located in Odda, Norway, has been, and
continues to be, a significant challenge requiring a coordinated and
well-aligned project team. Since key milestones were contractually
tied to penalties, planning had to be precise to ensure all work was
carried out at the right time and place. At the same time, the team had
to consider potential collisions between work fronts and the mutual
influence of various workplaces.

It wasademanding task, butthe project team manageditsuccessfully
and even accelerated progress, completing the excavation phase
four months ahead of schedule, despite the strict original schedule.
Thanks are due to everyone involved, who contributed their efforts
and helped demonstrate that Metrostav is capable of managing
such a non-standard and extremely demanding project. Finally, the
favorable geotechnical conditions of the mountain massif in which
the entire underground complex is located also played an important
role in the successful outcome.

Zdar Boh! (Traditional mining greeting: “God bless the miners!”)

Ing. ANTON VIDO, anton.vido@metrostav-norge.no,
Metrostav Norge
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STOLA MARIE PRO PODROBNY GEOTECHNICKY PRUZKUM TUNELU
KAMENNA VRATA NA DALNICI D3
MARIE GALLERY FOR AN IN-DEPTH GEOTECHNICAL SURVEY
OF THE KAMENNA VRATA TUNNEL ON THE D3 MOTORWAY

PETR SVOBODA, PAVEL CELIS

ABSTRAKT

Cldnek piblizuje zkuSenosti zhotovitele s konvencni raZbou priizkumné stoly Marie pro budouci tunel Kamennd Vrata na ddlnici D3, a to
zejména s ohledem na profil priizkumného dila, strojni sestavu a rychlost vlastni razby. V dobé pripravy cldnku je vyraZeno necelych 400 m
priizkumné Stoly véetné nékolika vyhyben. Upadni razba je realizovdna v hornindch s vysokou pevnosti pomoci trhacich praci.

ABSTRACT

The article describes the experience of the contractor with conventional excavation of the Marie exploratory gallery for the future
Kamennd Vrata tunnel on the D3 motorway, mainly with regard to the profile of the exploratory work, machinery, and excavation speed.
At the time of preparing this article, just under 400m of the exploratory gallery have been excavated, including a few passing bays. The
downhill drive is realised in rock with high strength using blasting works.

1. PRUZKUMNA $STOLA

Priizkumnou §tolu realizuje pro objednatele Reditelstvi silnic
adalnic Ceské republiky SdruZeni TBR + STR + PUD + PGP + GTC
— Tunel Kamenna Vrata, které je sloZené ze spole¢nosti Metrostav
TBR a.s., STRABAG SIS a.s., PUDIS a.s., PRAGOPROJEKT a.s.
a GeoTec-GS a.s.

Hlavnim cilem podrobného geologického (geotechnického) pri-
zkumu formou razby priizkumného dila je zjisténi geotechnickych
vlastnosti jednotlivych hornin (horninového masivu) vcetné ovéreni
vlivu podzemni vody (pfitoky do vyrubu a také dosah ovlivnéni hla-
diny podzemni vody) a ovéfeni odezvy horninového masivu na raz-
bu. Vysledkem bude zpracovani podrobného podkladu pro projekt
razby budoucich dalni¢nich tuneld, a to zejména s predpokladdanym
zamérem piipravit tuto ¢ast stfedoCeské dalnice D3 pro realizaci for-
mou PPP (Public Privat Partnership) projektu,
kdy zamérem budouciho zadavatele (Ceska re-
publika prostfednictvim ministerstva dopravy)
je poskytnout zdjemctm o realizaci maximalni
mnozstvi dostupnych informaci o zastiZené
geologii s ohledem na rozdé€leni rizik mezi
koncesiondie a zadavatele.

Stola je realizovdna cyklickym konvenc-
nim raZenim podle princip observacni Nové
rakouské tunelovaci metody. Predpokladani
délka Stoly je 1617 m.

Pti slavnosti svéceni sv. Barbory byla Stola
pokiténa Marie podle Marie Zderiky Babo-
rové-Cihdkové, kterd byla prvni Zenou v Ce-
chach, kterd dosdhla titulu doktor filozofie.
Pred dosazenim tohoto cile studovala na prvni
ceské Zenské Skole Minerva. Také se vénovala
botanice a zoologii. Pani Marie je pochovdna
na nedalekém hibitové v Jilovém u Prahy, ro-
disti svého manzela.

2. GEOLOGICKE POMERY

Horninovy masiv tunelu Kamennd Vrata
tvori dva zakladni litologické typy, prvnim

Obr. 1 Rubanina na celbé Stoly po odpalu
Fig. I Muck at the face of the gallery after blasting

1. EXPLORATORY GALLERY

The exploratory gallery is being realised for the contract
owner Reditelstvi silnic a dlnic Ceské republiky (The Road and
Motorway Directorate of the Czech Republic) by an association
named ,,Sdruzeni TBR + STR + PUD + PGP + GTC — Tunel
Kamenna Vrata “, which consists of companies Metrostav TBR a.s.,
STRABAG SIS a.s., PUDIS a.s., PRAGOPROJEKT a.s., and
GeoTec-GS a.s.

The main objective of an in-depth geological (geotechnical)

survey by way of excavating an exploratory work is to discover
geotechnical properties of individual rock types (rock massif),
including verifying the influence of groundwater (inflows into the
excavation and also the range of impact on groundwater), and to
check the response of the rock massif to the excavation. The result
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jsou piivodné vyvielé a posléze metamorfované horniny jilovského
pasma, druhym proterozoické sedimenty $t€chovické skupiny (bfi-
dlice, prachovce a droby). Horniny jilovského pasma tvoii zejména
metabazalty (metaandezity, metadacity a metaryolity), ojedinéle
tufity (obr. 1). Horniny jsou pievazné navétralé az zdravé, lokalné
v tektonicky porusenych zénach mirné zvétralé. Priblizné do stani-
¢eni TM 1000 je predpokladana razba ve vulkanickych hornindch
jilovského pasma. Pro posledni ¢ast Stoly po prechodu litologické
hranice bude razba probihat v proterozoickych sedimentech flyso-
vého charakteru (bfidlice, prachovce a droby) Stéchovické skupiny.

Zacatkem roku 2026 razba probiha v horninéach jilovského pas-
ma. Jedna se o horniny pevnosti R2 aZ R3. Orientace hlavniho
systému diskontinuit (foliace) je ve vztahu ke sméru razby sko-
ro rovnobézna a sklon této foliace je 80° k vychodu. V nékterych
polohach dochazi ve spojitosti s orientaci diskontinuit a vzhledem
ke sméru razby ke vzniku geologicky podminénych nadvylomu.
Prachovce Stéchovické skupiny predpoklada predchozi stupeini geo-
logického prizkumu navétralé az zdravé. V blizkosti tektonickych
poruch jsou horniny mirné zvétralé, porusené az podrcené. Roz-
hodné 1ze konstatovat, Ze doposud zastizené podminky jsou pro
razbu piiznivé, dosavadni stabilita nezajiSt€éného vyrubu je velmi
dobra.

3. PROFIL STOLY

Zakladni profil $toly je podkovitého tvaru s plochou vyrubu pii-
blizné 13 m? v zédvislosti na pfislusné technologické t¥idé vyrubu.
Profil Stoly je umistén v profilu kaloty budouciho levého tubusu
tunelu, dno Stoly je umisténo priblizné 0,5 m nad dnem kaloty tu-
nelu (obr. 2). V délce Stoly jsou rozmistény vyhybny, které slouzi
také pro realizaci prizkumnych vrti a provedeni presiometric-
kych a dilatometrickych zkousek. Pro zhotovitele razi¢skych pra-
ci prizkumu maji v8ak hlavni vyznam z pohledu realizace razby,
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will be the making of a detailed document for the design of future
motorway tunnels mainly with the expected intent to prepare this
section of the Central Bohemian D3 motorway for realisation by
way of a PPP (Public Privat Partnership) project, where the intent
of the future contract owner (Ministry of Transport on behalf of The
Czech Republic) is to offer the most possible amount of available
information about the encountered geology to interested contractors
with regard to the distribution of risk between concessioners and
contract owners.

The gallery is realised with cyclic conventional excavation
according to the principles of the observation New Austrian
tunnelling method. The expected length of the gallery is 1617m.

During the ceremonial blessing of St. Barbara, the gallery was
baptised Marie after Marie Zdetika Baborova-Cihakovd, who
was the first woman in Bohemia to reach the title of Doctor of
Philosophy. Before attaining this goal, she studied at Minerva, the
first Czech female school. She also focused on botany and zoology.
Mrs. Marie is interred at the nearby cemetery in Jilové u Prahy, the
birthplace of her husband.

2. GEOLOGICAL CONDITIONS

The rock massif of the Kamenna Vrata tunnel is formed by
two basic lithological types, the first being originally igneous and
later metamorphic rock of the Jilové belt, the second one being
Proterozoic sediments of the St&chovice group (shales, siltstones,
and greywackes). The rock of the Jilové belt is formed mainly
by metabasalts (metaandesites, metadacites, and matarhyolites),
rarely tuffites (Fig. 1). Most of the rock is slightly weathered to
fresh, locally in tectonically faulted zones moderately weathered.
Approximately until chainage TM 1000, the excavation is expected
to be in volcanic rock of the Jilové belt. For the last part of the gallery,
after crossing a lithological border, the excavation will take place in

Proterozoic sediments of a flysch

hydraulicky upinané nebo samozavrtné svorniky jehly
hydraulically expanded or self-drilling rock bolts spiles

lutna
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character (shales, siltstones, and
greywackes) of the Stéchovice
group.

At the start of 2026, the
excavation is ongoing in the
rock of the Jilové belt. The rock
has a strength class of R2 to
R3. The orientation of the main
discontinuity set (foliation) is,
in relation to the direction of
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that the conditions encountered
up to now are favourable for the
excavation; the stability of an

Obr. 2 Typicky pFicny Fez prizkumné stoly
Fig. 2 Typical cross-section of the exploratory gallery

unsecured excavation has been
very good so far.
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Obr. 3 Portdlovd jama u kriZovatky silnic 11/104 a 111/1042
Fig. 3 Portal pit by the intersection of roads I1/104 and I11/1042

protoZe vzhledem k velikosti navrZeného profilu je vyhybna jedina
moznost pro vyménu strojii na Celbé, odstaveni strojii a pfipadné
i pro uloZeni materidlu a podobné. Celkem je 11 vyhyben, dvé jsou
velké, oboustranné. S vyjimkou prvni a posledni s délkou 10 m
maji vSechny vyhybny stejnou délku 25 m.

Jednostrannd vyhybna je navrZena s plochou vyrubu pfibliZzné
25,5 m?, oboustrann se pak profilem bliZi profilu kaloty s plochou
50 m?. Ve vétsim profilu se pak také ovéiuje odezva horninového
masivu na razbu vlastniho déalni¢niho tunelu (napf. pomoci konver-
gen¢nich méfeni).

Upadni razba v podélném sklonu budouci délnice je vedena od
budouciho jizniho portdlu tunelu. Severni portal Stoly nebude rea-
lizovan.

4. PORTALOVA JAMA

Portalova jama [1], kterou bylo nutno vyhloubit jesté pred vlast-
nim zahajenim razby prizkumné Stoly, je situovana na louce v bliz-
kosti kiizovatky silnic 1I/104 a III/1042 na zdpadnim okraji mésta
Jilové u Prahy (obr. 3).

Zajisténi portilové stavebni jamy je tvofeno svahovanim (sklo-
ny svaht 1:1,75, 1:1, 3:1), hiebikovanim a stfikanym betonem
C16/20 X0 vyztuzenym dv€ma vrstvami ocelové sit€ @ 6/150 mm
x @ 6/150 mm. V pfistropi Stoly byl navrzen mikropilotovy deStnik
z 25 ks trubek @ 108/8 mm délky 20 m.

Jiz behem zpracovani realizacni dokumentace stavby (RDS)
bylo rozhodnuto provéfit stabilitu stén portdlové jamy dopliiujicim
statickym vypoctem. Vysledkem byl upraveny vétsi sklon svaht
jednotlivych stén, ktery vedl k mirné uspoie vykopu a stfikaného
betonu pouZitého pro zajisténi stén (obr. 4). Béhem hloubeni druhé
etaze byla zastizena vyrazné lepsi geologie, nez predpokladal na-
vrh stavebni ¢4sti prizkumu. Bylo proto nutné zménit rozpojovani
mechanizované na rozpojovani pomoci trhacich praci.

3. GALLERY PROFILE

The default profile of the gallery is horseshoe-shaped with
an approximately 13m? area of excavation, depending on the
appropriate technological excavation class. The gallery profile is
located in the top heading profile of the future left tunnel tube;
the gallery invert is placed roughly 0.5m above the invert of the
tunnel top heading (Fig. 2). Passing bays are distributed along the
gallery, serving also for the execution of exploratory boreholes and
pressiometric and dilatometric tests. Although for the contractor
of excavation work for the exploration, the passing bays have the
main role related to the realisation of excavations, since due to the
size of the designed profile, the passing bay is the only option for
changing machinery at the face, parking machinery, and eventually
even storing materials and similar things. There are 11 passing
bays in total, two being large, double-sided. Excluding the first and
last passing bays with a length of 10m, all the passing bays have
the same length of 25m.

A one-sided passing bay is designed with an area of excavation
of approximately 25.5m?; the double-sided passing bay is then
similar to the top heading profile with an area of 50m?. The larger
profile is also used to check the response of the rock massif to the
excavation of the motorway tunnel itself (e.g., using convergence
measuring).

The downhill drive at a horizontal slope of the future motorway
is led from the future southern portal. The northern portal of the
gallery will not be realised.

4. PORTAL PIT

The portal pit [1], which was necessary to be dug out before the
commencement of exploratory gallery excavations, is situated on
a meadow near the intersection of roads 1I/104 and II1/1042 on the
western outskirts of Jilové u Prahy (Fig. 3).



Obr. 4 Zajisténi stén portdlové jamy stiikanym betonem
Fig. 4 Securing of portal pit walls with sprayed concrete

5. POSTUP RAZBY

Razba [2] byla zahdjena po realizaci jednoduchého zajiSténi

works.
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The securing of the portal pit
consists of sloping (slope inclines
1:1.75, 1:1, 3:1), nailing, and
C16/20 X0 sprayed concrete reinfor-
ced with two layers of @ 6/150mm
x @ 6/150mm steel mesh. A micro-
pile  umbrella  consisting  of
25 108/8mm pipes, 20m in
length, was designed in the crown
of the gallery.

Already, while processing the
Construction implementation docu-
mentation (RDS), it was decided to
verify the stability of portal pit walls
through a supplementary stress
analysis. The result was a slightly
higher incline of the slope of
individual walls, which led to minor
savings in excavation and sprayed
concrete used for the securing of
the walls (Fig. 4). While digging the
second stage, geology significantly
better than what the design for the
construction part of the exploration
expected was discovered. It was

necessary to change from mechanised rock breaking to blasting

pfistropi Stoly 15 ks svornikt IBO 51 délky 6 m z vyhloubené | 5. COURSE OF EXCAVATION

stavebni jamy, které nahradilo pivodni masivnéjsi mikropilotovy
destnik (obr. 5). Zména byla provedena na zdkladé zastiZenych
geotechnickych podminek béhem hloubeni portdlové jamy a také
na zdkladé vynosu a inZenyrskogeo-
logického popisu vrtného jadra z in-
klinometrického vrtu INKOO1, ktery
se nachazi priblizné¢ 5 m od hrany
vykopu, v misté styku portalové
a pravé bocni stény. Pfi zpracovani
RDS byla respektovana projektova
dokumentace pro provedeni stav-
by (PDPS), ktera byla podkladem
pro soutéz. To znamend, Ze pro ty-
picky profil Stoly byly navrZeny tii
technologické tfidy vyrubu — TT Sa
s maximalni délkou zabéru 1,0 m,
TT 4 s délkou zabéru do 1,5 m
a TT 3, kde je maximalni délka z4-
béru 2,5 m. Pro oba typy vyhyben
jsou navrzeny pouze dvé technolo-
gické tridy, ato TT 5a a TT 4. Délka
zabéru zlstava stejna jako u typic-
kého profilu.

Podle predpokladii projektu byla
razba zahdjena v TT 5Sa, ale vzhle-
dem k zastiZené geologii byla prak-
ticky ihned po zahdjeni pretfidéna
do TT 4. Od samého pocatku pro-
bihd razba s minimalni odezvou
horninového masivu. Velikost de-

B L L Obr. 5 Zajisténi pristropi Stoly svorniky IBO 51 pri zahdjeni raZby
formaci primarniho osténi (kon- Fig. 5 Securing the crown of the gallery with IBO 51 rock bolts during
vergencni méfeni) se pohybuje na  excavation commencement

The excavation [2] was initiated after simply securing the crown
of the gallery with 15 IBO 51 rock anchors 6m in length from
the dug-out construction pit, which replaced the original more

robust micropile umbrella (Fig.
5). The change was made on the
basis of encountered geotechnical
conditions while excavating the
portal pit and also on the grounds of
recovery and engineering geology
description of a core bore from the
INKOO1 inclinometric borehole,
which is located approximately Sm
from the edge of the excavation at the
place where the portal wall and right
lateral wall meet. While processing
the RDS, the Design documentation
for construction realisation (PDPS)
was followed due to it being the
basis for the tender. That means
that three technological excavation
classes were designed for a cha-
racteristic gallery profile — TT 5a
with a maximum advance length of
1.0m, TT 4 with an advance length
up to 1.5m, and TT 3, where the
maximum length of an advance
is 2.5m. Only two technological
classes are designed for both types
of passing bays, namely TT 5a and
TT 4. The advance length remains
the same as for the characteristic
profiles.
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Fig. 6 Volvo L50H loader during muck extraction

hranici chyby metody méfeni. Po dohod€ s asistenty spravce stav-
by byla razba nésledné pretiidéna do nejleh¢iho vyztuzeni vyrubu
TT 3.V této technologické tridé probihd razba doposud s vyjimkou
razby ve vyhybnach, pro které je uvazovana jako nejlehc¢i vyztuzo-
vaci tfida TT 4. Rychlost razby typického profilu Stoly v TT 3 se
pohybuje té€sné pod hranici 30 m tydné.

V dalsim pribéhu razby na zakladé ptredchozich stupit geo-
logickych prizkumi a pfedpokladd uvedenych v zaddvaci doku-

mentaci prizkumu, ale i v RDS,
je predpokladano mirné zhorSeni
geotechnickych podminek pro raz-
bu v oblasti litologického prechodu
obou zastiZzenych formaci, a také
v oblasti terénni deprese s mensim
skalnim nadlozim a vétSi mocnosti
pokryvnych tutvari, tvofenych delu-
vidlnimi sedimenty.

6. ZKUSENOSTI Z RAZBY

Jiz od faze podani nabidky bylo
ziejmé, Ze realizovat vykonnou/
rychlou raZzbu v podminkéch profilu
prizkumného dila predstavuje vy-
zvu. Relativné maly profil $toly ne-
umoziuje vyuzit vykonnou strojni
sestavu pro dosaZeni rychlych po-
stupd, limituje i jednotlivé operace,
zejména pak odtéZovani rubaniny
(obr. 6). Stejné tak jsou vétsi naroky
na organizaci praci spojené s vyme-
nou stroju na ¢elbé Stoly.

V malém profilu je nutné také
umistit vedeni cerstvych vétrii na
Celbu. Umisténi lutny je praktic-
ky mozné pouze pfimo ve vrcholu
klenby. Vzhledem k navrZenému
profilu (délka Stoly a trhaci préce) je

manager,

TuNel

According to the expectations of the design, the
excavation commenced in TT 5a, but due to the
encountered geology, it was practically instantly
after starting reclassified as TT 4. From the onset,
the excavation is ongoing with minimal response
from the rock massif. Primary lining deformations
(convergence measuring) are fluctuating on the
boundary of the measuring method error. After
an agreement with assistants of the construction
the excavation was reclassified as
TT 3, the lightest excavation reinforcement. The
excavation has been ongoing up to now in this
technological class, excluding excavations in
passing bays, where the lightest reinforcement
class considered is TT 4. The speed of excavation
of a typical gallery profile in TT 3 fluctuates
closely below the boundary of 30m weekly.

As for the upcoming course of excavation,
a slight deterioration of geotechnical conditions
for the excavation is expected. More precisely
in the area of a lithological transition of both
encountered formations, and also in the area of
a ground depression with smaller rock overburden

and higher thickness of surface deposits formed

Obr. 7 Epiroc Boomer 282 vrtd ¢elbu pro odpal dal$iho zdbéru
Fig. 7 Epiroc Boomer 282 drilling the face for blasting of the
Jfollowing advance

by deluvial sediments, based on previous stages of geological
surveys and assumptions stated in the tender documentation for the
exploration, but also in the RDS.

6. EXPERIENCE FROM EXCAVATIONS

Already since the phase of submitting the bid, it was clear that
realising performance/fast excavation in the conditions of the
exploratory work poses a challenge. The relatively small profile

of the gallery does not enable the
usage of powerful machinery to
reach fast advances; it even limits
individual ~ operations,  mainly
mucking (Fig. 6). Likewise, high
demands are put on the organisation
of work in relation to swapping
machinery on the face of the gallery.

It was also necessary to route
fresh air ducting in the small gallery
up to the face. The placement of the
ventilation duct is practically only
possible in the crown of the gallery.
Regarding the designed profile
(length of the gallery and blasting
works), the ducting is exposed to
the risk of damage from traversing
machinery.

It was also necessary to change
the type of cut while carrying out
blasting works during excavation.
The originally utilised wedge cut
was not easy to execute due to the
dimensions of the gallery and the
length of the booms on the drilling
rig. Therefore, the wedge cut was
changed for excavations in TT 3
to a cylindrical relief cut. This
change enabled the utilisation of the
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vedeni vystaveno nebezpeci posko-
zeni od pojizdé€jicich mechanismad.

V ramci razby bylo také potieba
zménit typ zalomu pii realizaci tr-
hacich praci. Plvodné pouZivany
klinovy zadlom nebylo, vzhledem
k rozmérim Stoly a délce lafet vr-
tactho vozu, snadné realizovat.
Proto pro razbu v TT 3 byl klinovy
zdlom zménén na zdlom vélcovy
odlehcovaci. Tato zména umoznila
vyuzit v pfiznivych podminkach
maximalni moZznou délku zédbéru
2,5 m v dané technologické tiidé
vyrubu.

I kdyz je ziejmé, Ze se jedna
»~pouze™ o prizkumné dilo (Stolu),
dle nézoru jejiho zhotovitele by
bylo vhodnéjsi zvolit vétsi profil
dila, zejména s ohledem na dostup-
nou mechanizaci a zastizené geolo-
gické podminky, nebot maly stroj
znamend niZ8i vykon. Vzhledem
k zastizené geologii, kdy Ize razbu
pfirovnat k realizaci metodou Drill
and Blast, je zfejmé, Ze rychlost je
limitovana zejména operacemi vrtd-
ni a téZeni rubaniny. Vykonné vrtani
je nezbytnou podminkou rychlosti
razby, coz se jednozna¢né prokéazalo pii poruse vrtaciho vozu Epi-
roc Boomer 282 (obr. 7), ktery je prakticky jedinym dostupnym vr-
tacim vozem malych rozméri disponujicim dvéma lafetami. Ale na
stroji pak neni dostupnd ploSina. Redlné 1ze dnes jako novy vrtaci
viz poftidit vétsi stroj Epiroc Boomer S2. Zhotovitel si uvédomuje,
Ze pro potieby ziskdni informaci o horninovém masivu je profil
Stoly dostatecny a zadavatel jednd s péci fadného hospodare. Ale
presto s ohledem na budouci razby je proto ke zvazeni projektan-
tl, zda nevolit véts§i rozméry raZenych profilli priizkumnych dél.
Razba sice neni hlavnim cilem prazkumu, ale zlistavé jeho nezbyt-
nou podminkou. Jako dostatedny profil se jevi minimdlné 25 m?
(obr. 8). To by usnadnilo praci zhotoviteli technické ¢asti prizku-
mu i s ohledem na platnou bariskou legislativu.

Vzhledem k nemozZnosti realizovat piipojku vody pro zafizeni
stavenisté prizkumu bylo tfeba maximalné vyuzit vodu ziskanou
Cerpanim ze Stoly. Pfimo na pracovisti prizkumu je umisténa sou-
stava sedimentacnich jimek, filtrace a nadrze na vodu. Prakticky
vSechna voda vyuzitd pro razbu je tak ziskana recyklaci, ktera je
obcas doplnéna privezenou vodou.

hybné

the passing bay

7. ZADANI SOUTEZE

Jak je uvedeno vySe, jednd se o prizkumné podzemni dilo, kde
na zékladé vypsané soutéze je tedy zhotovitel priizkumu odpovéd-
ny nejen za realizaci geologickych praci, ale i za realizaci stavebni
¢asti pruzkumu (technické prace prizkumu). V ramci prizkum-
nych praci jsou provadény jednak prace samotného geotechnic-
kého prizkumu (geologickd dokumentace Cela vyrubu, provedeni
laboratornich a také terénnich geotechnickych zkousek ve vrtech
z podzemi), ale také i soubor métreni geotechnického monitoringu
razby pruzkumné Stoly. Je tedy ziejmé, Ze ucastnikem tohoto pri-
zkumu (razby prizkumné Stoly) neni Zadna dalsi tfeti strana, tak

Obr. 8 Tunelbagr Wimmer Blue Badger pri obtrhdvdni celby ve vy-

Fig. 8 Wimmer Blue Badger tunnel excavator during face scaling in
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longest 2.5m advance in the given
technological excavation class in
favourable conditions.

Even though it is clear that this is
“only” an exploratory work (gallery),
its contractor has the opinion that it
would be more appropriate to choose
a larger profile, mainly in relation
to the available machinery and
encountered geological conditions,
since a small machine implies
lower performance. Regarding
encountered geology where the
excavation can be compared to the
Drill and Blast method, it is clear
that speed is limited mainly due
to drilling and muck excavation
operations. High-performance dril-
ling is an essential prerequisite for
excavation speed, which clearly
proved to be the case during
a breakdown of the Epiroc Boomer
282 drilling rig (Fig. 7), which is
practically the only available drilling
rig of small dimensions featuring
two booms. However, there is no
platform on it. Realistically, today it
is possible to acquire a new and larger
machine, the Epiroc Boomer S2. The
contractor is aware of the fact that,
for the needs to gather information about the rock massif, the profile
of the gallery is sufficient, and the contract owner is acting with due
diligence. But still, with respect to future excavations, it is worth for
designers to consider whether to choose larger profile dimensions
of excavated exploratory works or not. The excavation is not the
main objective of the exploration, but it still remains a necessary
condition. A profile of at least 25m? appears to be sufficient (Fig 8).
That would make work easier for the contractor of the technical part
of the exploration, even with regard to valid mining legislation.

Due to the impossibility of making a water connection for
exploration site facilities, it was crucial to maximally utilise water
gathered by pumping from the gallery. Placed directly at the
exploration workplace is an array of sedimentary tanks, filtration,
and water reservoirs. Practically all water used for the excavation is
therefore obtained through recycling and occasionally replenished
with delivered water.

7. TENDER COMMISSIONING

As stated above, the work in question is exploratory, where, on
the basis of an announced tender, the exploration contractor is
responsible not only for the realisation of geology work but also for
the realisation of the construction part of the exploration (technical
exploratory work). Among the carried-out work as part of the
exploration is not only the geotechnical survey itself (geological
documenting of the excavation face, carrying out laboratory
and field geotechnical tests in boreholes from the underground),
but also a set of geotechnical monitoring measurements of
the exploratory gallery excavation. It is therefore clear that a
participant of this exploration (exploratory gallery excavation) is
not another third party, as it is commonplace in classic contracts
during the construction of underground works, where geotechnical
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AR .Sl
Obr. 9 Jeden z prvnich odpalii po zahdjeni raZby
Fig. 9 One of the first blasts after starting excavations

jak je obvyklé u klasickych zakazek pfi vystavbé podzemnich dél,
kdy je geotechnicky monitoring provadén podle jiné smlouvy nez
vlastni razba. I kdyZ tym spravce stavby disponuje kolegy, ktefi
maji bohaté zkusenosti v oboru podzemnich dél, tak dle nazoru
autortl ¢lanku by bylo vhodné doplnit, vzhledem k absenci treti
nezavislé stany a na zakladé zkuSenosti ze zahrani¢i, tcastniky
prizkumu o nezavislého experta (obdoba pozice NATM engineer,
ktera je pouZzivana v zahranici). Tento odbornik by mohl asistovat
pfi hledani konsenzu mezi tymem zhotovitele prizkumu a tymem
spravce stavby v pripad€ vzniku neshody.

8. ZAVER

Prizkumna Stola Marie pro budouci dalni¢ni tunel Kamenna
Vrata je prvnim realizovanym priizkumnym dilem na stfedoces-
ké casti dalnice D3, kterd predstavuje vyznamnou spojnici Prahy
a Jiznich Cech a je tak vyznamnym krokem v piipravé uvedeného
useku. V kratkém Case by méla nésledovat i prizkumna dila pro
tunel Luka a tunel Prostfedni Vrch.

Dokonceni razeb a dalSich priizkumnych praci ve Stole Marie je
predpokladano priblizné v poloviné€ roku 2027.
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monitoring is executed on the basis of a different contract than
the excavation itself. Even though the team of the construction
manager has colleagues at their disposal that possess plenty of
experience in the field of underground structures, the opinion
of the authors of this article is that it would be appropriate, in
regard to the absence of a third independent party and on the basis
of experience from abroad, to add an independent expert to the
construction participants (a similar position to an NATM engineer,
which is used abroad). This expert could assist with the search for
a consensus between the team of the exploration contractor and the
team of the construction manager in case of a disagreement.

8. CONCLUSION

The Marie exploratory gallery for the future Kamenna Vrata
motorway tunnel is the first exploratory work realised on the
Central Bohemian section of the D3 motorway, which represents
an important link between Prague and South Bohemia, and it is
therefore a momentous step for the preparation of the presented
section. In a short time, even exploratory works for the Luka tunnel
and the Prostfedni Vrch tunnel should follow.

The completion of excavations and other exploratory work in the
Marie gallery is expected approximately halfway through 2027.
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REKONSTRUKCE DOLNOLUCANSKEHO TUNELU V TRATI
LIBEREC-HARRACHOV )

RECONSTRUCTION OF THE DOLNOLUCANSKY TUNNEL
ON THE LIBEREC-HARRACHOV LINE

PAVEL KACIR, LINDA CERNA VYDROVA

ABSTRAKT

Predmeétem projektu byla kompletni rekonstrukce Dolnolucanského tunelu na tratovém tiseku Liberec—Harrachov. Dolnolucansky tunel
byl vyraZen na konci 19. stoleti klasickou tunelovaci metodou a ke svému uicelu zacal slouZit po zprovoznéni trati v roce 1894. Stabilitu
vyrubu tunelu zajistovala kamennd obezdivka ze Zulovych kvddrii. Rekonstrukce Zeleznicniho svrsku a spodku probéhla jiz v roce 2015
v rdmci investicni stavby ,, Rekonstrukce trati Liberec—Tanvald“. Do tunelu pronikala puklinovd voda, coZ se projevovalo vodnimi priisaky
a vyluhovdnim spdr tunelového zdiva, coZ zejména v zimnim obdobi lokdlné narusovalo stabilitu jednotlivych blokii obezdivky. Tvorba
rampouchii a ledopddit ohroZovala bezpecnost provozu. Statickd funkce piivodni klenby tunelu vSak ziistala pres popsané zdvady zachovd-
na. Voda prosakujici do puklin masivu ve skalnich zdrezech pred portdly a mrazové cykly destabilizovaly bloky horniny, které bylo jiZ drive
nutné zajistit vysokopevnostnimi sitémi a horninovymi svorniky. Tunel nevyhovoval aktudlnim poZadavkiim na prostorovou priichodnost
a bezpecnost provozu. V ramci rekonstrukce tunelu tak doslo k demolici stdvajicich portdlovych objektii tunelu a celé tunelové obezdivky,
ke zvétSeni vyrubu tunelu tak, aby odpovidal normovym poZadavkiim a v principu k vystavbé nové tunelové trouby.

ABSTRACT

The subject of the project was a complete reconstruction of the Dolnolucansky tunnel on the railway section Liberec—Harrachov.
The Dolnolucansky tunnel was excavated at the end of the 19" century using a classic tunnelling method, and it started to serve its
purpose dfter the line was opened in 1894. The stability of the excavation of the tunnel was secured by stone lining made of granite
blocks. The reconstruction of the railway superstructure and substructure was carried out already in 2015 as part of an investment called
“Reconstruction of the Liberec—Tanvald line”. Fissure water penetrated the tunnel, manifesting as water seepage and the leaching of
tunnel masonry joints, which locally disrupted the stability of individual masonry blocks, especially in the winter. The formation of icicles
and icefalls jeopardised the safety of operations. Despite the described failures, the structural function of the original tunnel vault was
preserved. Water seeping into fissures of the massif in rock cuts in front of the portals and freezing cycles destabilised rock blocks that had
already been secured earlier with high-strength nets and rock bolts. The tunnel did not meet current requirements for spatial clearance
and operational safety. For that reason, the reconstruction included the demolition of current portal objects of the tunnel and the entire
tunnel lining, with the enlargement of the excavation of the tunnel then taking place, such that it would meet normative requirements, and
in principle, a new tunnel tube was constructed.

HISTORIE TUNELU A STAV PRED REKONSTRUKCI

Dolnolucansky tunel leZi na jednokolejné Zelezni¢ni trati z Jab-
lonce nad Nisou do Tanvaldu v useku mezi stanicemi Jablonec-

HISTORY OF THE TUNNEL AND THE STATE BEFORE
RECONSTRUCTION

The Dolnolucansky tunnel is situated on a single-track railway
line from Jablonec nad Nisou to Tanvald in a section between
stations Jablonecké Paseky and Lucany nad Nisou. It was built on
the hillside of the Stolni vrch and lies at 590m above sea level. The
line was put into operation in 1894 as part of the Liberec—Tanvald—
Harrachov railway link, and it served to connect Austria-Hungary
with Prussia. No historic documents regarding the construction of
the tunnel survived, and the utilised tunnelling method is not known.
Although it can be assumed that a similar method of construction
was used as for other tunnels on this line in similar geotechnical
conditions. The 82.3m long single-track tunnel was excavated

ké Paseky a LuCany nad Nisou. Byl postaven ve svahu Stolniho
vrchu a leZi v nadmoiské vySce 590 m n. m. Trat byla uvedena
do provozu v roce 1894 jako soucast Zelezni¢niho spojeni Libe-
rec—Tanvald—Harrachov a slouzila k propojeni Rakousko-Uherska
s Pruskem. K vlastnimu provadéni tunelu se nedochovaly zadné
historické dokumenty, neni zndma pouzitd tunelovaci metoda. Lze
vsak predpokladat, Ze byl pouZit obdobny postup vystavby, jako
u dalSich tunell na této trati v obdobnych geotechnickych podmin-
kach. Jednokolejny tunel délky 82,3 m byl vyraZen v horninovém

masivu tvofeném libereckou Zulou. Tunelova trouba byla v celé
délce zajisténa obezdivkou ze Zulovych kvadri. Zvodnéni hornino-
vého masivu zavisi, vzhledem k malé vysce nadloZi, na klimatic-
kych podminkach. Puklinova voda prosakujici do tunelu zptsobila
vyluhovani a vypadavani vyplné spar tunelového zdiva, coz lokalné
narusovalo stabilitu jednotlivych blokl obezdivky.

V portalovych tunelovych pasech ¢. P1 a ¢. P2 byly v klenbé
zastizeny vyrazné pricné trhliny §itky az 30 mm. Hydroizola¢ni
systém se ukézal jako zcela nefunkcni a pfitoky vody do tunelu
mély podle intenzity srdZek na povrchu tzemi aZ charakter desté.

in a rock massif formed by Liberec granite. The tunnel tube was
secured along its entire length by a lining made of granite blocks.
Water saturation of the rock massif depends, in relation to the small
overburden height, on climatic conditions. Fissure water seeping
into the tunnel caused the leeching and falling out of joint filling
material of the tunnel masonry, locally disrupting the stability of
individual lining blocks.

In the portal tunnel strips No. P1 and No. P2, noticeable transverse
cracks up to 30mm in width were encountered. The waterproofing
system proved to be non-functional, and water inflows into the



35. rocnik - €. 2/2026

Zula kvadra tvoficich tunelovou obezdivku se v portalovych pa-
sech v disledku zvétravani postupné rozpadala. Obdobné zava-
dy, jako masivni prisaky a vypadavani vypln€ spar vykazovaly
obecné i tunelové pasy uvnitf tunelu. V zimnich mésicich tak
dochazelo v tunelu k tvorbé rampouchti a ledopadi se zaledné-
nim koleje. Pfed zahijenim provozu v zimnich mésicich musely
byt rampouchy a ledopady velmi Casto odstraniovany. Z hlediska
statické funkce byla vSak ptivodni kamennd klenba tunelu i pres
popsané zavady stabilni, vypadavani jednotlivych blokid osténi
s ndslednym ficenim klenby nehrozilo, jako celek nebyla staticka
funkce obezdivky naruSena.

I pfes zajisténi svahi skalnich zarezl pred obéma portaly vyso-
kopevnostnimi sit€émi a svorniky dochazelo ke splavovani drobngj-
$ich lomku degradované horniny k paté svahd. Tunel nevyhovoval
pozadavkiim na prostorovou prichodnost, Sitku tnikovych cest
a nouzové vyklenky neodpovidaly vzdalenosti ani rozméry po-
Zadavkim normy. Pfedmétem rekonstrukce trati Liberec—Tanvald
v roce 2015 byla rekonstrukce Zelezni¢niho svrSku a spodku, v tu-
nelu byla po sejmuti svr§ku obnovena pouze stiedni tunelova sto-
ka. V tunelu a v prilehlych dsecich byl pouzit Zeleznic¢ni svrsek na
betonovych praZcich B91S/2 s pruznym upevnénim s kolejnicemi
49E1 R350HT v bezstykové tpravé. Kolejové loZe je Stérkové.
Dolnolu¢anskym tunelem vede metalicky kabel 3P1 od spoustéci-
ho obvodu pocitace naprav pro tfi piejezdy v km 18,885 (P5533);
18,982 (P5534) a 19,219 (P5535) a vazebni metalicky kabel 24P1
mezi piejezdy v km 16,368 (P5531) a 18,885 (P5533). Dale tune-
lem vede kabelova trasa tratového kabelu TK 10XNO,8 a dalkovy
opticky kabel DOK s 36 vlakny. Uprava geometrické polohy koleje
byla navrZena pro prijezdny prutrez J-GC Z3.

GEOTECHNICKE PODMINKY

Dolnolucansky tunel je situovan v zapadni ¢asti krkonoSsko-ji-
zerského Zulového masivu. Zulovy masiv je petrograficky homo-
genni, sloZeny pievazné z hrub& a7 stfedné zrnitych Zul. Zulovy
masiv krkonossko-jizerského krystalinika je porusen mnoha plo-
chami nespojitosti. V dlsledku zvétravacich procesu se Zuly roz-
klddaji na pise¢né eluvium. Hloubka z6ny zasaZené zvétravanim
je v dasledku mnoZstvi pritomnych poruch proménna. Zvétravaci
proces postupuje pies prubéznou puklinu ¢i poruchu rychleji a do
znacnych hloubek. Stupeil naruseni horniny tak mtze byt vysoky.
Bloky zdravé horniny se ve sténdch skalnich zafezl pred portaly
vyskytuji jen zfidka, prevlada zejména hornina zvétrald a navétrala,
misty povrchové zcela rozloZena po celé vysce stén.

Z hydrogeologického hlediska zdjmové tzemi nevynikd vyso-
kym objemem podzemnich vod. VEtsi vyskyt podzemni vody lze
zaznamenat hlavné béhem obdobi bohatém na srazky, kdy voda
proudi systémem poruch a puklin s mélkym obé¢hem podzemni
vody.

Dolnolucansky tunel byl vyrazen v granitu (libereckd Zula),
ktery vykazuje variabilni stupen naruseni a zvétravani jak ve ver-
tikalnim, tak horizontalnim sméru. Skalni masiv je budovan pre-
vazné intenzivné rozpukanymi hrubozrnnymi granity. Obezdivku
tvori opracované zulové kvadry o tloustce 0,3-0,6 m. Skalni vy-
rub se ve vrcholu klenby nachazi ve vzdalenosti 0,6 az 0,9 m od
lice osténi. Zakladka je tvorena ostrohrannymi ulomky navétralé-
ho granitu ziskaného pfi razb€ tunelu s pevnosti odpovidajici tridé
R2. Na zdkladé endoskopického vySetteni prostoru za obezdivkou,
provadéného otvory po jadrovych vrtech, byla zastiZzena volné lo-
Zené zakladka bez zjevné aktivace klenby. Horninovy masiv tvori
prevazné horniny pevnostni tiidy R4 a R3, méné pak byly zjiStény
i polohy s pevnosti R2. V rdmci horninového masivu bylo zjisténo

Tuel

tunnel had the characteristics of rain in correlation to the intensity of
precipitation on the surface. Granite blocks in the portal strips that
form the tunnel lining gradually disintegrated due to weathering.
Similar faults to massive seepage and joint filling material falling
out were generally present even in tunnel strips inside the tunnel.
Therefore, in the winter months, the formation of icicles and icefalls
occurred alongside the icing of the track. The icicles and icefalls
had to be removed very often before commencing operations in the
winter months. However, from a structural functionality perspective,
the original stone lining of the tunnel was stable, regardless of the
described defects. The falling of individual lining blocks with
subsequent vault collapse did not occur and the structural function
of the lining was not disrupted.

Despite the securing of rock cut slopes in front of both portals
by way of high-strength nets and rock bolts, smaller fragments
of degraded rock washed off towards the base of the slopes. The
tunnel did not meet the requirements for a spatial envelope and the
width of escape routes, and emergency niches did not correspond
to normative requirements, both in spacing and dimensions. The
subject matter of the Liberec—Tanvald route reconstruction in 2015
was the reconstruction of the railway superstructure and substructure,
while only the middle tunnel sewer was restored after removing
the railway superstructure. In the tunnel and adjacent sections,
the railway superstructure on B91S/2 concrete sleepers was used,
with elastic clip fastening and 49E1 R350HT continuously welded
rails. The ballast bed is gravel. A 3P1 metal cable leads through
the Dolnolucansky tunnel from the initiation circuit computer for
three crossings at km 18.885 (P5533); 18.982 (P5534), and 19.219
(P5535), and a 24P1 coupling metal cable between crossings at km
16.368 (P5531) and 18.885 (P5533). Then, a TK 10XNO,8 track
cable and a DOK long-distance optical cable with 36 fibres are
routed through the tunnel. The adjustment of track geometrical
position was designed for the J-GC Z3 kinematic envelope.

GEOTECHNICAL CONDITIONS

The Dolnoluc¢ansky tunnel is situated in the western part of
the “krkono$sko-jizersky” granite massif. The granite massif is
petrographically homogeneous, consisting mainly of coarsely to
medium-grained granites. The granite massif of the “krkono$sko-
jizersky” crystalline complex is disrupted by many discontinuity
planes. As a result of weathering processes, the granites decay
into sandy eluvium. The depth of the zone affected by weathering
varies due to the number of present faults. The weathering process
progresses across continuous fissures or faults faster and into
significant depths. The degree of rock disturbance can therefore be
high. Healthy rock blocks can be found in the walls of the rock cuts
in front of the portals only rarely; primarily moderately to slightly
weathered rock prevails, locally completely decayed on the surface
along the entire height of the walls.

From a hydrogeological standpoint, the area of interest does
not stand out in terms of a high volume of groundwater. A larger
presence of groundwater can be noticed mainly during periods rich
in precipitation, when water flows through a system of faults and
fissures with a shallow circulation of groundwater.

The Dolnolucansky tunnel was excavated in granites (Liberec
granite) that show variable levels of disturbance and weathering not
only in the vertical, but also in the horizontal direction. The rock
massif consists mostly of intensively cracked coarse-grained granites.
The lining is made of shaped granite blocks with a thickness of
0.3-0.6m. The rock excavation at the top of the vault is located 0.6 to
0.9m away from the front side of the lining. The backfilling consists
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stfidani kvality horniny v subvertikalnich
»pasech” se skokovymi zménami pevnosti
a miry zvétrani. Tato prognéza realiza¢ni
dokumentace se v priibéhu rozsifovani vy-
rubu tunelu potvrdila.

PROJEKT REKONSTRUKCE TUNELU

Pivodni délka raZeného tunelu byla
82,5 m vcetné dvou kratkych portalovych
usekd, které slouzily k zamezeni padu
uvolnénych kamend z portalovych svahi
primo do kolejisté€. V ramci rekonstruk-
ce [1] byl profil tunelu zvétSen, tunel byl
prodlouzen ze stavajicich 82,5 m na 90 m.
Sekundarni osténi tak tvoii devét bloki be-
tonaze délky 10 m. Bloky jsou o¢islovany
v souladu se smérnici SZ-S6, tedy P1, 1-7
a P2. Vsechny tunelové bloky jsou zaloZe-
ny na zakladovych pasech. Podélny sklon
tunelu sleduje sklon koleje, kterd ve sméru
stani¢eni stoupd ve sklonu 26,526 %o. Tu-
nel se nachédzi v prfimém useku bez smé-
rovych obloukt. Nové portély jsou oblozené piirodnim kamenem
a zapadaji do rdzu krajiny.

Pred zapocetim praci na vlastnim tunelu doslo k sneseni kolejo-
vych poli, odtéZeni Stérkového loZe Zelezni¢niho svrSku a byla pro-
vedena ochrana zemni pldné. Realizace feSila nutnou dpravu tvaru
skalnich zarezti v oblasti portdla tunelu. V ramci rekonstrukce tunelu
byl Caste¢né demontovan stavajici systém zajisténi skalnich svahi
(vysokopevnostni sité, gabionovd zed apod.) a skalni svahy byly
s minimdlnim zasahem rozsifeny, takZe vznikl dostatecny prostor

Obr. 2 Prdce na zvétSovdni vyrubu tunelu
Fig. 2 Work on the enlargement of the tunnel excavation

hﬁ- S o -

Obr. 1 Prubéh odtéZovdni zvétralé horniny ve skalnim svahu
Fig. 1 Progress of weathered rock excavation in the rock slope
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of sharp-edged shards of slightly weathered granites obtained during
the excavation of the tunnel, and with a strength corresponding to
the R2 strength class. On the basis of an endoscopic examination
of the space behind the lining, executed through openings left after
core bores, a freely placed backfill without clear activation of the
vault was encountered. The rock massif is formed mostly by rock
of strength classes R4 and R3, with attitudes of R2 strength classes
being encountered less frequently. An alternation of rock quality in
subvertical “bands” with sudden changes in strength and level of
weathering was discovered within the rock massif. This prognosis
of the implementation documentation proved to be true during the
enlargement of the tunnel excavation.

TUNNEL RECONSTRUCTION PROJECT

The original length of the excavated tunnel was 82.5m, including
two short portal sections that were used to stop rocks in the portal
slopes that dislodged from falling directly onto the rail. The tunnel
profile was enlarged as part of the reconstruction [1], and its length
was increased from the existing 82.5m to 90m. The secondary lining
is therefore formed by 9 concreting blocks, each 10m in length. The
blocks are numbered in accordance with the SZ-S6 directive, so P1,
1-7, and P2. All tunnel blocks are founded on a strip foundation.
The longitudinal slope of the tunnel follows the slope of the track
that ascends at 26.526%o in the direction of rising chainage. The
tunnel is located in a straight section without horizontal curves.
New portals are covered with natural rock and fit into the natural
landscape.

Before commencing work on the tunnel itself, the track bed
was brought down, the ballast bed from the railway superstructure
extracted, and protection of the formation level carried out. The
projectaddressed the shape of rock cuts around portal tunnels. As part
of the tunnel reconstruction, the current system for slope securing
was partially disassembled (high-strength nets, gabion wall, etc.),
and the rock cuts were enlarged with minimal intervention, thus
providing a large enough space for the construction of cut-and-cover
tunnel sections into a false primary lining at a length of ca. 4.5m at
both portals. This rock cut enlargement enabled the placing of shafts
for the cleaning of drains and drainage piping. The temporarily
disassembled nets were activated again after concluding earthwork
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pro vystavbu hloubenych tsekt tunelu do
faleSného primarniho osténi v délce cca
4,5 m na obou portalech. Toto rozsifeni
skalnich svahli umozZnilo umisténi Sachet
na Cisténi drenaze a drendzniho potrubi.
Docasné demontované sité¢ byly po skon-
Ceni vykopovych praci a obtrhani svaht
opét aktivovany pomoci horninovych svor-
nikl a lanovych kotev a tvoii trvalé zajis-
téni nového tvaru skalnich svaht (obr. 1).

Tunel byl reprofilovan pro tunelovy pra-
jezdny prifez (TPP) dle CSN 73 7508 bez
elektriza¢niho nastavce, v¢. kinematického
obrysu pro vozidla GC dle CSN 73 6320
a pojistného prostoru 300 mm dle
CSN 73 7508 [1]. Sitka oboustrannych
chodnikd odpovidd pozadavkim evrop-
ského predpisu TSI SRT.

Podle zastiZenych geotechnickych pod-
minek bylo pro rozsifeni profilu pouzito
jak mechanické rozpojovani, tak prevaz-
né rozpojovani za pouZiti trhacich praci
(obr. 2). Zajisténi vyrubu v razeném useku tunelu primarnim osté-
nim bylo ze stitkaného betonu C20/25-X0 tloustky 150 a 200 mm,
prihradové vyztuze BTX a svafované sité. Osténi bylo kotveno SN
svorniky a pfedpoli vyrubu v pfiportalovych ¢astech IBO svorni-
ky (obr. 3). Jako rubové bednéni monolitického osténi hloubenych
useki bylo, s ohledem na stisnéné poméry na obou portalech, pou-
zito falesné primarni osténi. Bylo realizovano rozsiteni pro tfi jed-
nostranné zdchranné vyklenky vlevo a jeden vstficny oboustranny
zachranny vyklenek.

Obr. 4 Izolace tunelu proti vodé
Fig. 4 Tunnel waterproofing

Obr. 3 Vrtdni IBO svornikit v pFiportdlovém tiseku
Fig. 3 Drilling IBO anchors in the portal section

and scaling of the slopes using rock nails and cable anchors, and
they form the permanent securing of the newly shaped rock slopes
(Fig. 1).

The tunnel was reprofiled for a tunnel clearance envelope (TPP)
according to CSN 73 7508 without an electrification attachment,
incl. a kinematic envelope for GC vehicles as per CSN 73 6320 and
a safety space of 300mm according to CSN 73 7508 [1]. The width
of double-sided pavements correlates with the requirements of the
TSI SRT European regulation.

Based on encountered geotechnical conditions, the enlargement of
the profile was executed not only using machine breaking but mostly
using breaking by means of blasting works (Fig. 2). Excavation in
the mined section of the tunnel was secured by primary lining made
of C20/25-X0 concrete with a thickness of 150 and 200mm, lattice
girders, and welded mesh. The lining was anchored with SN rock
bolts and the excavation frontal zone in portal sections with IBO
rock bolts (Fig. 3). Due to cramped conditions in cut-and-cover
sections at both portals, false primary lining was utilised as reverse
side formwork for monolithic lining. Enlargements for three single-
sided rescue niches on the left and one useful double-sided rescue
niche were carried out.

The enlargement of the tunnel excavation was executed downhill
from the eastern to the western portal. The direction of excavation was
led against the direction of chainage from Tanvald towards Liberec.
The course of work was selected with regard to the possibility
of placing construction site facilities and access roads. Since the
original tunnel was passable between both portals over the duration
of the reconstruction, it was not necessary to take into consideration
measures to secure ventilation throughout construction.

TUNNEL STRUCTURAL SOLUTION CONCEPTION

Waterproofing of the tunnel lining was carried out with an
umbrella system of film waterproofing fastened to the primary lining
in the excavated section of the tunnel (Fig. 4). Portal concreting
blocks P1 and P2 were dealt with using monolithic reinforced
concrete lining made of frost-proof hydraulic-construction
concrete with corresponding requirements for crack width. Within
the reconstruction of the tunnel, new DN 250 piping was placed
for the drainage of the ballast bed, with the primary function of



TuNel

Zvétsovani vyrubu tunelu bylo pro-
vadéno upadné od vychodniho k za-
padnimu portélu. Smér razby vedl proti
sméru staniceni traté¢ od Tanvaldu smé-
rem k Liberci. Postup praci byl zvo-
len s ohledem na moZnosti umisténi
zafizeni stavenisSté a pristupové cesty.
Vzhledem k tomu, Ze stavajici tunel
byl béhem rekonstrukce prichozi ¢i
prijezdny mezi obéma portély, nebylo
nutné uvazovat s opatfenimi pro vétra-
ni béhem vystavby.

KONCEPCE KONSTRUKCNIHO
RESENI TUNELU

Hydroizolace osténi tunelu byla pro-
vedena deStnikovym systémem féliové
hydroizolace upevnéné na primarnim
osténi razeného tuseku tunelu (obr. 4).
Portalové bloky betondZze P1 a P2 byly
feSeny monolitickym Zelezobetono-
vym osténim z mrazuvzdorného vo-
dostavebného betonu s odpovidajicimi
pozadavky na S§itku trhlin. V ramci re-
konstrukce tunelu byla poloZena nova
stfedni tunelovd drendZ DN 250 pro
odvodnéni Stérkového loZe, jejiZ pri-
mérni funkei je prevadét vodu z vyse
poloZeného portalu. Cisténi stfedni
drenaze je umoznéno ze Sachet na CiSténi bocni tunelové drenaze.
Dale byly za sekundarnim osténim zfizeny boc¢ni tunelové drendze
DN 200, které odvodiiuji prostor vyrubu v celé jeho délce. Boc-
ni a stfedova drendZ je pred niZe poloZenym portdlem propojena
a voda je svedena do odvodinovaciho systému Zeleznice v predpor-
talovém zéarezu. Pro ¢isténi bocni tunelové drendZe jsou v prostoru
oboustrannych zdchrannych vyklenkd a pfed ob&éma portaly ziize-
ny Sachty. Jejich vzdélenost tak neptfesahuje 50 m.

V celé délce tunelu je navrZzeno vyztuZené sekundarni osténi
(obr. 5). Konstruk¢éné neni propojena vyztuz patek osténi a horni
klenby tunelu, coZ zjednoduSuje zejména provadéni drendzniho
systému a sniZuje riziko poskozeni mezilehlé hydroizolacni folie.
Prvni a posledni blok betondZe sekundarniho osténi (portdlové
pasy P1 a P2) byl proveden z betonu odolného proti prasakiim,
nebot portilové tunelové pasy nejsou izolované hydroizolacni folii.

Soucasti stavebni ¢asti tunelu je i jeho vnitini vybaveni. K nému
patfi zachranné tunelové vyklenky, vyklenky pro ¢iSténi bocnich
drendZi, po obou strandch tunelu nové kabelovody vcetné Sachet
a jejich poklopi, nouzové osvétleni tunelu, chodniky a bezpecnost-
ni znaceni v tunelu.

V trase Zeleznice jsou vedeny dva zabezpecovaci kabely. Ty byly
po dobu vystavby pferuseny, stazeny a ochranény. Na konci rekon-
strukce byly kabely opét naspojkovany, zpétné natazeny ve shodné
trase s ptvodnim stavem a byla provéfena jejich funkcnost. Tu-
nelem prochdzi kabelovd trasa nové zfizenym kabelovodem, tvo-
fenym zabetonovanym multikandlem. Do kabelovodu usti z trasy
pred tunelem korugované plastové chranicky.

Paralelné s vedenim kabell zabezpeCovaciho zafizeni byly ve-
deny dalkové metalické kabely a opticky kabel DOK s 36 vlakny.
Dalkovy metalicky kabel byl feSen shodné jako kabely zabezpe-
¢ovaci. Nové instalované nouzové osvétleni tunelu bylo napojeno
na kabel DDTS. Délkovy opticky kabel byl docasné preloZzen po
dobu rekonstrukce tunelu, a to vyvedenim z tunelu a uloZzenim do

Obr. 5 Armovdni monolitické klenby sekunddrniho osténi
Fig. 5 Reinforcing the secondary lining of the monolithic vault
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carrying water from the upper portal.
The cleaning of the middle drainage is
enabled through shafts for the cleaning
of the lateral tunnel drainage. Then,
DN 200 tunnel drainages that drain the
excavation area along its entire length
were set up behind the secondary
lining. Lateral and middle drainage
connect prior to the lower portal, and
water is led into a railway drainage
system in a cut in front of the portal.
Shafts for cleaning the lateral tunnel
drainages are constructed at both
double-sided rescue niches and before
both portals. Therefore, their spacing
does not exceed 50m.

secondary lining 1is
designed throughout the entire length of
the tunnel (Fig. 5). The reinforcement
of lining foundations and upper tunnel
vault is not structurally connected,
which  primarily  simplifies  the
construction of the drainage system
and decreases the risk of damage to
the intermediate waterproofing film.
The first and last secondary lining
concreting block (P1 and P2 portal
strips) was carried out with concrete
resistant to seepage, since the portal
tunnel strips are not insulated with waterproofing film.

The construction of the tunnel also includes its interior equipment.
That includes rescue tunnel niches, niches for cleaning of lateral
drainages, new cable ducts on both sides of the tunnel, as well as
shafts and their covers, emergency tunnel lighting, pavements, and
safety signage in the tunnel.

Two interlocking system cables are led along the railway route.
Those were cut off, brought down, and protected throughout
construction. At the end of the reconstruction, the cables were
once again connected, routed in their original place, and their
functionality was verified. The cables pass through the tunnel inside
a newly established cable duct formed by a concrete multi-channel.
Corrugated protective plastic leads into the cable duct from the
route before the tunnel.

Routed parallel to the cables for the interlocking system were
long-distance metal cables and a DOK optical cable with 36 fibres.
The long-distance metal cable was arranged the same way as the
interlocking system cables. Newly installed emergency tunnel
lighting was connected to a DDTS cable. The long-range optical
cable was temporarily rerouted for the duration of the reconstruction
by taking it out of the tunnel and placing it in a trench above the
tunnel. The final route of the optical cable leads to the tunnel along
the same route as before the reconstruction, and then, in the tunnel,
it is routed through the newly placed cable duct. According to the
requirements of CD-Telematika, two more reserve protective tubes
made of HDPE were placed within the tunnel cable duct.

Reinforced

COURSE OF TUNNEL CONSTRUCTION

A traffic closure on the line was planned from 15/04/2025 until
26/09/2025, and it was necessary to bring down rails and even the
ballast bed for the realisation of construction works. According to the
conditions of the contract owner, it was crucial to store the railway
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vykopu nad tunelem. Kone¢na trasa optického kabelu vede k tunelu
v trase shodné s trasou pred rekonstrukci, v tunelu pak v nové po-
loZeném kabelovodu. Dle poZadavku CD-Telematika byly v rdm-
ci tunelového kabelovodu poloZeny i dalsi dvé rezervni ochranné
HDPE trubky.

PRUBEH VYSTAVBY TUNELU

Vyluka na trati byla planovand od 15. 4. 2025 do 26. 9. 2025
a pro realizaci stavebnich praci bylo nutné snést koleje i Stérkové
kolejové loze. Podle podminek objednatele bylo nutné svrsek i ko-
lejova pole obnovena v pritbéhu rekonstrukce v roce 2015 ulozit na
mezideponii a po vystavbé tunelu opét vratit zpét na trat.

Prace na rekonstrukci Dolnolu¢anského tunelu se rozbéhly po
zahdjeni tplné kolejové vyluky v dubnu 2025. Byla provedena pre-
lozka sdélovacich kabeld a staZeny zabezpecovaci kabely, snesen
kolejovy svrsek, vytéZena cCast Stérkového loZe a nasledné byly
zahdjeny prace na prvnim ze dvou nahrazovanych propustkd pod
Zelezni¢nim télesem za vjezdovym portidlem. Dale bylo provedeno
oCisténi skalnich svahd v projektovaném rozsahu a rozsifeni pfi-
portalovych tsekd s demontazi historickych portali tak, aby vznikl
prostor pro zfizeni faleSného primarniho osténi portdlovych tune-
lovych past P1 a P2.

Zajmova lokalita je piistupna pouze od Tanvaldského portalu po
uzké nezpevnéné cesté vedouci k dnes jiZ neexistujicimu drazni-
mu domku. Pristupnost pouze od jednoho portalu vyrazné kompli-
kovala moznost provadéni praci a technologicky postup vystavby
1navaznosti jejich jednotlivych etap. Provddéni komplikovala i vel-
mi omezend plocha v okoli portali tunelu situovanych v hlubokych
skalnich zafezech. Z téchto diivodi musela byt zfizena mezidepo-
nie rubaniny a skladka materidlu na pozemku obce, nepouzivanych
plochach v blizkosti Zelezni¢ni stanice v LuCanech a na soukro-
mych pozemcich v intravildnu obce mimo staveniSté.

V poloving kvétna byla zahdjena razba zvétSeného profilu tunelu,
probihajici v nepretrzitém provozu cca jeden mésic. Rozsah volnych
prostor a zakladky za kamennym osténim avizovany v prizkum-
nych vrtech se ne zcela potvrdil.

superstructure and track bed restored during the reconstruction in
2015 at an interim storage site and after constructing the tunnel to
return it to the railway line.

Work on the reconstruction of the Dolnolucansky tunnel got
underway after commencing a full-scale track closure in April of
2025. A diversion of communication cables was executed, and
interlocking system cables were removed, on top of bringing down
the railway superstructure and digging up a section of the ballast bed.
Subsequently, work started on one of the two culverts to be replaced
underneath the railway structure behind the entrance portal. Then,
rock slopes were cleaned to the designed extent, and portal sections
were enlarged along with the disassembly of historic portals, such
that space would be made to construct the false primary lining of
portal tunnel strips P1 and P2.

The area of interest is accessible only from the Tanvald portal
along a narrow, unsecured path leading to a no longer existing
signal house. Accessibility only from one portal significantly
complicated options for executing tasks, the technological approach
to construction, and even the continuity of its individual phases.
The construction was also complicated by a very constricted area
around the tunnel portals situated in deep rock cuts. Due to these
reasons, muck and material interim storage had to be established
on municipal land, unused areas near the railway station in Lucany,
and on private land in the built-up area of the town away from the
construction site.

Excavation of the enlarged tunnel profile was initiated halfway
through May, and it went on around-the-clock for ca. one month. The
extent of empty spaces and backfill behind the rock lining predicted
by exploratory bores was not entirely confirmed. After removing the
current lining in a couple of metres after the portal in the rock of an
R4 strength class, the blasting works prepared in advance became
a reality practically throughout the entire length of the tunnel. The
quality of the rock massif improved with increasing distance from the
portal, and rock strength already fluctuated at the boundary of classes
R3 and R2. Therefore, enlarging the tunnel profile only using an

V predstihu pfipravené trhaci pra-
ce se po odstranéni stivajici obe-
zdivky v prvnich priportdlovych
metrech v hornin€ pevnostni tfidy
R4 staly nédsledné realitou v pod-
staté v celé délce tunelu. Kvalita
horninového masivu se ve veétsi
vzdalenosti od portalu zlepSovala
a pevnost horniny se jiz pohybo-
vala na rozhrani pevnostnich tfid
R3 az R2. Rozsifovéni profilu tu-
nelu pouze strojné bagrem bylo
proto témér nemozné a zcela ne-
efektivni. Pfiportdlové tuseky byly
pro zajisténi stability vyrubu po
obvodu piistropi v pfedstihu opat-
feny deStnikem z ocelovych jehel
délky 6 m z Zebirkové betonarské
oceli praiméru @ 32 mm. V obou
technologickych tfidach, které
byly v trase raZené Casti tunely
navrzené, byly pouZity radialni
SN svorniky @ 25 mm délky 3 m

osazované do vrti s cementovou

Obr. 6 Predmontd? segi i tu

zélivkou.

lové formy
Fig. 6 Pre-assembly of tunnel form segments
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Obr. 7 MontdZ formy v omezeném prostoru pied portdlem
Fig. 7 Formwork assembly in a limited space in front of the portal

. Fl

Obr. 8 Zdkladové pasy sekunddrniho osténi
Fig. 8 Strip foundations of the secondary lining

Technologicka tfida vyrubu TTV3 s primarnim osténim ze stii-
kaného betonu C25/25/X0 tloustky 150 mm byla vyztuZena pii-
hradovymi rdamy BTX s vy$kou 93 mm tvofenymi tfemi pruty
z betonérské vyztuze praméra 25/18/18 mm s masli z pruti o pra-
méru 10 mm instalovanych s rozte¢i 2 m a jednou vrstvou svatrova-
nych siti 6/150x6/150.

Technologickad tfida vyrubu TTV4 s primdrnim osténim ze stii-
kaného betonu C25/25/X0 tloustky 200 mm byla vyztuZena pii-
hradovymi ramy BTX s vySkou 116 mm tvofenymi tfemi pruty
z betonaf'ské vyztuze praméra 25/16/16 mm s masli z prutt o pri-
méru 10 mm instalovanych s roztec¢i 1,5 m a dvéma vrstvami sva-
fovanych siti 6/150x6/150.

Technologickou tfidu TTV4-MP uréenou pro zahdjeni razby
na portalech v pristropi navic posilovalo 21 ks ocelovych jehel délky
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excavator was nearly impossible and
entirely ineffective. The excavation
stability in portal sections was secured
in advance along the circumference
of the vault with an umbrella from
steel spiles 6m in length, consisting
of rebar with a diameter of @ 32mm.
Three-metre-long @ 25mm radial
SN rock bolts placed into boreholes
with grout slurry were utilised in
both technological classes that were
designed in the excavated section of
the tunnel.

The TTV3 excavation techno-
logical class with 150mm thick
C25/25/X0 sprayed concrete primary
lining was reinforced by 93mm high
BTX lattice girders installed every
2m that consisted of three rebars
with diameters of 25/18/18mm and
a ribbon made of 10mm diameter
rods and one layer of 6/150x6/150
welded mesh.

The TTV4 excavation techno-
logical class with 200mm thick
C25/25/X0 sprayed concrete primary
lining was reinforced by 116mm high
BTX lattice girders installed every
1.5m that consisted of three rebars
with diameters of 25/16/16mm and
a ribbon made of 10mm diameter
rods and two layers of 6/150x6/150
welded mesh.

The TTV4-MP technological class
meant for excavation start at the
portals was also supported at the top
by 21 steel spiles 6m in length that
stabilised the excavation along the
circumference of the top heading
in initial metres after commencing
excavations.

Excavations concluded halfway
through June, and disassembled
concreting formwork  consisting
of systemic formwork elements of
the Roland company was delivered
in advance. The formwork was
partially assembled on land above the tunnel (Fig. 6) and gradually
lowered down by a crane in front of the tunnel portal where it was
completely put together (Fig. 7). Concurrently, the final cleaning
of the invert down to fresh subbase began, along with the pouring
of cambered concrete, rehabilitation of invert overbreak, concreting
of tunnel strip foundations (Fig. 8), mounting DN 200 reverse side
drainage, and construction of cleaning shafts. Except for P1 and
P2 portal strips, an umbrella-type PVC-P film waterproofing layer
2.2mm in thickness was installed from a waterproofing carriage.
While waterproofing works were taking place, the manufacturing of
BTX girders for the self-supporting secondary lining reinforcement
began at the construction site facility near the Tanvald portal.

After completing waterproofing, rebar assembly in the vault
along the entire length of the tunnel started halfway through June
using the same carriage. Starting 12/08/2025, even the concreting
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6 m, které stabilizovaly vyrub po
obvodu kaloty v prvnich metrech po
zahdjeni razby.

Razby byly dokonceny v poloviné
Cervna a v predstihu byla navezena
rozloZend betonafskd forma sesta-
vena z prvku systémového bednéni
firmy Roland. Forma byla caste¢né
smontovdna na pozemku nad tu-
nelem (obr. 6) a postupné spusténa
jerabem pred portdl tunelu, kde byla
kompletné sestavena (obr. 7). Sou-
bézné s tim zacalo docisténi pocvy
na nezvétraly podklad a probéhla
betonaz spadovych betonl, sanace
nadvyloml dna a betondz zéaklado-
vych past tunelu (obr. 8), osazeni
rubové drenaZze DN 200 a cisticich
Sachet. Z izolatérského vozu byla
s vyjimkou portalovych past P1 a P2
provedena destnikové foliova PVC-P
izolace tloustky 2,2 mm. Soubéz-
né s izolatérskymi pracemi byla na
zafizeni staveni§t€¢ u Tanvaldského
portdlu zahdjena vyroba BTX rami
samonosné vyztuze sekundarniho
osténi.

Po dokonceni hydroizolaci bylo
ze stejného vozu zahdjeno v druhé
poloviné cCervna armovani kleneb
v celé délce tunelu a od 12. 8. 2025
byly ve sméru od Libereckého k Tan-
valdskému portadlu s vyjimkou por-
tdlového bloku zahdjeny i betonaze
kleneb sekundarniho osténi (obr. 9).
Jako bednéni slouZila tunelové for-
ma s ocelovou nosnou konstrukei
sestavend z prvkl systémového bed-
néni s nosnym dievénym plastém
a obélkou z vodostavebni preklizky.
Jednalo se o formu s mechanickym
pojezdem po koleji, Ctyfmi upinaci-
mi hydraulickymi vélci a mechanic-
ky vyklopnymi kiidly a dvéma kusy
pridavného bednéni pro vyklenky.
Beton horni klenby vyztuZeného
osténi je C 25/30XC1, XF1-Cl. 0,4-
D max 22; S4-S5. Portalové bloky byly osazeny na formé dodatec-
nym Cilkem a zdklopem pro zhotoveni limce ptesahujiciho profil
sekundarniho osténi (obr. 10). Portdlové bloky byly realizovany
jako posledni dva. Beton horni klenby vyztuzeného osténi porta-
lovych blokt vzhledem k ukonceni hydroizolacni folie na portalo-
vych blocich musel byt z vodonepropustného betonu C 25/30-XC2,
XF3, XA1-Cl. 0,4-D max 22; S4-S5. Betonédze probihaly do polo-
viny zafi roku 2025.

Soubézné s betonazi tunelu probihalo bednéni el obou portala
pro vyplii prostoru mezi upravenym tvarem skalnich zarezi a fales-
nym primarnim osténim s naslednym vyplnénim tohoto prostoru az
nad klenbu tunelu popilkobetonem.

Po dokonceni kleneb se realizovaly betondze tunelovych chod-
nikil s kabelovody a kabelovymi Sachtami, osazeni stfedové dre-
naze a jeji propojeni s drenazi hloubeného Tanvaldského portilu,

Obr. 9 Sekunddrni osténi
Fig. 9 Secondary lining

Obr. 10 Betondz portdlového bloku
Fig. 10 Portal block concreting

of secondary lining in the vault (Fig. 9), except for the portal block,
started in the direction from the Liberec portal towards the Tanvald
portal. Used as formwork was a tunnel formwork traveller with
a steel load-bearing structure consisting of systemic formwork
elements, a load-bearing wooden skin, and a cover made of hydraulic
structure plywood. It was a formwork traveller with mechanical
travel along rails, four clamping hydraulic cylinders, mechanically
tiltable wings, and two pieces of additional formwork for niches.
Concrete for the reinforced lining of the upper vault is C 25/30XC1,
XF1-Cl. 0.4-D max 22; S4-S5. The formwork for portal blocks was
fitted with a supplementary stop-end and a cover to construct a collar
overlapping the profile of the secondary lining (Fig. 10). Portal
blocks were the last two to be constructed. Concrete in the upper
vault of the secondary lining used for portal blocks had to be made
from C 25/30-XC2, XF3, XA1-Cl. 0.4-D max 22; S4-S5 waterproof



Obr. 11 Dokonceny tunel
Fig. 11 Finished tunnel

osazeni drenaZnich Sachet na obou portélech, propojeni bo¢ni ru-
bové a stiedové drendZe v Sachtach na Cisténi drendZe a napojeni na
stavajici drendZ v zarezu Libereckého portalu. Po svedeni vody do
jednoho potrubi bylo provedeno napojeni na mistni vodotec.

Pro zdivo a fimsy obou portali bylo nutné pouZit novy pfirodni
kamen, protoZe puvodni materidl vyt€Zeny z portaltl i obezdivky tu-
nelu nebylo mozné vzhledem k jeho zna¢né degradaci i nevhodné-
mu tvaru pouzit. Rubové bednéni predsunutych portalovych blokt
Castecné tvorilo fale$Sné primdrni osténi. Prostor mezi timto osténim
a skalnimi zafezy byl vyplnén popilkocementem a nad vrcholem
klenby byl proveden spadovy beton. K utlumeni energie tlomka
horniny vypadavajicich mezi vysokopevnostnimi sitémi z portalo-
vého svahu byl spddovy beton presypan vrstvou kameniva. Vysoko-
pevnostni sité, ped rozsifenim skalnich svaht smotané, byly zpétné
osazeny, piipadné doplnény o nové, a zakotveny svorniky.

Po dokonceni praci na vlastnim tunelu doslo k obnové Stérkové-
ho loZe Zelezni¢niho svr§ku standardni vysky 350 mm. Pro to byl
z vetsi ¢asti pouzit materidl vytéZeny z puvodni konstrukce svrsku
a nasledné doslo k opétovnému uloZeni kolejovych poli, jejich sva-
feni, podbiti a zaméfeni geometrické polohy koleje.
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concrete due to waterproofing film ending
at portal blocks. Concreting took place
until halfway through September 2025.

The assembly of formwork for both portal
faces for the filling of the space between the
newly shaped rock cuts and false primary
lining took place simultaneously with the
concreting of the tunnel. This space was
subsequently filled up and above the vault
with fly ash concrete.

Following the completion of vaults, the
concreting of tunnel pavements with cable
ducts and cable shafts took place, alongside
the mounting of the middle drainage and
its connection to the drainage of the cut-
and-cover Tanvald portal, the installation
of drainage shafts at both portals, the
connecting of lateral backside drainage
and middle drainage in shafts for drainage
cleaning and their connection to the existing
drainage in a cut of the Liberec portal. After
rerouting water into a single pipe, a link was
made with a local water stream.

For masonry and ledges of both portals,
it was necessary to use new natural stone,
since the original material extracted from
portals and tunnel lining could not be
used due to its significant degradation and
even inappropriate shape. The backside
formwork of forward portal blocks was
partially formed by false primary lining.
The space between this lining and the
rock cuts was filled with fly ash concrete,
and above the top of the vault, cambered
concrete was poured. To dampen the
energy of rock fragments falling through
the high-strength nets of the portal slope,
the cambered concrete was covered with
a layer of aggregate. The high-strength
nets that were rolled up before enlarging
the rock cuts were attached again, where
needed, provided with new ones, and
finally anchored with rock bolts.

After completing work on the tunnel itself, the ballast bed of
the railway superstructure was renewed to the standard height of
350mm. For that purpose, most of the material used was excavated
from the original railway superstructure. Then, the sections of
track were set in place again, welded together, tamped, and the
geometrical position of the track was surveyed.

Information cables and cables for the interlocking system were
routed through newly built cable ducts. Emergency lighting cables
were routed from cable shafts into protective casings in the lining,
with lights providing a lighting intensity of 2 lux on the emergency
path. Stripes marking the way towards safety niches were sprayed
onto the lining, and safety signage with information about the
distance to both portals was placed. After returning the cables to
their original route in the tunnel, it was possible to demolish their
temporary relocation structure on the surface above the tunnel.

Following the main tunnel inspection and an examination by
the railway authority, the tunnel was put into trial operation on
15/10/2025 (Fig. 11).
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Obr. 12 Omezeny prostor zafizeni stavenisté
Fig. 12 Limited space at the construction site facility

Nové vytvoienymi kabelovody byly protazeny sdélovaci kabe-
ly a kabely zabezpecovaciho zafizeni. Z kabelovych Sachet byly
do chréanicek v osténi zataZeny kabely nouzového osvétleni, jehoZ
svitidla zajiStovala intenzitu osvétleni na tinikové cesté 2 luxy. Na
osténi byly nastfikdany pruhy oznacujici cestu k zachrannym vy-
klenkiim a umistény znacky bezpec¢nostniho znaceni s informaci
o vzdalenosti k obéma portaliim. Po navraceni kabeldt do ptivodni
trasy v tunelu bylo mozné zlikvidovat jejich provizorni prelozku
vedenou po povrchu Gzemi nad tunelem.

Po hlavni tunelové prohlidce a kontrole DraZnim stavebnim tfa-
dem byl tunel uveden 15. 10. 2025 do zkusebniho provozu (obr. 11).

GEOTECHNICKY MONITORING

Pro ovéteni predpokladi technického navrhu a zajisténi bezpec-
nosti razeb probihal v pribéhu vystavby geotechnicky monitoring.

V ramci geotechnického monitoringu byl provadén nasledujici
soubor méfeni a sledovéni:

* geologicka a geotechnicka pasportizace dna a svaht hloube-
nych usek;

* geotechnicka pasportizace rozsifeného lice vyrubu;

* geodetickd méfeni 3D deformaci svaha hloubenych useki;

e geodetickd méfeni 3D primarniho osténi (body pro méfeni de-
formaci byly instalovany dle projektu geomonitoringu v péti
petibodovych profilech oznacenych kvg 1 az kvg 5);

¢ laserové skenovani lice primarniho osténi;

¢ geodetickd méfeni 3D deformaci sekundarniho ostént;

¢ méfeni mnoZstvi vody, jejiho pH a neutralizace vody vytékaji-
ci ze staveniste.

GEOTECHNICAL MONITORING

To verify the expectations of the technical design and to secure
safe excavations, geotechnical monitoring took place during
construction.

The following set of measurements and monitoring was carried
out as part of geotechnical monitoring:

 geological and geotechnical assessment of the floor and slopes
of cut-and-cover sections;

 geotechnical assessment of the enlarged excavation front side;

 geodesy surveying of 3D deformations of cut-and-cover section
slopes;

* geodesy lining (points for
deformation measuring were installed according to the design
for geomonitoring in five five-point profiles marked as kvg 1 to
kvg 5);

e primary lining front side laser scanning;

» geodesy surveying of secondary lining 3D deformations;

* measuring amounts of water, its pH, and neutralisation of water
flowing from the construction site.

To conclude, it can be stated that the extent and content of
geotechnical monitoring helped to verify the prognosis of the
design and the image of the behaviour of the rock massif during the
enlargement of the excavation profile. Primary lining deformations
fluctuated below warning level values, and excavation works went
underway with a high degree of safety and construction efficiency.
Concerns about the possible instability of the original excavation
front face due to it being unsupported for a long time by the backfill
were not confirmed.

surveying of 3D primary




Tuel

Zavérem lze konstatovat, Ze rozsah i obsah geotechnického mo-
nitoringu pomohl ovéfit prognézu projektu a predstavu o chova-
ni horninového masivu pfi zvétSovani profilu vyrubu. Deformace
primérniho osténi se pohybovaly pod hodnotami varovného stavu
a razici prace probihaly s vysokou mirou bezpecnosti a efektivity
vystavby. Obavy z mozné nestability lice ptivodniho vyrubu dlou-
hodobé nepodepteného zakladkou se nepotvrdily.

STROJNi SESTAVA PRO RAZBU

Pro vrtani za ucelem instalace svornikti a provadéni trhacich
praci byla pouzita vrtacka AC Boomer 2LC, pro manipulaci s ru-
baninou a stavebnim materidlem byl nasazen naklada¢ Cat 930
a Manitou s vidlemi a ploSinou, pro zemni prace malého rozsahu
bagr Cat 305. Rozpojovéni zvétralych poloh horninového masi-
vu zajistil tunelovy bagr Liebherr 944. Prace ve vySce umoZznila
teleskopicka pracovni plosina DC16, stiikany beton primérniho
osténi aplikoval stroj Meyco Potenza, injektaZ svornikll a kotev se
provadéla Cerpadlem Filamos CA20. Pro nedostate¢nou kapacitu
elektrické prenosové sit€ byla na zafizeni staveni$té instalovana
dieselova elektrocentrdla. Pro vyrobu stlaceného vzduchu byl na
zafizeni staveni$t€ umistény dieselovy kompresor XAMS 287 MD.
Jako zdroj vody byl vyuZivan lokalni pfitok z vydatného prameni-
$té ve svahu nad zafizenim stavenisté, ktery byl centralné jiman do
zésobniku o objemu 10 m?. Pro zaji§téni tlaku vody byla pouZita
mobilni vodarna. Rubanina byla odvaZena z mezideponie na zafi-
zeni stavenisté na dals$i mezideponii na ploSe u Zelezni¢ni stanice
v Lucanech nad Nisou a nésledné nakladnimi auty subdodavatele
na trvalou skladku. Pro pracovni proud souvisejici s provadénim
sekundarniho osténi byl pouZit izolatérsko-armovaci vz, posuvné
bednéni Roland a pro Cerpani betonu do posuvného bednéni pumpa
Putzmeister BSA 1408.

KOMPLIKACE BEHEM VYSTAVBY

Vzhledem k tomu, Ze nedostateCnd plocha zafizeni staveni-
$t€¢ u Tanvaldského portdlu (obr. 12) témér vyloucila skladova-
ni stavebniho materidlu, musely byt s obci a lokdlnimi vlastniky
pozemk projedndny prondjmy skladovacich ploch a ploch pro me-
zideponie rubaniny. Bylo nutno nové zfidit panelovou stavenistni
komunikaci odbocujici z mistni silnice do prudkého kopce k télesu
Zeleznice a k mistu byvalého drazniho domku. Tato komunikace
byla jedinym pfijezdem na zafizeni stavenist¢ a dale aZ k portalu
tunelu. Vyjednani prondgjmu pozemkd se soukromym majitelem
pro pifjezd k Libereckému portdlu se nepodafilo. Po ukonceni
stavebnich praci bylo nutné provést opravu asfaltové lokdlni ko-
munikace vedouci z hlavni silnice aZ po odbocku panelové cesty
k zafizeni staveniSté.

Nepiistupnost Libereckého portdlu byla divodem k hledani
betonarské formy, kterou by bylo mozné rozloZenou dopravit po
uzké nezpevnéné komunikaci nad portdl tunelu, a poté ji jefabem
navazet do prostoru pred portdl, kde byla smontovana. Pfiporta-
lova ¢ast jiz rozsifeného skalniho zéfezu umoZznila pouze montaz
kiidel formy bez oplasténi. Ta musela byt poté CasteCné zasunuta
do tunelu a nasledn€ dokoncena montaZ zbytku oplasSténi formy.
Stejny problém vznikl pfi jeji demontaZi po dokonceni betondze
sekundarniho osténi.

Cerpéni popilkobetonu pro vyplii prostoru mezi faleSnym pri-
marnim osténim portalovych blokii betonaze a licem skalniho zafe-
zu probihalo z prostorti nad portalem pomoci automobilové pumpy
s ramenem. Stejné tak se na obou portélech doll jefabem dopravo-
valy a na jiZ vyzdénou portalovou sténu osazovaly t€zké fimsové
kameny.
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EXCAVATION MACHINERY

Utilised for drilling to install rock bolts and carry out blasting
works was an AC Boomer 2LC drilling rig. For the manipulation
of muck and construction material, a Cat 930 loader and a Manitou
with a pitchfork and a platform were fielded, along with a Cat 305
excavator for small-scale earthwork. A Liebherr 944 tunnel
excavator took care of dislodging the weathered attitudes of the
rock massif. Work at height was facilitated with a DC16 telescopic
platform, primary lining sprayed concrete was applied by a Meyco
Potenza machine, and the grouting of rock bolts and anchors was
carried out by a Filamos CA20 pump. Due to insufficient capacity
of the electrical transmission network, a diesel power station was
installed at the construction site facility. To produce compressed
air, an XAMS 287 MD diesel compressor was placed at the
construction site facility. A local stream from an abundant spring
in the slope above the construction site facility was used as a water
supply, and it was captured into a reservoir with a volume of 10m?.
Mobile waterworks was used to maintain water pressure. Muck was
transported from temporary storage at the construction site facility
to another temporary facility on a site near a railway station in
Lucany and Nisou, and finally it was transported by cargo lorries
of a subcontractor to a permanent landfill. Used for work related to
the secondary lining was the waterproofing-reinforcing carriage, the
movable formwork traveller Roland, and for pumping concrete into
the movable formwork, a Putzmeister BSA 1408 pump.

COMPLICATIONS DURING CONSTRUCTION

Because insufficient space of the construction site facility at the
Tanvald portal (Fig. 12) ruled out almost all construction material
storage, the renting of storage spaces and spaces for muck temporary
deposit had to be negotiated with the municipality and local
landowners. It was necessary to construct a new panel construction
road turning off from a local road into a steep hill towards the
railway body and the location of the former signal house. This
communication was the only entrance to the construction site facility
and then up to the tunnel portal. Negotiating the renting of spaces
for the entrance to the Liberec portal with a private owner failed.
After concluding construction work, it was necessary to carry out
repairs to the tarmac local communication leading from the main
road up to the turn off to the panel road towards the construction
site facility.

The inaccessible Liberec portal caused the search for a concreting
form that would be transportable in a dismantled state along a narrow,
unpaved road above the tunnel portal and subsequently brought to
the area in front of the portal, where it was assembled. The portal
section of an already enlarged rock cut allowed only the assembly
of formwork wings without cladding. It then had to be partially
inserted into the tunnel, and the assembly of the remaining form
cladding was finished. The same issue arose while disassembling it
after finalising the concreting of the secondary lining.

Fly ash concrete pumping for filling of the space between the
false primary lining of portal concreting blocks and the front side
of the rock cut was carried out from areas above the portal by way
of an automobile pump with a boom. In the same way, heavy ledge
stones were transported and placed on an already masoned portal
wall at both portals using a crane.

The course of construction was accompanied by heavier
precipitation that complicated the entrance of machinery with
material and muck disposal, along with concrete mixes arriving
along a steep panel road towards the construction site facility, often
necessitating assistance from other construction machinery. A lot of
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Pribéh vystavby provazely vyraznéjsi destové srazky, které
komplikovaly najezd mechanizace s materidlem, odvoz rubaniny
a najezd mixl po strmé panelové cesté na zafizeni staveniSté Cas-
to vyzadoval asistenci dalsi stavebni techniky. Velkou pozornost
vyzadovalo spravné odladéni receptury betonové smési s betonar-
kou. Omezené moznosti konstrukce bednéni pro vibrovani betonu
a pomérné vysoka hustota vyztuZe vyzadovaly vénovat mimo-
fadnou pozornost zajiSténi optimdlni konzistence a cerpatelnosti
betonové smési do formy. Po pocatecnich problémech s betondzi
prvniho bloku sekundérniho osténi se podafilo recepturu upravit
a eliminovat vyskyt lokdlnich hnizd zejména ve spodni negativni
Casti formy. Stejné tak bylo, s ohledem na kapacitu betonérky a jeji
dalsi zakazky v regionu, komplikované zajistit dostate¢nou vyrobu
betonu a jeho plynulou dodavku podle pozadavk stavby.

Stavebné technicky prizkum béhem projektové piipravy signali-
zoval, Ze pro rozsiteni profilu tunelu o0 0,6 az 0,9 m bude, s ohledem
na predpokladanou vysku zakladky a ocekavané zvétrani horniny
u lice vyrubu, pro rozpojovani horniny stacit z vetsi ¢asti pouze
tunelbagr s impaktorem. Stavba v predstihu pripravila i variantu
rozpojovani horniny pomoci trhacich praci, coZ se po vybourani
prvnich metrti obezdivky ukézalo jako proziravé. Zakladka vypl-
flovala pouze uzky prostor mezi obezdivkou a licem historického
vyrubu. Nasi pfedci dokdzali i s omezenymi technickymi moZnost-
mi vylamat dost piesny obrys tunelu. VEtsi volné prostory za obe-
zdivkou tak byly zastiZeny pouze u cca dvou tektonickych poruch.
Proto bylo témér v celé délce razené Casti tunelu nutné pro rozsi-
feni profilu vyrubu pouZit trhaci prace. Pojezd t€Zké mechanizace
po zvétralé horniné v po¢ve tunelu zplisobil béhem razby jeji znac-
né rozvolnéni. Pfi ndsledném ciSténi dna tak vznikly po dosaZeni
jeho neporusené trovné znacné nadvylomy, které byly vyplnéné
spadovym betonem odvadéjicim vodu ke drendzi pro odvodnéni
plané Zelezni¢niho svrsku. Jednostranné spadovéani plané umoz-
nilo umistit drenazni potrubi na boku mimo prostor koleje a jeji
Cisténi ze Sachet bocni tunelové drendze. Zvyseny rozsah trhacich
praci pfi rozsifeni tunelu proti pivodnimu predpokladu, omezeni
pouziti trhacich praci v no¢nich sménach a zvysend asova naroc-
nost spojend s Gpravou poruseného dna tunelu vedly k prodlouZeni
doby vystavby a po dohod¢ s objednatelem k prodlouZeni vyluky
do 15. 10. 2025.

ZAVER

Pres omezené prostory na zafizeni stavenisté, komplikovany pii-
jezd pouze k jednomu portilu a omezené prostory pro manipula-
ci s technikou a materidlem v zafezech i v jednokolejném tunelu
se podafilo synchronizovat postup jednotlivych praci na stavbé
a dokoncit stavbu v ocekdvané kvalité. V ramci rekonstrukce his-
torického Dolnoluc¢anského tunelu doslo po vice nez 130 letech od
jeho uvedeni do provozu v principu k vystavbé nového tunelu s od-
stranénim vSech problému spojenych s jeho udrzbou a zajisténim
bezpecnosti provozu. Pocatecni investice vloZena do rekonstrukce
tunelu se priznivé projevi na sniZeni provoznich nakladi po dobu
projektované Zivotnosti tunelu 100 let.

Ing. PAVEL KACIR, pkacir@subterra.cz,
Ing. LINDA CERNA VYDROVA, cernavydrova@subterra.cz

Recenzoval Reviewed by: Ing. Libor Marik
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focus was dedicated to correctly tuning the concrete mixture with
the concrete plant. The limiting options of the formwork structure
for concrete vibration and a relatively high density of reinforcement
required extra vigilance when securing optimal consistency and
pumpability of concrete mix into the formwork. After initial
problems with concreting of the first secondary lining block, it was
possible to adjust the formula and eliminate the occurrence of local
voids, mainly in the lower negative part of the formwork. It was
also complicated to secure sufficient concrete manufacturing and
its smooth transport according to the needs of the construction site,
regarding the capacity of the concrete plant and its other contracts
in the region.

The construction-technical exploration during design preparation
signalled that for the enlargement of the tunnel profile by 0.6 to
0.9m, only a tunnel excavator with an impactor will suffice for rock
breaking due to the expected backfill height and weathering. Even
a variant of rock breaking using blasting works was prepared by
the contractor in advance, which proved to be forethoughtful after
excavating the first metres of the lining. The backfill filled only
a narrow space between the lining and the front face of the historic
excavation. Our ancestors could mine quite a precise tunnel outline
even with limited technical options. Larger empty spaces behind the
lining were therefore encountered only near ca. two tectonic faults.
That is why it was necessary to utilise blasting works over almost
the entire excavated length of the tunnel for the enlargement of the
excavation profile. Traverse of heavy machinery over weathered
rock in the tunnel invert caused significant dislodging over the
duration of excavations. After subsequent cleaning of the invert,
significant overbreaks arose when reaching an undamaged level in
the invert. These had to be filled with cambered concrete that leads
water towards the drainage for the railway superstructure formation
level draining. One-sided grading of the formation level allowed the
placement of drainage piping on the side away from the area of rails
and its cleaning from lateral tunnel drainage shafts. The increased
extent of blasting works during the enlargement of the tunnel,
contrary to original expectations, the limitation of blasting works
usage at night, and an increase in time demand due to the adjustment
of the damaged tunnel invert led to an increase in construction time,
and after a discussion with the contract owner, the extension of the
track closure until 15/10/2025.

CONCLUSION

Despite the constricted space at the construction site facility,
complicated access only to one portal, and limited space for
manipulation with machinery and material in rock cuts and single-
rail tunnel, it was managed to synchronize the succession of
individual construction tasks and to finish the construction with the
expected quality. Within the reconstruction of the Dolnolu¢ansky
tunnel after more than 130 years since its opening, in principle, an
entirely new tunnel was built that eliminated all problems tied to its
previous maintenance and also secured safe operations. The initial
investment put into the reconstruction of the tunnel will positively
decrease operational costs over the duration of the designed tunnel
service life of 100 years.

Ing. PAVEL KACIR, pkacir@subterra.cz,
Ing. LINDA CERNA VYDROVA, cernavydrova@subterra.cz

[11 MARIK, Libor. RDS, Rekonstrukce Dolnolucanského tunelu v trati Liberec—Harrachov. SAGASTA.
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RAZBY STANICE PANKRAC D
EXCAVATION OF THE PANKRAC D STATION

VACLAV ANDEL, STEFAN IVOR

ABSTRAKT

Stanice Pankrdc D je prvni budovanou jednolodni stanici na nové vznikajici lince D metra v Praze. Zdroveri bude po zprovoznéni pre-
stupni stanici mezi linkami C a D. Na délku méri 130,6 m a jeji pricny Fez dosahuje tictyhodnych 400 m?. Vyska nadloZi je cca 25 m a je
situovand pod ulici Na StrZi, pod budovou GEMINI a podchdzi v nejmensi vzddlenosti cca 4 m provozovanou linku metra C v blizkosti sta-
nice Pankrdc C smérem ke stanici Budéjovickd. Razby stanice Pankrdc D maji nekolik netypickych reSent, a to predevsim rozsdhlé pouZiti
chemickych injektdzi pro sniZeni pritokit podzemni vody do oblasti vyrubii a zdroveri zpevnéni nadloZi a geologickych vrstev v misté raZeb.
Dalsim netypickym teSenim byl postup raZeb, kdy byla netradicné jako prvni vyraZena dolni cdst profilu stanice, tzv. patni §tola.

ABSTRACT

The Pankrdc D station is the first single-vault station under-construction on the emerging line D of the Prague Metro. After opening, it
will also be a transfer station between lines C and D. It measures 130.6m in length and its cross-section reaches respectable 400m?. The
overburden height amounts to ca. 25m and it is situated underneath Na StrZi Street, the GEMINI building, and it passes only as little as
ca. 4m below the operated metro C line in the vicinity of the Pankrdc C station in the direction of the Budéjovickd station. The Pankrdc D
station excavations have several atypical solutions, mainly the extensive usage of chemical grouting for the lowering of groundwater inflow
into the excavation area and the strengthening of the overburden and geological layers at the location of excavations. Another atypical
solution was the course of excavation, where, untraditionally, the bottom section of the station profile was excavated first, the so-called

base gallery.

STRUCNY POPIS GEOLOGIE STANICE PANKRAC D

Z geologického hlediska stanice Pankrac D (obr. 1) prechézi pres
jadro synklindly budované silurskymi horninami litetiského souvrst-
vi, které naseda na horniny ordovické, zastoupené v useku PAD4
kosovskym souvrstvim (obr. 2). Mezi ordovickymi a silurskymi sou-
vrstvimi se nachazi poloha paleozoického vulkanitu — diabasu.

Kosovské souvrstvi

Kosovské souvrstvi je nejmladSim ordovickym souvrstvim. Jedna
se o flySové souvrstvi, kde dochdzi k rychlému stiidani zelenavych
jilovitych, prachovitych a piscitych tence vrstevnatych bfidlic a des-
kovité a7z lavicovité odlucnych kiemennych piskovci, kiemench
a drob. Ve svrchni ¢asti souvrstvi prevladaji hrubozrnné lavicovité
kfemenné piskovce, bridli¢né vlozky jsou zcela minoritni. Celkova
mocnost souvrstvi se pohybuje kolem cca 80—120 m. Horniny jsou
také znacné tektonicky porusené, silné rozpukané a na odlu¢nych
plochéch siln€ limonitizované. Vzhledem k flySovému charakteru
jsou také nachylné k nestabilité¢ — vyjiZdéni horninovych bloku. Pfi
styku s vodou nebo vzduchem dochazelo k rychlé degradaci kosov-
skych bridlic.

Literiské souvrstvi

Literiské souvrstvi je vyvinuto jako tmavé Sedé az Cerné jilovité
az prachovité vapnité bridlice a ve své svrchni Casti obsahuje Casté
polohy a ¢ocky velmi pevnych vapencil. Casté jsou také polohy tufi-
ti. Celkova mocnost litefiského souvrstvi je kolem 30-80 m. Vlastni
bridlice jsou tence deskovité vrstevnaté s velmi hojnou graptolitovou
faunou na vrstevnich plochach. Vrstevnatost je vSak asto témér ne-
znatelnd a jako hlavni predisponované plochy rozpadu se uplatiiuji
pukliny.

Diabasy

Na svrchnoordovické a spodnosilurské sedimenty je vazan diaba-
sovy vulkanismus, pfi kterém dochazelo k podmoiskym vylevim
vulkanickych téles doprovazenych sopeénymi vyvrzeninami, tufy
a tufity. Diabasy jsou zelenavé Sedé, obecné velmi tvrdé, s charak-
teristickou ofitickou strukturou, kulovité ¢i polStafovité odlucnosti.

BRIEF DESCRIPTION OF PANKRAC D STATION GEOLOGY

From a geological standpoint, the Pankrac D station (Fig. 1) goes
across the core of a syncline consisting of Silurian rock of the Liten
formation, which lay on Ordovician rock represented by the Kosov
formation in the PAD4 section (Fig. 2). Between the Ordovician and
Silurian formation an attitude of Palacozoic volcanite is located —
diabase.

Kosov formation

The Kosov formation is the earliest Ordovocian formation. It is
a flysch formation, where a quick alteration of greenish clayey, silty,
and sandy thinly layered shales and plate-like to bench-like jointing
quartz sandstones, quartzites, and greywackes occurs. The upper part
of the formation is dominated by coarse-grained bench-like quartz
sandstones, with minimal shale intercalations. The total thickness of
the formation is around 80—120m. The rocks are also significantly
tectonically disturbed, heavily fractured, and on exfoliation surfaces
strongly limonitised. Due to their flysch character, they are also
prone to instability — to the dislodging of rock blocks. Contact with
water or air caused rapid degradation of the Kosov shales.

Liten formation

The Litent formation is developed as dark grey to black clayey to
silty calcareous shales that contain frequent attitudes and lenses of
very hard limestones in their upper part. Tuffites are also common.
The total thickness of the Literi formation is around 30-80m. The
shales themselves have thin plate-like bedding with very abundant
graptolite fauna on the bedding planes. However, the bedding is often
almost imperceptible, and fractures are the main areas predisposed
to weathering.

Diabase

Diabase volcanism, during which submarine eruptions of
volcanic bodies accompanied by volcanic ejecta, tuffs, and tuffites
occurred, is linked to Upper Ordovician and Lower Silurian
sediments. Diabase is greenish grey, generally very hard, with
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Zcela nepravidelné tvofi také silné zvétralé polohy hornin s jilovitym
rozpadem. Diabasy tvori pfedevsim priniky loznich Zil anebo plos-
né vylevy v riznych hloubkich sedimentace zejména na rozhrani
kosovského a literiského nebo liteiiského a kopaninského souvrstvi.
Izolované vyskyty vSak byly dokumentovany i v souvrstvi litetiském
nebo kopaninském. Diabasové Zily

a characteristic ophitic structure, spherical or cushion-like jointing.
It also sporadically forms irregular, heavily weathered rock attitudes
with clayey decay. Diabase mainly forms intersections of bedding
veins or extensive lava outflows at various depths of sedimentation,
especially at the interface between the Kosov and Liten or Liteni and

zde dosahuji maximalni mocnosti
10-30 m. Diabasovy vulkanismus je
doprovazeny sedimentaci tuft a tu-
fit. Jedna se o prachovité bfidlice
s pfimési vulkanického popela.
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Obr. 2 Podélny rez stanici Pankrdc D s geologii
Fig. 2 Longitudinal section of the Pankrdc D station with geology
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Obr. 3 Rozdéleni diléich vyrubii pri razbé
Fig. 3 Sequencing of a partial excavations for station construction

(puklinové prostfedi) je v hloubce 15-20 m pod terénem. Pii razbé
se ocekavaly lokalni koncentrované pritoky podzemni vody do tu-
nelu predevsim v mistech tektonického poruseni masivu. Z divodu
rozsahlého pouziti chemickych tlakovych injektazi byly pfitoky pod-
zemni vody pfi razbach stanice Pankrdc D minimalizovany a vétSina
z nich se projevila pravé jen pii realizaci vrtil pro samotnou chemic-
kou injektaz a pfi vrtani radidlnich svorniki pfi razbé¢.

POSTUP RAZEB STANICE PANKRAC D

Razby stanice Pankrac D jsou vzhledem k jeji velikosti a dostup-
nosti rozd€leny na 11 dil¢ich vyrubu (obr. 3). Z divodu predpokla-
danych slozitych geotechnickych podminek kosovského souvrstvi,
predevsim v misté podchdzeni provozované linky C metra, byla jako
prvni netypicky vyraZena dolni ¢ast profilu tzv. patni Stola, ze které
byly nasledné provedeny tlakové chemické injektdZe tak, aby do-
Slo ke zpevnéni jednotlivych vrstev v profilu budouci stanice a cca
3,5 m nad jeji profil. Nasledné jiz razby pokracovaly standartné od
hornich profili smérem dold, nejprve boc¢ni dil¢i vyruby a nakonec
stfedni dil¢i vyrub s postupnym vybourdnim docasnych vnitfnich
konstrukei véetné klenby patni $toly. Vyhodou netypického postupu
razeb bylo to, Ze pfi propojovani primarniho osténi kaloty stfedniho
dil¢iho vyrubu jizZ byl cely profil stanice uzavieny. Z divodu vysky
stanice Pankrac D cca 20 m s jedinymi moZnymi pristupy z vertikal-
nich Sachet, byla patni $tola raZena ze Sachty na zafizeni staveni§té
VO-OL, vétsina kalot bo¢nich dil¢ich vyrubi ze zarfizeni stavenisté
PAD4 a zbytek raZeb a bourdni vnitinich konstrukci ze zafizeni sta-
venist¢ PAD1b. Razby stanice probihaly dle zdsad Nové rakouské
tunelovaci metody. Z divodu velikosti profilu byla délka zabéru pev-
né dand, a to 1 m tak, aby bylo mozné propojovat jednotlivé dil¢i vy-
ruby, a predevsim jejich vyztuzné pithradové ramy. Razby probihaly
v technologickych tfidach TT5a nebo TTSb, pricemz rozdil byl pre-
devsim v tom, Ze v tfidé TT5b byly soucasti razby pouzité chemické
tlakové injektaze pres predhanéné jehly, zatimco v TT5a byly vsech-
ny tyCové vystrojovaci prvky pouze vyplnény tou samou chemickou
smési. TT5b byla pouZita ve zna¢né mife v mistech kosovského sou-
vrstvi a v mistech tektonicky postizenych ¢astech horniny. Vyhodou
pouZiti chemické smési pro vyplné tyCovych vystrojovacich prvki
bylo, Ze v pripadé navrtani horniny s podzemni vodou bylo moz-
né pies tyto prvky provést okamzité tlakovou injektaz a pfitok vody
minimalizovat. Pfi razb€ a osazovani vyztuznych rama ve vSech pro-
filech byl velky diraz kladen na jejich co nejpresnéjsi montdz, aby
bylo moZné jejich nasledné propojovani.
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Kopaniny formations. However, isolated occurrences have also been
documented in the Litefi and Kopaniny formations. Diabase veins
here reach a maximum thickness of 10-30 m. Diabase volcanism
is accompanied by the sedimentation of tuffs and tuffites. Those are
silty shales mixed with volcanic ash.

HYDROGEOLOGICAL CONDITIONS

A discontinuous groundwater level occurs mainly at the base of
terraced fluvial sediments at a depth of 6-7m below terrain, where
the thickness of the aquifer usually does not exceed ca. Im. Due
to limited natural infiltration of precipitation, the recharge of this
horizon is minimal. In rocks, water is bound to the near-surface zone
of rock loosening and tectonically disturbed zones. The standing
groundwater level in the massif of Ordovician shales (fractured
environment) is at a depth of 15-20m below terrain. During
excavation, local concentrated inflows of groundwater into the
tunnel were expected, especially in areas of tectonic disruption of
the massif. Due to the extensive use of chemical pressure grouting,
groundwater inflows during the excavation of the Pankrac D station
were minimised, and most of them occurred during the drilling of
boreholes only for the chemical grouting itself and during the drilling
of radial bolts during excavation.

EXCAVATION PROCESS OF THE PANKRAC D STATION

Due to its size and accessibility, the Pankrac D station excavation
is divided into 11 partial excavations (Fig. 3). Due to the anticipated
complex geotechnical conditions of the Kosov formation, especially
at the point of passing under the operated Metro C line, the lowest
section of the profile, the so-called base gallery, was excavated first,
which is uncommon. Pressurised chemical grouting was then carried
out from this gallery in order to reinforce the individual layers in
the profile of the future station and approximately 3.5m above its
profile. Subsequently, excavation continued in a standard manner
from the upper profiles downwards, first the side partial excavations,
and finally the central partial excavation with gradual demolition of
temporary internal structures, including the vault of the base gallery.
The advantage of this atypical excavation procedure was that when
connecting the primary lining of the central partial excavation top
heading, the entire station profile was already closed. Due to the
height of the Pankrac D station of approx. 20m and the only possible
access from vertical shafts, the base gallery was excavated from
the shaft at the VO-OL construction site facility, most of the side
excavations from the PAD4 construction site facility, and the rest
of the excavations and the demolition of internal structures from
the PAD1b construction site facility. The station excavations were
carried out according to the principles of the New Austrian tunnelling
method. Due to the size of the profile, the length of an advance was
fixed at 1 m so that it was possible to connect the individual partial
excavations, primarily their lattice girders. Excavations were carried
out in technological classes TT5a or TT5b, the main difference
being that in class TT5b, chemical pressure grouting through spiles
was used as part of the excavation, while in TT5a, all rod support
elements were simply filled with the same chemical mixture.
TT5b was used extensively in areas of the Kosov formation and in
tectonically affected rock areas. The advantage of using a chemical
mixture as a filling of the rod support elements was that, in the event
of drilling rock with groundwater, it was possible to immediately
perform pressure grouting through these elements and minimise
water inflow. During the excavation and installation of lattice girders
in all profiles, great emphasis was placed on their most accurate
assembly so that they could be subsequently connected.

The rock was broken up either mechanically, mainly in the Kosov
formation, or in combination with blasting in diabase, the Liten
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Rozpojovéani horniny bylo provadéno bud strojné, predevSim
v kosovském souvrstvi, nebo kombinované s pouZitim trhacich pra-
ci v diabasech, liteniském souvrstvi a ¢astecné pri zastizeni vétSich
mocnosti kfemennych piskovcli kosovského souvrstvi. Trhaci pra-
ce ohroZovaly okolni objekty seismickymi ucinky, kdy maximalni
naloz na Casovy stupen byla projektem trhacich praci stanovena na
0,8 resp. 1,2 kg. Z pohledu trhacich praci bylo naro¢né jejich pouziti
v tésné blizkosti provozované linky C metra v Case jejitho provozu.
S ohledem na limity hluku bylo mozné trhaci prace pouzivat v Case
mezi 6 aZ 22 hodinou (v denni dob¢). Proto bylo s provozem metra
dohodnuto, Ze odstiel bude provadén v dobé, kdy vlaky metra maji
co nejvetsi interval jizd, tj. mezi 21 aZ 22 hodinou. Po pfipravé tr-
hacich praci byla s dispeCerem metra potvrzena moznost provedeni
odpalu, a to poté, co ze stanice metra Pankric C odjel vlak. Po pro-
vedeném odpalu byla zaméstnancem provozu metra zkontrolovana
vizualné ovlivnéna Cast tunelu a pustén dalsi vlak metra. Za celou
dobu pouzivani trhacich praci nebylo nutné fesit Zddnou mimorad-
nou udalost.

Razba patni stoly

RaZba patni Stoly [1] byla zahdjena v ¢ervnu 2022. V prvni fazi
byla doraZena druha polovina profilu patni Stoly v délce cca 44 m,
prvni Cast byla vyrazena v ramci inZenyrskogeologického pruzku-
mu. Zbytek patni Stoly (cca 86 m) byl raZen v plném profilu (obr. 4).
Velikost profilu byla cca 52 m? a primérni osténi tvofil stfikany be-
ton, dvé vrstvy KARI siti 8/150 x 8/150 mm, ptidavna tycova vyztuz
profild 12, 16, 20 nebo 25 mm a atypické vyztuzné ramy z ocelovych
profild ve dn¢ patni Stoly v celé délce, v klenbé predevsim v Casti
kosovského souvrstvi a v blizkosti eskaldtoru GEMINI v litefiském
souvrstvi. V ostatnich ¢astech razeb byly v klenbé pouZity klasické
vyztuzné pithradové ramy. Tloustka primarniho osténi byla 550 mm.
Pro pfedhdnéné jehly, radidlni a ¢elbové svorniky byly pouZity oce-
lové samozavrtné tyce IBO praméru 32 mm v délkach 6 a 8 m. Po
vyrazeni zabéru patni Stoly na cely profil byl jako prvni smontovan
spodni dil vyztuzného ramu, provedena jeho fixace stfikanym beto-
nem a nasledné byl usazen zbytek vyztuzného ramu v klenbé. Ne-
vyhodou ocelovych rdmi z ocelovych plechil byla velka obtiznost
jejich zastiikani, aby nevznikaly v primarnim osténi dutiny. Z ddvo-
du mensiho profilu patni Stoly byly na raZbu pouZity mensi tunelova-
ci stroje — tunelbagr WIMMER Bluebadger nebo VOLVO ECR235,
na odtéZeni dumpr BERGMAN 815. Razba patni §toly byla ukon-
¢ena v tnoru 2023. Nésledné byly zahdjeny prace na tlakovych che-
mickych injektazich z patni Stoly.

Chemickeé injektaze z patni sStoly

Pro chemické tlakové injektaze byly aplikovany dvou-
komponentni polyuretany (CarboPur) nebo dvoukompo-
nentni organickominerdlni pryskyfice (CarboThix) [2].
Obecné byly organickominerdlni pryskyfice pouZity
pfi injektazich jako soucast razeb pres predhanéné jeh-
ly nebo celbové svorniky, polyuretany pfi injektazich
mimo razby napf. po vyrazeni patni §toly. Injektaze byly
provadény pfes ocelové samozavrtné IBO tyce priméru
32 mm riznych délek od cca 8 m do 22 m pies primér-
ni osténi patni Stoly. Dulezita byla obvykle pfiprava pro
injektaZe, ktera spocivala v rozkresleni mist jednotlivych
vrtl s pfesnym oznacenim kazdého z nich (obr. 5). Vrta-
ny a nasledné injektovany byly vrty v sekcich dlouhych
cca 10 m s tim, Ze postupné byly navrtiny a zainjekto-
vany vrty ve vzdalenosti cca 4 m, aby se minimalizovalo
zalepeni sousednich vrti a pfes kazdy navrtany vrt bylo
mozné provést tlakovou injektaz. V zavislosti na délce
vrtu se maximalni tlaky injektdzi pohybovaly od 40 bart
po 80 bart. Dalsi dileZitou soucasti pfipravy pro injek-
tdZe byl vybér vhodnych vlastnosti dvoukomponentich
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formation, and partly when encountering thicker layers of quartz
sandstone of the Kosov formation. Blasting works endangered
surrounding buildings by seismic effects, where the maximum
charge per time step was set at 0.8 and 1.2kg by the blasting project.
Challenging from the point of view of blasting was its use in close
proximity to the active metro C line at the time of its operation. With
regard to noise limits, it was possible to utilise blasting between 6:00
and 22:00 (daytime). Therefore, it was agreed with the metro operator
that blasting would take place at a time when the metro trains had
the longest intervals between runs, i.e. between 21:00 and 22:00.
After preparing for the blasting works, the possibility to carry out
the blast was confirmed with the metro dispatcher, but only after the
train had departed from the Pankrdc C metro station. Subsequently,
the affected section of the tunnel was visually inspected by metro
operations staff, and the following metro train was released. No
extraordinary incidents had to be dealt with during the entire period
of blasting work.

Excavation of the base gallery

The excavation of the base gallery [1] began in June 2022. In the
first phase, the second half of the base gallery profile at a length of
ca. 44m was completed; the first half had been excavated as part
of an engineering-geological survey. The rest of the base gallery
(ca. 86m) was excavated in full profile (Fig. 4). The size of the
profile was approx. 52m? and the primary lining consisted of sprayed
concrete, two layers of 8/150 x 8/150mm KARI mesh, additional
bar reinforcement of profiles 12, 16, 20 or 25mm, and atypical
reinforcement frames made of steel sections in the bottom of the
base gallery along its entire length, in the vault mainly in the section
of the Kosov formation and near the GEMINI escalator in the Liten
formation. In other sections, classic reinforcing lattice girders were
used in the vault. The thickness of the primary lining was 550mm.
For the driven spiles, radial bolts, and face anchors, 32mm diameter
IBO self-drilling steel bolts in lengths of 6 and 8m were used. After
excavating an advance in the entire profile of the base gallery, the
lower part of the reinforcement frame was assembled first, then
fixed with sprayed concrete, and finally the rest of the reinforcement
frame was assembled in the vault. The disadvantage of steel frames
made of steel sheets was the great difficulty of properly spraying the
entire frame, so that no cavities would form in the primary lining.
Due to the smaller profile of the base gallery, smaller tunnelling
machines were used for excavation — the WIMMER Blue Badger

Obr. 4 Razba patni Stoly
Fig. 4 Excavation of the base gallery




Fig. 5 Grouting of the rock massif from the base gallery for future station excavation

polyuretant z hlediska ¢asu jejich tuhnuti po promichéani obou sloZek.
Pro kratké vrty byl ¢as tuhnuti stanoven na cca 5 min., u dlouhych
vrtd na cca 15-20 min. Kromé maximdlnich tlakii bylo projektem
stanoveno maximalni mnoZstvi injektovaného materialu pro kazdy
vrt — 10 kg na 1 bm jeho délky, aby dochazelo k co nejmensimu
ovliviiovani okoli provadénych injektazi. Pfi realizaci injektaZi byl
provadén a vyhodnocovan monitoring okoli a v pripadé nezZadoucich
ucinkd, predevsim zdvihu v misté injektdzi, byly maximélni tlaky
nebo maximalni mnozstvi injektazi redukovany. Z divodu piedpo-
kladané znacné spotfeby injektaZni smési byly jednotlivé slozky
chemie uloZeny v IBC kontejnerech, coZ zjednoduSovalo manipulaci
s ni. InjektaZ byla provadéna zpoc¢atku pomoci pneumatickych cer-
padel GX45, nasledné byla pouZzita zubova Cerpadla SK90. Celkem
pfi tlakovych injektdZich z patni Stoly bylo navrtdno 20 240 m vrtd
a bylo spotfebovano 199 143 kg dvoukomponentnich polyuretand.
Injektaze trvaly cca 2,5 mésice.

Razby kalot a ¢asti opéfi bocnich dil€ich vyrubii

Po ukonceni tlakovych chemickych injektazi z patni Stoly bylo
moZné pokracovat v raZbdch zbylych Césti stanice. Jako dalsi bylo

=
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or VOLVO ECR235 tunnel excavators and
the BERGMAN 815 dumper for excavation.
Excavation of the base gallery was completed
in February 2023. Work on pressure chemical
grouting from the base gallery then began.

Chemical grouting from the base
gallery

Two-component polyurethanes (CarboPur)
or two-component organic-mineral resins
(CarboThix) were used for chemical pressure
grouting [2]. In general, organic-mineral resins
were used for grouting as part of excavations
through driven spiles or face anchors and
polyurethanes for grouting outside of
excavations, e.g., after the base gallery was
excavated. Grouting was performed through
steel self-drilling IBO bolts with a diameter
of 32mm and various lengths from approx.
8m to 22m through the primary lining of the
base gallery. As usual, preparation for the
grouting was important, consisting of drawing
the locations of individual boreholes and
precisely marking each one of them (Fig. 5). The boreholes were
drilled and then grouted in approximately 10m long sections, with
individual boreholes gradually drilled and grouted at intervals
of roughly 4m to minimise clogging of adjacent boreholes and to
enable pressure grouting to be performed through each drilled
borehole. Depending on the length of the borehole, the maximum
grouting pressures ranged from 40 bar to 80 bar. Another important
part of the preparation for grouting was the selection of suitable
properties of two-component polyurethanes in terms of their setting
time after mixing both components. For short boreholes, the setting
time was set at approx. 5 minutes, and for long boreholes at approx.
15-20 minutes. In addition to maximum pressures, the design
specified the maximum amount of grouting material for each
borehole — 10kg per 1 running meter of borehole — to minimise the
impact on the area around grouting. During the grouting process,
the surrounding area was monitored and evaluated, and in the event
of undesirable effects, especially uplift at the grouting site, the
maximum pressures or maximum grout quantities were reduced. Due
to the significant amount of grout mixture expected to be consumed,
the individual chemical components were stored in IBC containers,

Obr. 6 Razby kalot boénich vyrubii (panoramaticky snimek)
Fig. 6 Excavation of side sequence top headings (panoramic picture)
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nutné vyrazit kaloty bocnich dil¢ich
vyrubl (obr. 6). Tyto raZby probihaly
ze zafizeni stavenist¢ PAD4 pres Sach-
tu s maximdlnim pficnym primérem
7 m. Z tohoto divodu ani zde nebylo
mozné pouZit pro razbu razici stroje
standardni velikosti. Opét byl pouzit
tunelbagr WIMMER Bluebadger nebo
VOLVO ECR235, jako vrtaci viz byl
pouzit EPIROC S2 a pro stifkany beton
MEYCO POCA. Razba byla zahijena
v kvétnu 2023 z casti jiZz vyraZzeného
prestupného tunelu. Z divodu omezené
kapacity Sachty a v podzemi byla nej-
dfive vyrazena kalota pravého dil¢iho
vyrubu, poté kalota levého dil¢iho vy-
rubu a ndsledné obdobné Casti opéii I
—viz obr. 2. Pro vyztuZeni byly pouzity
standartn€ stiikany beton, dvé vrstvy
KARI siti 8/150 x 8/150 mm, piidavna
tyCova vyztuz profild 12, 16, 20 nebo
25 mm, vyztuzné piihradové ramy
a jako tyCové vyztuZovaci prvky oce-
lové samozavrtné tyce IBO priaméru
32 mm a 51 mm. Celba byla délena na
kalotu a dno kaloty, resp. opéfi I a dno
opéfi I s tim, Ze maximalni odstup byl
6 m u kaloty a 8 m u opéfi I. Tloustka
primarniho osténi kaloty, resp. opéfi I,
byla 550 mm a dna kaloty, resp. dna
opéti I, 450 mm. Délka zabéru u kaloty
byla 1 m, dna kaloty a opéfi 12 m a dna
opéiil4 m.

Razby zbylych casti stanice
Pankrac D

Po ukonceni razeb opéri I doslo
z prot&jsi strany tunelu obratovych ko-
leji k propojeni se zafizenim stavenisté
PADIDb, kde je umisténa Sachta s pfic-
nym profilem cca 20 m. Razby zbylych
profila stanice [3], [4], [S] mohly byt
razeny pomoci razicich strojii standart-
nich velikosti, tj. tunelbagrem VOLVO
ECR355 nebo Liebherr 950, vrtaci viz
byl pouzit EPIROC E2C a pro stiikany
beton MEYCO POTENZA. Ziroven
bylo mozné razit zbylé Casti bo¢nich
dil¢ich vyrubl v soub&hu. Takto byly
postupné vyraZeny zbylé casti ka-
lot a opéfi I (obr. 7) a na celou délku
profily opéfi II a dna bocnich vyrubi
(obr. 8).

V misté dorazby kalot byla vyraZena
¢ast prestupového tunelu z inZenyrsko-
geologického prizkumu, tento prostor
musel byt zalit vypliiovym betonem.
Na zaliti byl pouzit beton TERRA-
FLOW 5 — garantovana pevnost vypl-
nového betonu byla min. 5 MPa. Zaliti
bylo ohrani¢eno docasnymi ZB sténa-
mi ze stfikaného betonu a KARI siti
s navrtanymi trny z ocelovych IBO ty¢i
praméru 32 mm. Zalévani probihalo po

Obr. 7 Razba opéri 1
Fig. 7 Bench I excavation

Obr. 8 Razba opéii 1l a dna
Fig. 8 Bench II and invert excavation

TuNel

which simplified their handling. The
grouting was initially carried out using
GX45 pneumatic pumps, followed by
SK90 gear pumps. A total of 20,240m
of boreholes were drilled during
pressure grouting from the base gallery,
and 199,143kg of two-component
polyurethanes were used. The grouting
took approximately 2.5 months.

Excavation of top headings
and parts of bench of side
excavation sequences

After completing the pressure
chemical grouting from the base gallery,
it was possible to continue excavating
the remaining parts of the station.
Next, it was necessary to excavate the
top headings of the side excavation
sequences (Fig. 6). These excavations
were carried out from the PAD4
construction site facility via a shaft with
a maximum diameter of 7m. For this
reason, it was again not possible to use
standard-sized excavation machinery
for the excavation. Once again, the
WIMMER Blue Badger or VOLVO
ECR235 tunnel excavators, the EPIROC
S2 drilling rig, and the MEYCO POCA
concrete spraying machine were used.
Excavation began in May 2023 from
the already excavated transfer tunnel.
Due to limited capacity underground
and in the shaft, the top heading of the
right-hand excavation sequence was
excavated first, followed by the top
heading of the left-hand excavation
sequence, and then similarly parts of
the first bench — see Fig. 2. Used as
reinforcement was sprayed concrete,
two layers of 8/150 x 8/150mm KARI
mesh, additional bar reinforcement with
12, 16, 20, or 25mm profiles, lattice
girders, and IBO self-drilling steel bolts
with a diameter of 32mm and 51mm as
rod supporting elements. The face was
divided into the top heading and the
invert of the top heading, bench I and
the invert of bench I, with a maximum
distance of 6m for the top heading and
8m for bench I. The thickness of the
primary lining of the top heading and
bench I was 550mm and the invert of
the top heading or the invert of bench I
was 450mm. The length of an advance
of the top heading was 1m, the invert of
the top heading along with bench I 2m,
and the invert of bench I 4m.

Excavation of the remaining
parts of the Pankrac D station
After finishing the excavation of the
first bench, a connection was made
from the opposite side of the turnaround
tunnel with the PADI1b construction




Obr. 9 Razba kaloty stiedniho dilctho vyrubu
Fig. 9 Central sequence top heading excavation

vrstvéach tloustky cca 1,5 m. Celkem bylo pouZito cca 1000 m? vypl-
nového betonu. Po vyrazeni opéri I byla provedena razba propojky
mezi obéma bo¢nimi vyruby v trovni pravé tohoto profilu, aby byl
mezi nimi zachovan pristup. Profily opéfi I a dna byly nakonec ra-
Zeny spolecné, se zabérem 2 az 3 m. Tim doSlo k propojeni bo¢nich
vyrubl s osténim patni Stoly ve dné stanice. Nasledné mohly zacit
prace na razbg kaloty stfedniho vyrubu. DilleZitou soucdsti razeb
bylo zachovéni ur¢itého mnoZstvi rubaniny ve stanici tak, aby bylo
mozné provadét razby v riznych vyskovych trovnich, tj. po doraz-
beé opéfi II a dna bylo nutné ponechat ¢ast rubaniny ve stanici pro
naslednou razbu kaloty stfedniho vyrubu, kterda byla v drovni cca
12 m ode dna stanice.

Razba kaloty stfedniho vyrubu byla zahijena postupnym roz-
raZenim z osténi levého dil¢itho vyrubu smérem k pravému. Toto
rozfarani probéhlo na délku cca 7 m, aby doslo k propojeni celého
profilu stanice. Potom uZ razba probihala se standardnim postupem
(obr. 9). Odstup razby kaloty stfedniho vyrubu od moznosti zahdjit
vybourani docasnych vnitnich st€n bo¢nich vyrubd byl min. 6 m.
Dle projektu bylo mozné vybourat doCasné stény za celbou kaloty
v délce zdbéru 2 m a maximalné 4 m za den, dalsi bourani bylo moz-
né po technologické prestdvce min. 24 hodin. Po vyraZeni dalSich
cca 20 m kaloty stfedniho vyrubu bylo mozné toto rozfarani zpétné
dorazit a propojit se zbylou ¢asti kaloty stiedniho vyrubu. Rozfarani
bylo situované do ¢asti stanice s nejlepsi geologii a co nejdal od po-
vrchovych objekti, pfedev§im od budovy GEMINI a provozované
linky metra C.

V dobé€ psani tohoto ¢lanku (leden 2026) zbyvé dorazit cca 50 m
kaloty stiedniho vyrubu, vétsi cast razby jadra stiedniho dil¢iho vy-
rubu a dokoncit bourdni vnitinich doc¢asnych konstrukci. Nakonec
bude vyraZzen na cca 12 m délky stanice profil prohloubeni v Siice

Yoy

celého dna pro kabelové kiiZeni a prostor pro ¢erpaci jimku.

Zesilené primarni osténi stanice Pankrac D

V misté kiiZeni stanice s budoucim pfestupovym tunelem, presné
pod provozovanou linkou metra C, navrhl ze statickych divodu ban-
sky projektant zesilené primarni osténi. Zesilené osténi bylo prove-
deno v délce cca 20 m. Razba v téchto mistech byla z tohoto divodu
nadvysend o tloustku 550 mm. Na vyztuZeni zesileného osténi byly
pouZzity tfi vrstvy KARI siti 8/150 x 8/150 mm, stfkany beton, pii-

davna tyCova vyztuz priméru 16 mm a sprahovaci trny z ocelovych
samozavrtnych IBO ty¢i priméru 32 mm délky 1,5 m (obr. 10).

35. rocnik - €. 2/2026

site facility, where a shaft with a diameter of
approximately 20m is located. The remaining
station profiles [3], [4], [5] could be excavated
using standard-sized excavation machinery, i.e.,
the VOLVO ECR355 or Liebherr 950 tunnel
excavators, the EPIROC E2C drilling rig, and
the MEYCO POTENZA concrete spraying
machine. At the same time, it was possible
to excavate the remaining parts of the side
excavation sequences concurrently. This way,
the remaining parts of the top headings and first
benches were gradually excavated (Fig. 7), and
the entire length of the second benches and the
inverts of the side excavations (Fig. 8).

At the point where the excavation of
the top heading was finished, a section of
the transfer tunnel from the engineering-
geological survey was excavated, and this
space had to be filled with infill concrete.
TERRAFLOW 5 infill concrete was used
for the filling, with a guaranteed strength of
the infill concrete being at least SMPa. The
filling was confined by temporary reinforced
concrete walls made of sprayed concrete and KARI meshes with
studs drilled from 32mm diameter steel IBO rods. The filling
was carried out in approximately 1.5m thick layers. A total of
ca. 1000m* of infill concrete was used. After excavating the
first bench, a cross passage was excavated between the two side
excavations at the level of this profile to maintain access between
them. The profiles of bench II and the invert were finally excavated
together with an advance of 2 to 3m. This connected the side
excavations with the lining of the base gallery at the bottom of
the station. Subsequently, work on excavations of the top heading
of the middle excavation sequence could begin. An important
part of the excavation was to preserve a certain amount of muck
in the station so that excavation could be carried out at different
height levels, i.e., after the excavations of the second bench and the
invert, it was necessary to leave part of the muck in the station for
the subsequent excavation of the middle excavation top heading,
which was at a level of approximately 12m from the bottom of the
station.

The excavation of the middle excavation top heading began with
gradual breaking from the lining of the left partial excavation towards
the right. This breaking took place over a length of approx. 7m, so
that the entire profile of the station was connected. The excavation
then continued according to the standard procedure (Fig. 9).
The distance between the excavation of the middle excavation
top heading and the possibility of starting the demolition of the
temporary internal walls of the side excavations was at least 6m.
According to the project, it was possible to demolish the temporary
walls behind the top heading face at a length of a 2m advance and
a maximum of 4m per day, with further demolition only possible
after a technological pause of at least 24 hours. After breaking out
another approx. 20m of the central excavation top heading, it was
possible to retroactively finish this breakout and connect it to the
remaining part of the central excavation top heading. The breakout
was situated in the part of the station with the best geology and
as far as possible from surface structures, especially the GEMINI
building and the operated metro C line.

At the time of writing this article (January 2026), approximately
50m of the central excavation top heading remains to be completed,
as well as a larger part of the core sequence of the central partial
excavation and the demolition of internal temporary structures.
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Obr. 10 Zesilené osténi stanice v misté prestupového tunelu
Fig. 10 Thickened station lining at the transfer tunnel

ZAVER

Razba jednolodni stanice Pankrdc D s pri¢nym profilem kolem
400 m? ve slozitych geotechnickych podminkach, v t&sné blizkos-
ti provozované linky metra C u stejnojmenné stanice, v blizkosti
dalSich nadzemnich (napf. budova GEMINI) a podzemnich (napt.
kabelovy tunel PRE) objektli, vyZzadovala velmi tzkou spolupréci
vSech zicastnénych na stavbé: od projektanta, pfes monitoring, do-
zor investora a samotného investora, tak i zhotovitele. Zaroven byly
provadeény kontroly pfislusného banského uradu a kontroly projekto-
vé dokumentace odbornymi znalci. V prvnich fazich stavby se tento
ukol jevil jako té€Zko proveditelny. AZ vysledky inZenyrskogeologic-
kého prizkumu a nésledné technické feSeni, spocivajici predevsim
v pouziti chemickych tlakovych injektazi, ale i pouZiti chemické
smési jako vypln€ pro vSechny vyztuzovaci prvky, pfinasely uklid-
néni. Avsak ti, ktefi se podileji na razbach tuneld, védi, Ze toto
uklidnéni nastava aZ po ukonceni razeb. Razba stanice Pankrdc D
vyzadovala velkou peclivost, pfesnost a zkuSenosti razi¢skych osa-
dek s dikladnym dodrzovanim technologické kdzné. Z dvodu vel-
ké tloustky primarniho osténi 550 mm dochazelo ke vzniku dutin
na rozhrani s vyrubem u postaveného piihradového ramu a pro jejich
minimalizaci bylo nutné tyto dutiny dostfikdvat po vyrazeni zdbéru
jesté pred postavenim dalstho vyztuzného prihradového ramu.

VACLAV ANDEL, vandel@subterra.cz,
Ing. STEFAN IVOR, sivor@subterra.cz, Subterra a.s.

Recenzoval Reviewed by: Ing. Martin Cermdk

LITERATURA / REFERENCES

Tuel

Finally, a 12m long deepened profile will be
excavated across the entire width of the invert
for cable crossings and space for a pumping
sump.

Thickened primary lining of the
Pankrac D station

At the intersection of the station with the
future transfer tunnel, directly beneath the
operated metro C line, the mine engineer
designed thicker primary lining for structural
reasons. The thickened lining was constructed
over a length of approximately 20m. For this
reason, the excavation in these areas was raised
by 550mm. Three layers of 8/150 x 8/150mm
KARI mesh, sprayed concrete, additional bar
reinforcement with a diameter of 16mm, and
coupling studs made of self-drilling IBO steel
rods with a diameter of 32mm and a length
of 1.5m were used to reinforce the lining
(Fig. 10).

CONCLUSION

The excavation of the single-vault Pankrac D station with a cross-
section of approximately 400m? in complex geotechnical conditions,
in close proximity to the operational metro C line at the station of
the same name, and in the vicinity of other above-ground (e.g., the
GEMINI building) and underground structures (e.g., the PRE utility
tunnel) required very close cooperation between all parties involved
in the construction: from the designer, through monitoring, investor
supervision, and the investor, to the contractor. At the same time,
the relevant mining authority and experts in project documentation
carried out inspections. In the early stages of construction, this
task seemed difficult to accomplish. It was only the results of
the engineering-geological survey and the subsequent technical
solution, primarily in the use of chemical pressure grouting but also
chemical mixtures as fillers for all support elements, that provided
reassurance. But those involved in tunnel excavation know that
this reassurance only comes after the excavation is complete. The
excavation of the Pankric D station required great care, precision, and
experience on the part of the excavation crews, with strict adherence
to technological discipline. Due to the large thickness of the primary
lining at 550mm, cavities formed at the interface with the excavation
at the constructed lattice girder, and in order to minimise them, it was
necessary to spray these cavities after excavating the next advance
and before constructing the next lattice girder.

VACLAV ANDEL, vandel@subterra.cz,
Ing. STEFAN IVOR, sivor@subterra.cz, Subterra a.s.
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REALIZACE ESKALATOROVEHO TUNELU GEMINI
CONSTRUCTION OF THE GEMINI ESCALATOR TUNNEL

SIMON DOUBEK, JIRi BRICHNAC

ABSTRAKT

Cldnek se pokousi pribliZit postup vystavby eskaldtorového tunelu Gemini, ktery je soucdsti vystavby linky D praZského metra a je jed-
nim z celkem tii eskaldtorovych tunelit umoZiiujicich vystup ze stanice Pankrdc D. Je popsdna kompletni realizace objektu od raZby pres
instalaci hydroizolacniho souvrstvi aZ po betond? sekunddrniho osténi spodni i horni klenby. V iivodu strucné popisuje nezbytné pripravné
prdce v oblasti projekcnich praci ve vazbé na geologickym priizkumem ovérené metody razby v této lokalité. Projekcni prdace mély primy
vliv na zvoleny zpiisob razby a pouZitou mechanizaci. Pro Sikmou dovrchni razbu eskaldtorového tunelu byl vyvinut prototyp pracovni
plosiny. Cldnek ddle popisuje geologické podminky této lokality, postup a technologii razby eskaldtorového tunelu ovlivnéného moZnosti
pristupu pouze ze spodni cdsti. V pritbéhu raZeb byla v prostoru tohoto objektu zjisténa kontaminace horninového masivu a podzemni vody
ropnymi ldatkami, coZ mélo za ndsledek dalsi ztiZeni samotnych praci a zménu hydroizolacniho systému, véetné systému pojistnych injektdzi

oo

a injektdZi tésnicich. V zdveru cldanku jsou shrnuty alternativni reSeni tohoto objektu.

ABSTRACT

The article attempts to describe the course of construction of the Gemini escalator tunnel, which is a part of the construction of the Metro
D line in Prague and is one of three escalator tunnels enabling an exit from the Pankrdc D station. The entire execution of the structure is
described, from excavations, through waterproofing layers installation to the concreting of secondary lining in the lower and upper vault.
To introduce, the article briefly describes the necessary preparatory work for the design tied to excavation methods verified by a geology
survey at this location. The design work had a direct impact on the chosen method of excavation and the used mechanisation. For a sloped
uphill drive of the escalator tunnel, a prototype work platform was developed. The article then describes the geological conditions of
this location, the course, and the excavation technology of the escalator tunnel, which is accessible only from its lower part. During
excavations, contamination by crude oil substances was discovered in the rock massif and the groundwater, which resulted in further
obstacles for the work itself and a change in the waterproofing system, including a system of safety and permeation grouting. To conclude,

alternative solutions to this structure are summarised.

uvob

V ramci vystavby nové linky metra D v Praze vznikne také pte-
stupni stanice Pankric D, kterd ve své jizni ¢asti Sikmo podchazi
trafové tunely linky C. Spolecnost Subterra a.s., jakoZto vedouci
ucastnik sdruzeni dodavatelskych firem, provadi kompletni realizaci
stanice Pankrac D, a to v€etné vSech souvisejicich stavebnich objek-
ti. Jednim z vystupti na povrch ze stanice Pankrac D je i eskalatoro-
vy tunel a piestupni chodba Gemini [1]. Specifikem tohoto objektu je
moznost pouze dovrchni razby ze stanice smérem k povrchu, protoze
v nadloZi byla v minulosti vystavéna administrativni budova Gemini.
Tato stavba se Sesti nadzemnimi a dvéma podzemnimi podlazimi ma
ve svych podzemnich podlaZich zarodek vyusténi eskalatorového tu-
nelu do podzemniho vestibulu.

PRIPRAVNE A PROJEKCNI PRACE RAZBY

Zadévaci dokumentace zakdzky na vystavbu linky metra D byla
zhotovena v roce 2018. Pfed samotnym zahdjenim vystavby probi-
hal inZenyrskogeologicky prizkum oblasti, pfi némzZ byly ovéfova-
ny metody zlepSovéni horninového prostiedi. Zejména se osvédcila
predstihova chemickd injektaz, ktera nejen zlepsila kvalitu horni-
nového prostedi pro samotnou razbu, ale zaroven utésnila prostor
razby proti nadmérnym prasakim podzemni vody. Tyto poznatky
byly nasledné pfi zpracovani projektové dokumentace pro realizaci
stavby vzaty v tivahu a diky nim bylo mozné zménit filozofii razby
objektu eskalatorového tunelu Gemini.

V ptvodni projektové dokumentaci z roku 2018 byla razba feSe-
na vyuzitim Nové rakouské tunelovaci metody s horizontalnim cle-
nénim vyrubu na kalotu, opéfi a dno, pri ¢emz kalota byla svisle
¢lenéna na levy a pravy dil¢i vyrub. Pristropi kaloty bylo zajiSténo

INTRODUCTION

Within the construction of the new Metro D line in Prague, the
Pankrac D transfer station will also be created, which is routed at
an angle underneath the track tunnels of the C line in its southern
part. The company Subterra a.s., as the leading member of an
association of contractor companies, is carrying out the entire
realisation of the Pankrac D station, including all related building
structures. One of the exits to the surface from the Pankrac D station
is also the Gemini escalator tunnel and transfer corridor [1].
A particularity of this structure is the only option of an uphill
drive from the station towards the surface, since the Gemini
administrative building was constructed in the overburden in the
past. This building with six above-ground and two below-ground
storeys has a starting point for the escalator tunnel exit into the
subsurface vestibule.

EXCAVATION PREPARATION AND DESIGN

Tender documentation for the contract of the Metro D line
construction was completed in 2018. Before the commencement
of the excavations themselves, an engineering geology survey
of the area took place, during which methods for rock massif
improvement were verified. The method that proved itself the
most was chemical grouting performed in advance, which not
only increased the quality of the rock massif for the excavation
itself, but also sealed the space of the excavation from excessive
groundwater seepage. These findings were then taken into
consideration while creating the design for the realisation of the
construction, and thanks to them, it was possible to change the
excavation philosophy for the Gemini escalator tunnel structure.
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In the original design docu-
mentation from 2018, the
excavation was dealt with
utilising the New Austrian
tunnelling method with ho-
rizontal excavation sequencing
into a top heading, bench, and
an invert, whilst the top heading
was vertically sequenced into

a left and right partial excavation
sequence. The ceiling of the top
heading was secured by two rows
of micropile (MP) umbrellas
consisting of @ 127mm pipes

with a wall thickness of 12mm,
drilled at a length of 10m into
a gradually larger excavation,

zdroj METROPROJEKT Praha a.s. source METROPROJEKT Praha a.s.

Obr. 1 Podélny rez prestupni chodbou a eskaldtorovym tunelem Gemini

Fig. 1 Longitudinal section of the transfer corridor and Gemini escalator tunnel

dvouradymi mikropilotovymi (MP) deStniky z trubek @ 127 mm
s tloustkou stény 12 mm, vrtanymi na délku 10 m do postupné se
zvétSujiciho vyrubu, tzv. ,kaplicek®. V kazdé ,kaplicce” bylo pro-
vedeno nejvyse osm zabér razby maximalni délky 0,8 m. Prekryv
MP destnikd byl cca 3,5 m. Tloustka osténi ze stiikaného betonu
byla navrZzena 350 mm se dvéma vrstvami svafovanych siti 8 x 8 /
150 x 150 mm a vyztuZnym rdmem v kazdém kroku.

Diky zapracovani poznatkil z inZenyrskogeologického priizku-
mu bylo mozné pri realizaci zménit ¢lenéni vyrubu na horizontdlni
s kalotou s provizorni rozpémou deskou a protiklenbou. Zajisténi
pristropi a zlepSeni horninového prostiedi bylo provedeno predsti-
hovou chemickou injektdzi, kterd byla provadéna vrty vystrojeny-
mi samozavrtnymi svorniky délky 8,0 m v kazdém ctvrtém zébéru
(obr. 1).

Zhotovitel zahajil v pfedstihu 1,5 roku pred zacitkem razi¢skych
praci vyvoj prototypu plosiny pro dovrchni razbu eskalatorového tu-
nelu. Diky usili mnoha odborniki z riznych odvétvi bylo nakonec ze
dvou variantnich feSeni zvoleno jedno, které umoziovalo bezpecné
provadét razbu kaloty z hydraulicky ovladané plosiny, na které se
mohly vystfidat v§echny stroje nutné pro provedeni a zajisténi vy-
rubu v kazdém kroku razby. Plosina byla navrZena s nosnosti 25 tun
s rezervou na dynamické ucinky piipadného padu horniny na ploSinu.
Béhem vyvoje plosiny bylo nutné skloubit mnoho faktord a odbor-
nosti. Zejména §lo o vyvoj hydraulického posunu, elektroinstalace
Cidel zabezpecovacich prvki, programovani ovladani s pfihlédnutim
k eliminaci lidské chyby pfi posunu plosiny, navrh ochrannych prvki
pro bezpec¢ny pohyb personalu po plosin€ a pti prechodu do nezajis-
t€ného vyrubu, soulad stroje s legislativou pro vyuZiti pfi ¢innosti
provadéné hornickym zptisobem. Pri feSeni vSech téchto poZadavku
dochazelo Casto k protichidnym potiebam, takze bylo nutné volit
mezi vice feSenimi a podle pofadi priorit. Samotny technicky navrh
plosiny trval 12 mésict. Dalsich 6 mésict trvala vyroba a zkuSebni
provoz u vyrobce.

GEOLOGICKE POMERY

Z geologického hlediska razené objekty realizované ze zafizeni
staveniSt¢ PAD1b smérem ke stanici Pankric D prochazi pres jadro
synklindly budované silurskymi horninami zastoupenymi kopanin-
skym a litefiskym souvrstvim. BliZe ke stanici Pankrdc D nastupuje
souvrstvi litefiské. Razba prestupni chodby a eskaldtorového tune-
Iu byla vedena literiskym souvrstvim. Litefiské souvrstvi je tvore-
no tmaveé Sedymi az Cernymi jilovitymi aZ prachovitymi vapnitymi

the so-called “chapels”. In each
“chapel”, no more than eight
excavation advances were carried
out with a maximum length of 0.8m. The overlap of MP umbrellas
was ca. 3.5m. The thickness of the sprayed concrete lining was
designed at 350mm with two layers of 8§ x 8 / 150 x 150mm
welded mesh and a lattice girder in each advance. Thanks to the
incorporation of knowledge gathered in the engineering geology
survey, it was possible to change the excavation sequencing
during the realisation into a horizontal one with a top heading,
a temporary bracing slab, and an invert. The securing of the ceiling
and improvement of the rock environment were carried out using
chemical grouting in advance, which was performed through
boreholes equipped with self-drilling face bolts 8.0m in length in
every fourth advance (Fig. 1).

With a head start of 1.5 years before the commencement of
excavation works, the contractor initiated the development of
a prototype platform for the uphill drive of the escalator tunnel.
Thanks to the effort of many experts from various branches, in
the end, from two solution options, the selected one enabled the
safe execution of the top heading excavation from a hydraulically
operated platform, on which all the machines necessary to carry
out and secure the excavation in each excavation advance could
take turns. The platform was designed with a load-bearing capacity
of 25 tons and a reserve for the dynamic effects of rock potentially
falling onto the platform. Over the course of platform development,
it was necessary to combine many factors and specialities. Mainly
it was the case of developing the hydraulic movement, wiring for
sensors of safety components, programming of controls that factor
in the elimination of human error whilst moving the platform, the
design of safety elements for safe movement of personnel on the
platform and during the movement to the unsecured excavation,
and conformity of the machine with legislation for usage during
activities carried out in a mining-like way. Often, while addressing
all these requirements, contradictory needs arose, so it was vital to
choose between multiple solutions based on the order of priorities.
The technical design of the platform itself lasted 12 months. It
took the next 6 months to construct and test it at the manufacturer.

GEOLOGICAL CONDITIONS

From a geological standpoint, the excavated structures realised
from the PADI1b construction site facility towards the Pankric
D station come across the core of a syncline consisting of Silurian
rock represented by the Kopaniny and Liteni formations. Closer




bridlicemi a ve své svrchni ¢asti obsa-
huje Casté polohy a cocky velmi pev-
nych vapencii. Casté jsou také polohy
tufitd. Celkovd mocnost litefiského
souvrstvi je cca 30—80 m. Vlastni bii-
dlice jsou tence deskovité vrstevnaté
s velmi hojnou graptolitovou faunou
na vrstevnich plochach. Vrstevnatost
je Casto neznatelnd a jako hlavni pre-
disponované plochy rozpadu se uplat-
fuji pukliny.

RAZBA ESKALATOROVEHO
TUNELU

Samotny stavebni objekt SO 11-24
Prestupni chodba a eskalatorovy
tunel Gemini* je tvoren kratkou pre-
stupni chodbou délky 19,39 m s plo-
chou vyrubu 94,59 m2 Pfestupni
chodba je vedena v oblouku a kolmo
se napojuje na vyrub jednolodni sta-
nice Pankrac D. V podélném sméru
prestupni chodba od stanice stoupa
ve sklonu 0,5 %. Vyrub byl horizon-
talné Clenén na kalotu a dno. Samotna razba probihala standardni
strojni sestavou pro razbu velkych profild, pomoci vrtaciho vozu
Rocket Boomer E2C, tunelbagru Liebherr 950, kolového nakladace
Volvo 120, manipulatoru na stfikany beton Meyco Potenza a vysoko-
zdvizné plosiny DC 16/HL. Razba prestupni chodby byla z divodu
nadzemnich objekt v nadloZi zafazena do vystrojovaci tfidy TT 5b.
Vystrojovaci tiida predepisovala razbu s délkou zabéru max. 1,0 m
s osténim ze stifkaného betonu tloustky 350 mm vyztuZeného dvéma
vrstvami svafovanych siti 8 x 8 / 150 x 150 mm, prutovymi piiloz-
kami @ 16 mm a vyztuznym piihradovym ramem v kazdém zabéru.
Zlepseni horninového prostredi bylo provadéno pomoci injektaze do
predpoli razby vrty vystrojenymi samozavrtnymi ty¢emi IBO R32
délky 8,0 m v kazdém Ctvrtém zabéru. Vrty byly tlakové injekto-
vany organicko-minerdlni pryskyfici. Parametry tlakové injektaze
byly nastaveny spotfebou pryskyfice 10 kg/m vrtu nebo dosaZzenim
injek¢niho tlaku 60 bar (méfeno hned za cerpadlem). Injektaz byla
ukoncena pri dosaZeni jednoho z vySe uvedenych parametrii. Pfi-
stropi vyrubu bylo zajiSténo injektovanymi jehlami ze samozavrt-
nych ty¢i IBO R32 délky 6 m v kazdém druhém zébéru, které byly
rovnéz tlakoveé injektovany s parametry injektdZze danymi spotfebou
pryskyfice 15 kg/m vrtu nebo dosaZenim injek¢niho tlaku 60 bar.
Razba byla zahdjena 15. 3. 2025 a v obou vyrubech byla dokoncena
k 5. 4.2025 (obr. 2). Nésledovaly pfipravy pro zahdjeni razby Sikmé
casti eskalatorového tunelu, ktera je dlouhd 22,27 m a mé plochu
vyrubu 105,13 m?. Eskalatorovy tunel byl raZen dovrchné ve sklonu
30°. Zhotovitel zvolil moZnost razby zhruba 10 m kaloty Sikmé ¢asti
strojni sestavou vyuZzitou pfi razbé prestupni chodby. Nasledné byla
vybetonovana provizorni Zelezobetonova rozpérna deska dna kaloty.
Tloustka desky byla 400 mm a byla vyztuZena dvéma vrstvami sva-
fovanych siti 8 x 8 / 150 x 150 mm s pfi¢nymi pfilozkami @ 16 mm
s dalsi ptfidavnou smykovou vyztuZi v oblasti ukotveni dvou ozube-
nych kolejnic pro posun ploSiny pro Sikmou dovrchni razbu eskala-
torového tunelu.

Pred samotnou montdZzi ploSiny pro razbu Sikmé casti bylo nut-
né instalovat zadvésnou drazku pod strop prestupni chodby. Tvofena
byla dvéma ocelovymi nosniky a umoziiovala posun tézkych dila
ploSiny smérem k Celbé. Mechanizace méla pfistup k montdzi pou-

ze z prestupni chodby. Nosnost kazdé drazky byla max. 10,5 tuny.
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Obr. 2 Zahdjeni raZby kaloty prestupni chodby
Fig. 2 Excavation commencement of the transfer corridor top heading

towards the Pankrdc D station, the Liteni formation appears. The
excavation of the transfer corridor and escalator tunnel was routed
through the Liteni formation. It is formed by dark grey to black
clayey to silty lime slates, and in its upper section, it contains
frequent attitudes and lentils of very sturdy limestones. Also
frequent are attitudes of tuffites. The total thickness of the Liten
formation is ca. 30-80m. The slates themselves have thin platy
bedding with a very abundant graptolite fauna on bedding planes.
The bedding is frequently imperceptible, and the main predisposed
decay planes are crevices.

ESCALATOR TUNNEL EXCAVATION

The SO 11-24 “Gemini transfer corridor and escalator tunnel”
building structure itself is formed by a short transfer corridor
19.39m in length with an area of excavation of 94.59m?. The
transfer corridor is led in a curve, and it connects perpendicularly
to the excavation of the single-vault Pankric D station. In
the longitudinal direction, the transfer corridor ascends from
the station at a slope of 0.5%. The excavation was sequenced
horizontally into a top heading and an invert. The excavation itself
was carried out with standard machinery for the excavation of large
profiles, so with a Rocket Boomer E2C drilling rig, a Liebherr 950
tunnel excavator, a Volvo 120 wheeled loader, a Meyco Potenza
concrete spraying machine, and a DC 16/HL telescopic service
basket. The excavation of the transfer corridor was classified as
TT 5b due to surface buildings in the overburden. The support
class prescribed excavation with a maximum advance length of
1.0m and 350mm sprayed concrete lining, reinforced with two
layers of 8 x 8 /150 x 150mm welded mesh, @ 16mm splice bars,
and reinforcing lattice girders in each advance. The improvement
of the rock massif was carried out by means of pre-excavation
grouting with boreholes equipped with IBO R32 self-drilling steel
face bolts 8.0m in length every fourth advance. The bores were
grouted at pressure with organic mineral resin. Pressure grouting
parameters were set by resin consumption of 10kg per bored meter
or by reaching a grouting pressure of 60bar (gauged right after
the pump). The grouting was terminated when reaching one of
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Obr. 3 Osazend zdvésnd drdzka a ozubené kolejnice pro montdz ploSiny
Fig. 3 Fastened suspension groove and cogged rails for platform assembly

Nasledovalo osazeni tvodnich 8 m dlouhych ozubenych kolejnic pro
pojezd ploSiny (obr. 3). Kotveni do rozpémné desky vyZadovalo ja-
drové vrty pro kazdy kotevni bod. Kotevni body byly tvofeny zavito-
vou ty¢i M30 s minimalni kotevni délkou 250 mm. Kazda kolejnice
byla kotvena dvéma trny po strandch, a to po 1 m délky.

Samotna montaZ plosiny, véetn€ zapojeni hydrauliky a elektrické-
ho ovladani, trvala 21 dni. Po dokonceni montiZe bylo nutné zbu-
dovat sypany ndjezd k plosiné, ktery byl ze strany ploSiny zapazen
betonovymi panely. Tak vznikl nejen dojezd ploSiny nutny pro vy-
meénu strojd, ale i retencni prostor pro rubaninu, ktera pri razbé pro-
padévala pod ploSinou aZ do tohoto prostoru.

Po dokonceni vSech téchto pfipravnych praci bylo mozné zahajit
razbu zbylé ¢asti eskalatorového tunelu o délce 12,2 m. Délka razby
se jevi jako kratkd, nicméné bez instalace ploSiny pro Sikmy posun
by byla i takto kratka vzdalenost razby neproveditelna.

Zbyla razba probihala ve vystrojovaci tfidé TT 5b se shodnym za-
jisténim vyrubu jako u prestupni chodby, véetné predstihové tlakové
injektaZe. Po dokonceni dvou zdbérti kaloty byla vzdy betonovana
lamela Zelezobetonové rozpérné desky. Pred samotnou betonazi roz-
pérné desky byly osazeny kolejnice pro pojezd ploSiny s kotevnimi
trny. BetonaZzi desky byly trny zality, ¢imZ odpadlo zdlouhavé jadro-
vé vrtani kotevnich trni kolejnic do rozpérné desky. Kolejnice bylo
mozné prodluzovat po usecich délky 1,0 m. Razba kaloty a7 na styk
eskalatorového tunelu s objektem Gemini probihala v obdobi 8. 6.
az 7. 7. 2025. Provadéna byla strojni sestavou tvorenou rypadlem
Avesco TB 20 (véha stroje 20 tun), vrtaci soupravou Boomer S2
a manipuldtorem na stfikany beton Meyco Oruga spolu s cerpadlem
betonové smesi Meyco Suprema. Zajimavosti razby je zejména auto-
maticky pohyb plosiny v jednotlivych krocich délky 1,0 m s moZnos-
ti zkratit krok na 0,5 m (obr. 4a). Pohyb ploSiny umozZiiovaly tii pary
hydraulickych vélci. Dva pary valct zajisfovaly uchyceni plosiny

Tuel

the above-mentioned parameters. The ceiling of the excavation
was secured by grouted IBO R32 self-drilling spiles 6m in length
in every second advance, whilst also being grouted at pressure
with grouting parameters given by resin consumption of 15kg
per bored meter or by reaching a grouting pressure of 60bar. The
excavation was started on 15/03/2025 and in both excavations
finished by 05/04/2025 (Fig. 2). Following were preparations
for the commencement of excavation of the oblique escalator
tunnel section, which is 22.27m long with an area of excavation
of 105.13m?. The escalator tunnel was excavated uphill at an
angle of 30°. The contractor chose the option of excavating an
approximately 10m long section of the sloped top heading with the
machinery used for the excavation of the transfer corridor. Then,
a temporary reinforced concrete bracing slab was poured for the
invert of the top heading. The thickness of the slab was 400mm,
and it was reinforced by two layers of 8 x 8 / 150 x 150mm welded
mesh with transverse @ 16mm splice bars and additional shear
reinforcement near the anchoring area of two cogged rails for the
movement of the platform for the inclined uphill drive.

Before assembly of the platform for the oblique section
excavation itself, it was necessary to install a suspension groove
below the ceiling of the transfer corridor. It was formed by two
steel beams, and it allowed the movement of heavy components of
the platform towards the face. The assembly was accessible for the
mechanisation only from the transfer corridor. The load-bearing
capacity of each groove was 10.5 tons. The mounting of initial
8m long cogged rails for the movement of the platform ensued
(Fig. 3). Anchoring into the bracing slab required core bores for
each anchoring point. The anchoring points were made up from an
M30 threaded rod with a minimum anchoring length of 250mm.

zdroj archiv Subterra a.s. source Subterra a.s. archive
Obr. 4a Razba kaloty eskaldtorového tunelu z plosiny
Fig. 4a Excavation of the escalator tunnel top heading from the platform




Obr. 4b Razba spodni klenby eskaldtorového tunelu
Fig. 4b Excavation of the escalator tunnel lower invert

pri pohybu vzhtru nebo dold, jeden par pak samotny posun plosi-
ny. Uchyceni ploSiny na kolejnicich probihalo pies jednotlivé zuby
kolejnic. Posun ploSiny o 1 m vyZadoval ¢as jedné minuty a v tom-
to kroku doslo postupné k aktivaci vSech hydraulickych vélci. Po
zah4jeni razby bylo nutné upravit i povrch Zelezobetonové rozpérné
desky, kdyZ se ukazalo, Ze ¢ast rubaniny zistava leZet na desce po-
bliz Celby a nesjizdi samovolné k paté rozpérné desky. Cely povrch
rozpérné desky byl proto vyloZen plechem tloustky 1 mm. Po tomto
opatfeni jiz vSechna rubanina samospadem sjizdéla aZ do oblasti do-
jezdu plosiny, kde byla odtéZovana pasovym rypadlem a vyvezena
na povrch.

Po dosaZeni styku s objektem Gemini bylo nejprve v ramci razby
zlikvidovano zaporové pazeni stavebni jamy objektu Gemini a na-
sledné sténovou pilou vyfiznut obdélnikovy otvor do Zelezobetonové
podzemni st€ny samotného objektu. Razba spodni klenby probihala
postupnym sjizdénim ploSiny od shora dold. Po jednotlivych kro-
cich délky 2,0 m byla bourdna rozpérna deska, demontovany kolej-
nice pro pojezd ploSiny a zhotoveno primarni osténi spodni klenby
(obr. 4b). Po sjeti plosiny zpét na zacatek kolejové drahy byl nejprve
odstranén sypany ndjezd na ploSinu a pomoci zavésné drazky byla
ploSina rozebrana a vyvezena na povrch. Zbyvajicich 8 m dna bylo
vyrazeno z prestupni chodby opét mechanizaci pro razbu velkych
profila.

HYDROIZOLACNI SOUVRSTVi

Hydroizola¢ni systém byl v objektu eskalatorového tunelu navr-
Zen jako celoobvodovy, stejné jako ve vSech ostatnich podzemnich
objektech v soucasnosti nové budované linky metra. Po celém obvo-
du je sekundérni osténi opatfeno proti ptisobeni tlakové podzemni
vody uzavienym mezilehlym hydroizolacnim souvrstvim aplikova-
nym mezi primérni osténi ze stfikaného betonu a sekundarni osténi
z monolitického Zelezobetonu. Uzavfeny hydroizola¢ni systém zaro-
vefi plni funkci pasivni sekundarni ochrany proti bludnym proudim.

Vybér hydroizolacniho materidlu byl ovlivnén faktem, Ze zhruba
v obdobi mezi lety 1955 a 1985 byla na Pankraci v blizkosti autobu-
sového nadrazi provozovdna povrchova Cerpaci stanice pohonnych
hmot s podzemnimi nadrZemi pro jejich uloZeni. Z divodu dlouho-

dobé netésnosti nadrZi byla pfi razb€ v téchto mistech zastiZena kon-
taminace horninového masivu a podzemni vody ropnymi latkami.

zdroj archiv Subterra a.s. source Subterra a.s. archive
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Each rail was anchored by two spikes on
each side every single meter.

The platform assembly itself, including
the connection of hydraulics and electric
controls, took 21 days. After completing
the assembly, it was necessary to build
a ramp up to the platform, which was
braced with concrete panels from the side
of the platform. This way not only did an
end stop of the platform necessary to swap
machinery emerge, but even a retention
area for muck, which kept falling through
the platform down to this area during
excavation.

After completing all this preparatory
work, it was possible to initiate excavation
of the remaining section of the escalator
tunnel at a length of 12.2m. The excavated
distance appears to be short, although
without installing a platform for sloped
movement, even such a short length of
excavation would be unfeasible.

The remaining excavation took place in
the TT 5b support class with identical excavation support as in the
transfer corridor, including pressure grouting in advance. Always
after completing two advances of the top heading, a segment of
the reinforced concrete bracing slab was concreted. Before the
concreting of the bracing slab itself, rails for platform movement
and anchoring spikes were mounted. The spikes were submerged
during concreting, thus dropping the prolonged core drilling of
rail anchoring spikes into the bracing slab. It was possible to
extend the rails in 1.0m long sections. The top heading excavation,
apart from the connection of the escalator tunnel with the Gemini
building, took place from 08/06 to 07/07/2025. It was carried out
with machinery comprising an Avesco TB 20 excavator (machine
weight 20 tons), a Boomer S2 drilling rig, and a Meyco Oruga
sprayed concrete manipulator along with a Meyco Suprema
concrete pump. A curiosity of the excavation is, in particular, the
automatic movement of the platform in 1.0m long steps with an
option to reduce the step to 0.5m (Fig. 4a). The movement of the
platform was facilitated by three pairs of hydraulic cylinders. Two
pairs ensured the attachment of the platform during movement up
or down; one pair of cylinders ensured the platform movement
itself. The platform was attached to the rails with individual rail
cogs. It required one minute to move the platform by 1m, and all
hydraulic cylinders were gradually activated. Following the start
of excavations, it was necessary to even adjust the surface of the
reinforced concrete bracing slab, because it became apparent that
some of the muck remained lying on the slab near the face and did
not slide spontaneously towards the heel of the bracing slab. The
entire surface of the slab was therefore covered with sheet metal
Imm in thickness. After this measure, all muck slid spontaneously
down to the area of the platform end stop, where it was excavated
by a tracked excavator and hoisted to the surface.

Right after reaching the connection to the Gemini building,
the braced timbering of the Gemini building construction pit
was disposed of, and subsequently, a wall saw was used to cut
out a rectangular opening in the underground wall of the building
itself. The excavation of the lower vault took place by lowering
the platform from the top down. Following individual 2.0m long
steps, the bracing slab was demolished, rails for the movement of
the platform disassembled, and primary lining of the lower vault
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Tato skuteCnost nebyla pfi tvorbé zadavaci projektové dokumentace
znama a byla odhalena az pfi razbach stanice Pankrac D. To mélo
za nasledek nemoznost aplikace hydroizolacni félie PVC tloustky
3 mm, kterd byla pouZita u ostatnich stavebnich objekti. Misto toho
bansky projektant zvolil material odolny proti pisobeni ropnych 14-
tek. Nové navrzeny hydroizolacni systém se sklada z féliové LDPE
hydroizolace tloustky 2 mm osazené ve dvou vrstvach. Ochrannou
vrstvu na styku s primarnim ost€nim tvoii geotextilie (800 g/m?).
V misté pracovnich a dilatacnich spar jsou umistény zesilujici pasy
z hydroizola¢ni LDPE f6lie. Stavebni prace obsahuji i napojeni nové
budovaného systému na stavajici hydroizola¢ni PVC systém admini-
strativniho objektu Gemini formou sevieni obou zminénych félii do
nerezovych piirub.

V rozsahu dna je hydroizola¢ni folie po instalaci shora ochrané-
na geotextilii (500 g/m?) a ochrannou vrstvou betonové mazaniny
tloustky 100 mm ve vodorovné ¢asti prestupni chodby, respektive
280 mm v Sikmé Casti eskaldtorového tunelu.

Projektant déale navrhl dvojity pojistny systém injektaZze — plos-
ny systémovy a pojistny. Prvni injektazni systém, ktery ma zabranit
proudéni podzemni vody s potencidlnim obsahem ropnych latek po-
dél eskalatorového tunelu, je umistén mezi hydroizolacni folii a pri-
marni osténi. Pro pojistny systém je uvaZovana chemicka injektaz
prostoru mezi dvéma hydroizola¢nimi féliemi, ktera se predpoklada
pouze v piipadé, Ze provedena hydroizolace bude vykazovat netés-
nosti.

SEKUNDARNI OSTENI

Stavebni objekt eskalatorovy tunel a prestupni chodba tvoii jeden
dilatacni celek délky 31,937 m. Ddle je konstrukce oddélena dilata-
cemi od sousednich objektl stanice Pankrac D a stavajiciho admini-
strativniho objektu Gemini. BetonaZ osténi je rozdélena horizontalné
pracovnimi sparami na betondZ dna a betondz klenby. Sekundarni
osténi je navrZeno z vyztuZeného betonu C30/37. Spodni klenba je
armovéna z tradi¢ni vazané vyztuze, kdezto u horni klenby zaklad
vyztuzné kostry sekundarniho osténi tvoii nosné piihradové ramy,
které jsou doplnény na rubové i licové strané€ vyztuznymi svarovany-
mi sitémi a pfiloZkami z ocelovych prutd.

POSTUP PRACI

Po dokonceni raZeb eskalatorového tunelu byly zaznamenény pii-
toky podzemni vody s pfimési benzinu v prostoru dna Sikmé Casti
eskalatorového tunelu. Pro zamezeni piitoktl byla navrZena a prove-
dena systematicka plo$nd injektdZ dna pomoci kratkych vrtd délky
cca 600 mm o @ 14 mm v rastru 1 x 1 m. Celkem bylo provedeno
190 ks téchto vrtt. Kazdy vrt byl pies injektdzni pakr zainjektovan
dvoukomponentni organicko-minerdlni pryskyfici s maximalnim
pripustnym injek¢nim tlakem 20 bar.

Po zatésnéni dna vyrubu byl nejprve zhotoven hydroizolacni sys-
tém v rozsahu dna vodorovné Casti (tzn. v prestupni chodbé), na-
sledné bylo provedeno vyvdzani vyztuze vcetné jejiho provazani do
Sikmé konstrukéni ¢asti dna (tzn. eskalatorového tunelu), zhotoveno
bednéni jeho dna z obou stran a betonaz.

V dalsim kroku bylo postaveno leseni v Sikmé Casti (tzn. v eskala-
torovém tunelu) pro zaizolovani dna a osazeni zdmecnického vyrob-
ku pro prechod izolace do objektu Gemini. Izolace byla realizovana
odshora dolt s postupnym odstrafiovanim leSeni.

Hydroizola¢ni félie ve dné eskalatorového tunelu byla opatiena
ochrannou betonovou mazaninou. Ta ochranila hydroizolacni f6-
lii proti poskozeni, umoznila osazeni trnii pro montaz vyztuZe dna
a také zlepSila moznost ,,chlize* na jinak kluzké hydroizolacni folii.
V eskalatorovém tunelu bylo mozné vyzkouset v Sikmém sklonu 30°
specidlni recepturu betonu C30/37 s piidavkem melaminu od doda-

built (Fig. 4b). After getting the platform back to the start of the
railway, the ramp onto the platform was removed first and thanks to
the suspension grooves the platform was disassembled and hoisted
up to the surface. The remaining 8m of the invert were excavated
from the transfer corridor once again using mechanisation for the
excavation of large profiles.

WATERPROOFING LAYERS

The waterproofing system in the escalator tunnel was designed
around the entire circumference, the same way as in all other
underground structures in the now under-construction metro line.
Along the entire circumference, the secondary lining is fitted
with enclosed intermediate waterproofing layers for the effects of
pressurised groundwater, applied between the sprayed concrete
primary lining and secondary lining from monolithic reinforced
concrete. The enclosed waterproofing system also fulfils the role
of passive secondary protection against stray currents.

The choice of the waterproofing material was affected by the
fact that, roughly between years 1955 and 1985, a petrol station
was operated on the surface near the bus terminal in Pankréc, with
underground cisterns for fuel storage. Due to long-term leaking of
the cisterns, contamination of the rock massif and groundwater was
discovered during excavation in the area. This fact was not known
while creating the tender documentation, and it was exposed only
during the excavation of the Pankrac D station. Because of that, the
application of a 3mm thick waterproofing PVC membrane was not
possible, the same one that was used for other building structures.
The mine designer chose to substitute it with a material resistant
to the effects of oil products. The newly designed waterproofing
system consists of two layers of 2mm thick LDPE waterproofing
membranes. A protective layer on the contact with the primary
lining is geotextile (800g/m?). Strengthening strips made of an
LDPE membrane are fitted in places of construction and dilatation
joints. Construction work also consists of a connection of the
newly built system to the current PVC waterproofing system of
the Gemini administrative building by way of clamping both the
membranes into stainless-steel flanges.

The waterproofing membrane in the invert is protected on top
after installation by geotextile (500g/m?) and a protective layer
made of concrete screed 100mm thick in the horizontal section of
the transfer corridor and 280mm thick in the oblique section of the
escalator tunnel.

The designer then proposed a dual safety grouting system —
area-wide systematic and safety. The first grouting system, which
should prevent the flow of groundwater with potential contents
of oil substances along the escalator tunnel, is placed between
the waterproofing membrane and primary lining. As for the
safety system, chemical grouting of the space between the two
waterproofing membranes is considered and only expected in the
case that the executed waterproofing would manifest leaks.

SECONDARY LINING

The escalator tunnel and transfer corridor building object is
formed by one dilatation section 31.937m in length. The structure is
then separated by dilatation joints from the surrounding structures
of the Pankrdc D station and the existing administrative building
Gemini. The concreting of the lining is divided horizontally by
construction joints into an invert and a vault. The secondary lining
is designed as C30/37 reinforced concrete. The lower vault is
reinforced with traditionally tied rebar, whereas with the upper
vault, the base for the reinforcement frame of the secondary lining




vatele betonovych smési TBG Metrostav, ktera byla nasledné pouZita
1 ve dn€ sekundérniho osténi Sikmé ¢asti. Bylo nutné ovéfit vliv trans-
portu betonu na jeho konzistenci, kdy jedind cesta pro jeho dopravu
byla svislym potrubim se zpomalovacimi koleny o délce zhruba 25 m
z ohlubné na dno stavebni jamy PAD1b do autodomichavace. Ten na-
sledné beton dovezl aZ na misto betonaze, kde se za pomoci cerpadla
dopravoval potrubim do betonované konstrukce. Melamin podporuje
zachovani konzistence betonu.

Nasledné probéhlo vazani vyztuZe dna eskalatorového tunelu ob-
dobné jako u vodorovné Casti (tzn. prestupni chodby). Pro betonaz
bylo zvoleno feseni, které se pouZiva pro betonovani skluzii bezpec-
nostnich prelivil hrazi, a sice pouziti valcového rotacniho finiSeru pro
upravu finalniho povrchu. FiniSer se pohyboval po vodicich kolejni-
cich ukotvenych do boktl primarniho osténi a jeho pohyb zajistovaly
dva vratky za pomoci ocelovych lan ukotvenych do celni stény objek-
tu Gemini. PouZit byl opét beton s piidavkem melaminu. Ukladany
Cerstvy beton se diky tomu pii uklddce udrzel v poZadovaném sklo-
nu a zaroveni byl zpracovatelny, zhutnitelny a byla umoZnéna tprava
jeho horniho povrchu do pozadovaného tvaru. Pouziti finiSeru (obr. 5)
umoznilo vybetonovat celou Sikmou ¢ést v jednom taktu za 30 hodin.
Béhem této doby bylo uloZeno celkem 260 m? betonové smési.

Pro zhotoveni hydroizola¢niho souvrstvi horni klenby a dokonceni
zamecnického vyrobku pro sevieni hydroizolaci u objektu Gemini
bylo postaveno celoprostorové leseni, ze kterého byla po jeho malé
upravé vyvazana vyztuz horni klenby Sikmé Casti eskalatorového tu-
nelu. Kvuli velkému sklonu eskalatorového tunelu se vyztuz vyva-
zovala postupné odspodu (od prestupni chodby) a v podélném sméru
musela byt opfena o trny navrtané ve vodorovné ¢asti dosud neza-
izolované prestupni chodby (pouziti trnd pro fixaci vyztuze v Sikmé
Casti eskaldtorového tunelu nebylo mozné z diivodu jiz zabudované
dvouvrstvé izolace).

Samostatnou kapitolou bylo bednéni horni klenby. Byl hledan
systém, ktery by po ¢astecné modifikaci umoznil betondz jak Sikmé
pfimé Casti, tak i vodorovné Casti, kterd je vedena CasteCné v ob-
louku a castecné v piimé. Stejné bednéni se predpokladalo i pro

zdroj archiv Subterra a.s. source Subterra a.s. archive
Obr. 5 Finiser pro betondz sekunddrniho osténi spodni klenby eskaldtorového tunelu
Fig. 5 Finisher for the concreting of the secondary lining of the escalator tunnel lower invert
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is formed by load-bearing lattice
girders supplemented on the front
and reverse sides by reinforcing
welded meshes and steel splice bars.

COURSE OF WORK

After completing the excavation
of the escalator tunnel, inflows of
groundwater with petrol contents
were registered in the invert area of
the oblique section of the escalator
tunnel. To limit inflow, systematic
area-wide grouting of the invert was
designed and performed, using short
@ 14mm bores ca. 600mm in length
arranged in a 1 x 1m grid. In total,
190 of these bores were carried out.
Each bore was grouted through
a packer with two-component
organic mineral resin. The highest
permissible pressure was 20 bar.

Following the sealing of the
excavation invert, a waterproofing
system was completed first in the
invert of the horizontal section
(i.e., in the transfer corridor) and
then, rebar was tied and spliced into
the oblique section of the invert (i.e., the escalator tunnel). Its
formwork was constructed on both sides, and concreting ensued.

In the next step, scaffolding was erected in the oblique section
(i.e., the escalator tunnel) for the waterproofing of its invert and the
mounting of a machined part for the transition of waterproofing
into the Gemini building. The waterproofing was realised from the
top down with gradual scaffolding disassembly.

The waterproofing membrane in the invert of the escalator
tunnel was provided with protective concrete screed. It protected
the waterproofing membrane against damage, enabled the fitting of
spikes for the mounting of invert reinforcement, and improved the
ability to “walk” on otherwise slippery waterproofing membrane.
At a 30° angle, it was possible to test a special C30/37 concrete
mixture with added melamine from the supplier of concrete
mixtures, TBG Metrostav. The mixture was also used in the invert
of the secondary lining of the oblique section. It was crucial to
verify the impact of concrete transport on its consistency, where
the only way for its transport was by ca. 25m long vertical pipes
with decelerating elbow pipes from the bank to the bottom of the
PAD1b construction pit into a mixer lorry. It then transported the
concrete to the location of concreting, where it was pushed through
pipes into the concrete structure. Melamine aids in preserving
concrete consistency.

Tying of the escalator tunnel invert reinforcement followed
similarly as in the horizontal section (i.e., the transfer corridor).
A method that is used for the concreting of chutes of dam safety
spillways was selected, namely the usage of a rotational cylindrical
finisher for the treatment of the final surface. The finisher moved
along guide rails anchored to the sides of the primary lining, and its
movement was secured by two winches with steel cables anchored
to the frontal wall of the Gemini building. Once again, concrete
with added melamine was utilised. Thanks to that, the poured
fresh concrete remained at the required angle during placing,
and it was also workable, compactible, and the finishing of its
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Obr. 6 Bednéni horni klenby bloku eskaldtorového tunelu horni klenby

Fig. 6 The upper arch formwork of the first block of the escalator tunnel upper invert

bednéni zlomu mezi vodorovnou a Sikmou ¢asti. Pro betonaZ blo-
ki byl pouZit ocelovy bednici viiz s automatickym hydraulickym
posuvem, ktery se v §ikmé ¢asti eskaldtorového tunelu pohyboval
po pilovych/ozubenych kolejnicich. Kviili nedostatku prostoru pro
mechanizaci a zminénym poZadavkiim na rizné modifikace bedni-
ciho vozu byl ocelovy plast rozdélen na jednotlivé svarované dilce,
které byly pfipevnény na lehké hlinikové prvky systémového bed-
néni. Postupné byla provedena betondZz Sikmé Casti eskaldtorové-
ho tunelu od spodu smérem vzhiiru aZ na styk s administrativnim
objektem Gemini. Sikma &4st obsahovala celkem pét bloki. Pouze
dva bloky byly typické délky 4,9 m. Prvni blok na zméné& sklo-
nu bylo nutné bednit pomoci samotného hydraulického bednici-
ho vozu s pfidanym trojihelnikovym bednénim samotného lomu
(obr. 6). Bednéni lomu bylo z vozu po betonédzi prvniho (lomo-
vého) bloku odpojeno. Nésledné byly vybetonovany dva typické
bloky a ¢tvrty blok délky 3,8 m. Na c¢tvrty blok navazovala ¢elni
sténa vCetné obdélnikového prechodu na zarodek eskaldtorového
tunelu, ktery byl vybudovan jiz pfi vystavbé objektu Gemini. Bed-
néni Celni stény bylo zapfené o hydraulické bednéni. Po dokonceni
Sikmé Casti eskalatorového tunelu bednéni sjelo po ozubenych ko-
lejich do vodorovné ¢asti. Vodorovna Cast se sklddala celkem ze
tfi betonarskych blokd. Nejprve bylo postaveno prostorové leseni
pro instalaci hydroizola¢niho souvrstvi a osazeni zamecnického
prvku z nerezové oceli pro v budoucnu provedeny piechod izolac-
niho souvrstvi eskaldtorového tunelu na izola¢ni souvrstvi stanice
Pankrac D, které bude pravdépodobné v souladu se zadavaci do-
kumentaci z PVC folie tl. 3 mm. Po provedeni hydroizolace byla
namontovana vyztuz horni klenby v celé délce vodorovné Casti.
Prvni blok sekundérniho osténi navazujici na Sikmou ¢ést je primy,
délky 4,397 m. Pfed betondZzi dvou zbyvajicich obloukovych blok
délky 3,0 m bylo z bedniciho vozu demontovdno bednéni pro be-
tonaZ pfimych bloki a bylo osazeno bednéni pro obloukové bloky.
Po dokonéeni betonaze bloki v oblouku bylo sekundarni osténi
objektu prestupni chodby a eskalatorového tunelu kompletné do-
konceno (obr. 7).

TuNel

upper surface into a required shape
was enabled. The use of a finisher
(Fig. 5) facilitated the concreting
of the entire oblique section in one
30-hour cycle. Over this time,
a total of 260m? of concrete mix was
placed.

After completing the water-
proofing of the upper vault and
finishing the machined part for the
clamping of the waterproofing at
the Gemini building, full-space
scaffolding was built from which
the reinforcement of the upper
vault of the oblique section of the
escalator tunnel was tied, following
a minor modification. Due to
the large angle of the escalator
tunnel, the reinforcement was tied
gradually from the bottom (from
the transfer corridor) and in the
longitudinal direction it had to be
propped up against spikes drilled
in the horizontal section of the
transfer corridor that was so far not
waterproofed (the usage of spikes
for the fixation of reinforcement in
the oblique section of the escalator tunnel was not possible for the
reason of already constructed dual layer waterproofing).

A chapter in itself was formwork for the upper vault. A system
was searched for that, following a partial modification, would
allow concreting of the oblique straight section and the horizontal
section that is led in a slight curve, and also partly straight. It was
expected to also use the same formwork for the corner between
the horizontal and oblique sections. Used for the concreting
of blocks was a steel form traveller with automatic hydraulic
traversing, moving in the oblique section of the escalator tunnel
along saw/cogged rails. Due to a lack of space for mechanisation
and the mentioned requirements for various modifications of the
form traveller, the steel skin was divided into individual welded
segments that were fastened to lightweight aluminium components
of systemic formwork. The concreting of the oblique section of the
escalator tunnel was carried out gradually from the bottom upwards
up to the connection to the Gemini administrative building. The
oblique section contained five blocks in total. Only two blocks
had a typical length of 4.9m. The first block on a changing slope
was necessary to shutter using the hydraulic form traveller itself
with added triangle formwork for the corner (Fig. 6). The corner
formwork was decoupled from the traveller after concreting the
first (corner) block. Then, two typical blocks and a fourth block
3.8m in length were concreted. A frontal wall was connected to
the fourth block, including a rectangular transition to the starting
point of the escalator tunnel, which was already built during the
construction of the Gemini building. Formwork of the frontal wall
was braced against hydraulic formwork. Following the completion
of the oblique section of the escalator tunnel, the formwork
traversed down along cogged rails into the horizontal section.
This section included three concreting blocks. First, full-scale
scaffolding was constructed for the installation of waterproofing
layers and mounting of the machined component made of

stainless steel, to make the transition from the waterproofing

zdroj Subterra a.s. source Subterra a.s.

layers of the escalator tunnel to the waterproofing layers of the




Obr. 7 Dokoncené sekunddrni osténi
Fig. 7 Finished secondary lining

Zacéatkem roku 2026 probéehly pfipravné prace pro provedeni sys-
témové injektaZe a byla provedena samotnd injektaZ prostoru mezi
hydroizola¢nim souvrstvim a primarnim osténim. Pro tuto injektaz
byly vyuzity perforované hadicky @ 18/10 mm umisténé na podklad-
ni geotextilii. Hadicky jsou vyvedeny do injektaZnich krabic umis-
ténych v sekundarnim osténi. Na konci nejsou uzavieny, aby mohlo
dojit k volnému rozliti injektdZni hmoty do prostoru.

ZAVER

Realizace eskaldtorového tunelu a prestupni chodby Gemini pied-
stavovala mimofadné naro¢ny projekt, ktery vyZadoval kombinaci
standardnich postupt s inovativnimi feSenimi. Zastizeni ropnych 14-
tek v podzemi vedlo k tpravé hydroizolacniho systému — namisto
PVC folie byla pouZita LDPE izolace ve dvou vrstvich, doplnéna
dvojitym injektaZnim systémem, ktery zajiStuje spolehlivou ochra-
nu proti tlakové vodé s pripadnymi ropnymi latkami. Vyznamnym
technickym problémem byla jak samotna razba, tak i betonaz Sikmé
¢asti. S vyuZitim specidlni ploSiny pro Sikmou razbu, atypické re-
ceptury betonu C30/37 a finiSeru se potvrdila efektivita zvoleného
technologického postupu i pfi slozité dopravé materialu a betono-
vych smési na misto uloZeni. Realizace tohoto projektu ukdzala, Ze
dusledna priprava, flexibilni piistup a spoluprace jednotlivych ¢lenti
odborného tymu jsou kli¢em k tispéchu pfi realizaci podzemnich sta-
veb v komplikovanych geotechnickych podminkéch. Ziskané zkuse-
nosti Ize vyuZit pro optimalizaci budoucich projekt metra i dalSich
podzemnich objekti.

Ing. SIMON DOUBEK, sdoubek@subterra.cz,
Ing. JIRI BRICHNAC, jbrichnac@subterra.cz, Subterra a.s.

Recenzoval Reviewed by: Ing. Tomds Ebermann, Ph.D.

LITERATURA / REFERENCES

zdroj archiv Subterra a.s. source Subterra a.s. archive

35. rocnik - €. 2/2026

Pankrac D station, which will most
likely be in accordance with tender
documentation made of a 3mm
thick PVC membrane. Following
waterproofing, reinforcement of
the upper vault was mounted along
the entire length of the horizontal
section. The first secondary lining
block connected to the oblique
straight, 4.397m in
length. Before concreting the two
remaining 3.0m long arched blocks,
the formwork for the concreting of
straight blocks was removed from
the form traveller, and formwork
for arched blocks was fastened. By
finishing the concreting of blocks
in the arch, the secondary lining in
the transfer corridor and escalator
tunnel finished
(Fig. 7).

At the start of 2026, preparatory
work for systematic grouting took
place along with the grouting of the
space between the waterproofing
layers and primary lining. Perforated
@ 18/10mm tubes placed on base geotextile were used for grouting.

section is

structures  was

The tubes are run into grouting boxes located in the secondary
lining. They are not closed at the end so that the grouting material
can flow freely into the space.

CONCLUSION

The realisation of the escalator tunnel and Gemini transfer
corridor represented an extraordinarily demanding project that
required a combination of standard methods and innovative
solutions. Encountering oil products in the underground led
to a change in the waterproofing system — in place of a PVC
membrane, two layers of LDPE waterproofing were used,
supplemented by a double grouting system that ensures reliable
protection against pressurised water with potential oil substances.
A significant technical issue was the excavation itself and the
concreting of the oblique section. By using a special platform
for angled excavation, an atypical C30/37 concrete formula, and
a finisher, the effectiveness of the selected technological method
is demonstrated despite the difficult transport of material and
concrete to the intended location. The realisation of this project
demonstrated that thorough preparation, flexible attitude, and
cooperation of individual members of an expert team are key
to success during the realisation of underground structures in
complicated geotechnical conditions. The acquired knowledge
can be utilised for the optimisation of future metro projects and
other underground structures.

Ing. SIMON DOUBEK, sdoubek@subterra.cz,
Ing. JIRI BRICHNAC, jbrichnac @subterra.cz, Subterra a.s.

[1] SO 11-24 ,Eskalatorovy tunel a prestupni chodba Gemini®, realiza¢ni dokumentace, METROPROJEKT Praha a.s.
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FOTOREPORTAZ Z VYSTAVBY SKALNICH KAVEREN 23, 24,
BOLIDEN ODDA, NORSKO
PICTURE REPORT FROM THE CONSTRUCTION OF ROCK CAVERNS
23, 24, BOLIDEN ODDA, NORWAY

foto Josef Haba photo Josef Haba foto Josef Haba photo Josef Haba
Obr. 1 Nabijeni iistupku, troveri 1, kaverna 23 Obr. 2 Vrtdni lavic virovné 2
Fig. 1 Charging a protrusion, level 1, cavern 23 Fig. 2 Drilling of level 2 benches

L P
foto Josef Haba photo Josef Haba Jfoto archiv Metrostav Norge Metrostav Norge photo archive

Obr. 3 Odtézba, kaverna 23 Obr. 4 Plovouci ponton k vysypdni rubaniny u vysypného okna A

Fig. 3 Extraction, cavern 23 Fig. 4 Floating pontoon for muck dumping by the ,,A“ tip-out window

Ty
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foto Josef Haba photo Josef Haba Jfoto Anton Vido photo Anton Vido
Obr. 5 Zajistovdni stén tirovné 2, kaverna 23 Obr. 6 Pohled do témér vyraZené kaverny 23
Fig. 5 Securing of level 2 walls, cavern 23 Fig. 6 View into the almost excavated No. 23 cavern
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A VASE POTREBY!
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Spickové dopravni systémy tam, kde bézna technika nestaci, s maximalnim durazem
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for tunnel constructions. Add a stability baseline to your project design phase.
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throughout the entire zone of influence.
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Detect vertical and horizontal motions, differential
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®) gisat

RETROSPECTIVE

Pre-construction stability baseline and trends
from archival satellite measurements.

EFFICIENCY

Tailored to the excavation method and expected
deformation dynamics.
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METRO V BUDAPESTI SLAVI 130 LET OD ZAHAJENI PROVOZU
THE BUDAPEST METRO CELEBRATES 130 YEARS SINCE OPENING

The first half of the 19" century, rightfully called “The Steam underground line since its completion in 1896. The operation of this
Age”, laid the foundations for the birth of the highest-performing ‘ original line of the Budapest Metro started on the 2" of May 1896,

urban mass transit method — the underground

railway. The first place for establishing
the highest-capacity urban mass transit is
undoubtedly the first six-kilometre-long
line of the London Underground, which
was opened on the 10" of January 1863.
Although continental Europe has a problem
with determining the first place in metro
construction, there are three participants,
mainly Athens (1869), Istanbul (1874), and
Budapest (1896). The origin and further
development of metro networks in the first
two cities show noteworthy peculiarities,
so it is relatively difficult to unequivocally
grant primacy to one of those. Nevertheless,

anniversaries of the origin of the first metro
in continental Europe are celebrated in all
respective countries. The metro in Budapest
is most commonly mentioned as the first

archiv autora authors' archive

in continental Europe, where the original  gp,. 1 Interiér stanice Tiinel
line has the characteristic of an electrified  Fig. I Tiinel station interior
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just a mere 20 months after construction started, with the so-
called jubilee line (“Millennium” line), consisting of 11 stations
spanning over 3.7km. Politics most likely had a significant impact
on the start of its construction and its very quick development
— the construction and opening of the metro was concurrently
viewed as a celebration of the 1000™ anniversary of the arrival
of Hungarians to Pannonia. The Foldalatti line, today marked
as M1, remained isolated in Budapest up until 1970, when
the M2 line of the modern metro was opened. Currently, the
Budapest Metro has four lines, 39.4km in length, 52 stations,
and this May it will celebrate its 130" anniversary of the start of
operations.

Prvni polovina 19. stoleti, oprdvnéné nazyvaného ,stoletim
pary*, pfipravila pidu pro vznik nejvykonnéjsiho prostiedku
méstské hromadné dopravy — podzemni drahy. Na povrchovych
Zelezni¢nich tratich byla vyzkouSena fada zdsadnich konstrukei

Obr. 2 Vystavba metra na Andrassyho tridé
Fig. 2 Metro construction on the Andrassy Boulevar

gy

Obr. 3 Stavebni jaima na ndmésti Vorosmarty
Fig. 3 Construction pit at the Vorosmarty Square

a dprav, potfebnych k zahdjeni provozu podzemni drahy — parni
lokomotivy s potfebnym vykonem, osobni vozy, vdlcované kolej-
nice a jejich upeviiovani, uprava plané, signélni zafizeni...

Svétové prvenstvi vzniku nejkapacitnéj$i méstské hromadné
dopravy je nezpochybnitelné — 10. ledna 1863 byla oteviena prv-
ni Sest kilometrit dlouha linka londynské podzemni drahy.

Kontinentdlni Evropa vSak ma s urCenim prvenstvi ve vystav-
bé metra problém — uchazeci jsou tfi. V chronologickém fazeni
jsou to Atény (1869), Istanbul (1874) a Budapest (1896). Vznik
a dalsi rozvoj siti metra v prvnich dvou méstech vykazuje pozo-
ruhodné zvlastnosti, takZe je pomérné obtiZzné pfiznat prvenstvi
jednoznaéné nékterému z nich. Nicméné ve vSech tfech prislus-
nych zemich se slavi jubilea vzniku prvniho metra kontinentalni
Evropy.

V Aténach byla 27. inora 1869 oteviena povrchova jednokolej-
na trat dlouhd cca 10 km, ktera propojila nadrazi v Pireu s nadra-
zim Thiseio na okraji Atén. V roce 1893 byla trat prodlouZena do

vnitfniho mésta prvnim podzemnim use-
kem Thiseio — ndmésti Omonia délky cca
1 km. Po dalS§im prodlouzeni podzemni
trasy o 1,5 km a o 12,6 km povrchové tra-
sy ziskala v roce 1957 statut prvni linky
aténského metra.

V Istanbulu byl solitérni podzemni tu-
nel dlouhy 573 m, zvany Tiinel, otevien
23. zari 1875. Jeden primat vSak tomuto
metru® nelze uprit — je nejkratsi na svété
a ma jen dvé stanice — nastupni (obr. 1)
a vystupni, pfiCemz neni zaclenéno do
soucasné sit¢ istanbulského metra.

Nejcastéji je uvadéno jako prvni na ev-
ropském kontinenté metro v Budapesti,
kde zakladni linka ma od svého dokon-
¢eni v roce 1896 charakter elektrifikova-
né podzemni dréhy. Provoz této zdkladni
linky budapeStského metra byl zahdjen
2. kvétna 1896 tzv. jubilejni trasou (trasa
,.Millennium*), dlouhou 3,7 km s 11 sta-
nicemi, a to pouhych dvacet mésicii po
zahdjeni stavby. Na zahdjeni vystavby

archiv autora authors' archive

archiv autora authors' archive
Obr. 4 Secesni interiér stanic na lince Foldalatti
Fig. 4 Art Nouveau interior of Foldalatti line stations
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a jejim velmi rychlém pribéhu mél pravde-
podobné zna¢ny podil politicky aspekt — vy-
budovani a zprovoznéni metra bylo pojato
soucasné jako oslava tisiciletého vyroci pri-
chodu Madart do Panonie.

Podzemni vedeni elektrifikované kolejo-
vé linky bylo vzhledem ke svému charak-
teru oznaceno jako Kisfoldalatti (= metro,
doslovny preklad ,,malé podzemi‘), pozdéji
se nazev zkratil na Foldalatti. Prakticky cela
trasa byla provadéna v paZenych jamach
bezprostfedné pod povrchem (obr. 2 a 3).
Réamova konstrukce Zelezobetonového osté-
ni tuneld byla minimalizovdna na rozmér
cca 3 x 4 m, vyska troleje nad temenem ko-
lejnice je pouhych 2,3 m.

Na interiér stanic byly budapestskym ma-
gistritem stanoveny narocné pozadavky,

byla. zvolena jejich SeceSI.li ljprava.. Stény Obr. 5 Ozdobné litinové hlavice sloupii ndstupist . zpracoval
stanic byly obloZeny bilymi a cernymi kach-  Fig. 5 Decorative cast iron platform pillar heads prof. Ing. JIRI BARTAK, DrSc.

liky, sloupy podél hrany kratkého nastupisté
(délka 40 m) byly provedeny s ozdobnymi
litinovymi hlavicemi, ve stejném stylu byly
provedeny odpocinkové lavice a pokladni
kiosky (obr. 4 a 5).

Linka Foldalatti, v soucasnosti znacena
jako M1, zistala v Budapesti osamocena az
do roku 1970, kdy byla oteviena linka M2
novodobého metra. Soucasné budapestské
metro ma Ctyfi linky, délku 39,4 km s 52 sta-
nicemi a v kvétnu letosniho roku oslavi sto-
tficetileté vyroci zahdjeni provozu.

Zajimavosti je, Ze stejné stotficetileté vy-
ro¢i oslavi v prosinci letoSniho roku metro
ve skotském Glasgow, kde bylo v roce 1896
otevieno metro tvorené okruzni linkou, kte-
rd zustala solitérem az do soucasnosti.

archiv autora authors' archive
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NOVOSTAVBA TUNELU CORNBERG - VEO1
NEW CORNBERG TUNNEL CONSTRUCTION - VEO1

The company Subterra a.s.,
in association with BEMO
Tunnelling, is participating in
yet another project in Germany,
which is the construction of the
681m long new Cornberg twin-
track railway tunnel between
the cities Sontra and Bebra. It
is part of the 3600 Frankfurt
am Main — Gottingen railway
line and is excavated using the
NATM method. The tunnel is
built alongside the original 719m
long one, completed already
in 1875. The historic tunnel
is in a poor technical state. Its
reconstruction is unprofitable
since it includes meeting new
safety standards that require the
enlargement of the kinematic
envelope. After finishing the
construction, the original

tunnel will be backfilled, with s - g 2 3 e . :
only the original portals under [§ ‘.."'Q‘L--.-L . sl s S
protection as historic landmarks g, 7 pohled na zajistovdni vychodniho portdlu tunelu Cornberg, vpravo piivodni historicky tunel

preserved. Fig. 1 View of eastern Cornberg tunnel portal securing, on the right, the original historic tunnel

Both portals are located in
deep cuts with slope heights of up to 20m. Construction pits are | almost entirely prepared for excavation commencement at the end
secured with DN1200 secant piles. Main work for the securing | of April 2026; the completion of the tunnel is planned for the end of
of the portals began in the spring of 2025. The eastern tunnel is | 2028.
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Obr. 2 Zajisténi vychodniho portdlu tunelu Cornberg pro zahdjeni raZeb

Fig. 2 Securing the eastern portal of the Cornberg tunnel to commence excavations

Ve druhé poloviné roku 2024 podala spolec¢nost Subterra a.s. ve
sdruZeni se spole¢nosti BEMO Tunnelling nabidku na dalsi projekt
v Némecku, kterym je novostavba 681 m dlouhého dvoukolejného
Zelezni¢niho tunelu Cornberg mezi mésty Sontra a Bebra na trati
3600 Frankfurt am Main — Géttingen, raZeného pomoci metody
NRTM.

Tento tunel je budovin soubéZné s puvodnim tunelem délky
719 m dokoncenym jiz v roce 1875. Historicky tunel je Spatném

stavebnétechnickém stavu, jeho rekonstrukce je také
s ohledem na zajisténi novych bezpecnostnich standardt
a s tim souvisejicim zvétSenim prijezdného profilu ne-
rentabilni. Po dokonceni stavby bude tedy piivodni tunel
zasypan, zustanou zachovédny jen pavodni, pamditkoveé
chranéné portaly.

Oba portaly se nachdzeji v hlubokych zarezech s vys-
kou svahi az 20 m. Staveni jamy jsou zajiStény prevr-
tavanymi pilotami DN1200. Hlavni prace na zajistovani
portalt byly zahdjeny na jare 2025. Vychodni portdl je
jiz témér pripraven na zahdjeni raZzeb na konci dubna
2026 (obr. 1 a2).

Pilotové stény byly dokonceny v 1été€ lonského roku,
Zelezobetonové koruny stén (prevazky) a rozpéry v pod-
zimnich mésicich roku 2025.

Na zacatku tohoto roku bylo realizovano kotveni v prv-
ni kotevni Grovni a nyni probiha realizace dalSich Zelezo-
betonovych prevazek a vrtani mikropilotového deStniku
pro razbu. Na zapadnim portéle byly dokonceny pilotové
stény v lednu 2026 a nyni probiha odtéZeni stavebni jamy
v soubéhu s ostatnimi zajiStovacimi pracemi. Zafizeni stavenisté
na vychodnim portale je jiz pripraveno véetné¢ opravarenské haly
a mobilni betondrny pro vlastni razbu tunelu. Dokonceni tunelu je
planovano na konec roku 2028.

Ing. PAVEL FARSKY, pfarsky@subterra.cz,
Ing. JAN FRANTL, jfrantl@subterra.cz,
Subterra a.s.

VYSTAVBA DALNICNIHO TUNELU HOLSTEIN A USEK SONTRA — WEST BIS TB RIEDMUHLE
CONSTRUCTION OF THE HOLSTEIN MOTORWAY TUNNEL AND SONTRA

— WEST BIS TB RIEDMUHLE SECTION

In the spring of 2025, the company Subterra a.s., in association
with BEMO Tunnelling and Stutz/Rédlinger, started excavations
of the Holstein twin-tube motorway tunnel (1667 and 1659m
long, including cut-and-cover sections in lengths of 38m and
42m), which is situated on the gradually emerging A44 motorway,
in this case on the edge of the German mining town of Sontra
in northern Hesse. A year after commencing excavations, 1290m
were excavated in the top heading
of the eastern tunnel tube (ETT)
and 1210m in the top heading of
the western tunnel tube (WTT). In
more than half of the entire length of
both tunnel tubes, the excavations of
the bench and invert are completed.
Out of seven total cross passages,
five are already excavated. The
breakthrough of the ETT is planned
for April, and the WTT for May
2026. Concreting of the final lining
started last December with the invert
of the left tube. Also, the concreting
of the WTT invert has been ongoing
since February 2026. Waterproofing
and reinforcing of the top heading
is already taking place here; its
concreting will commence in April.
Concreting of the top heading in
the ETT will begin in May after

Obr. 1 Portdal VIT a ZTT (pohled zprava) tunelu Holstein
Fig. 1 ETT and WTT portal (view from the right) of the Holstein tunnel

breaking through the tunnel and disassembling the ventilation.
Besides the motorway tunnel itself, the contract includes service
buildings North and South, motorway section excluding the
tunnel (ca. 850m), measures in places where karst phenomena
occur, a retention reservoir, retaining walls, a temporary road,
and structures for winter motorway maintenance. Completion is
expected at the beginning of 2030.
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Obr. 2 BetondZ spodni klenby ZTT tunelu Holstein
Fig. 2 Concreting the WIT lower invert of the Holstein tunnel

Na jafe 2024 podala spolecnost Subterra a.s. ve sdruzeni s fir-
mou BEMO Tunnelling a spolecnosti Stutz/Réddlinger nabidku na
realizaci dalni¢niho tunelu o dvou tubusech, ktery je situovan na
postupné vznikajici dalnici A44 v tomto pfipadé na okraji némec-
kého hornického mésta Sontra v severnim Hesensku.

Razby obou tubust byly zahdjeny na jare 2025 a probihaji ve
velmi proménlivych a narocnych hydrogeologickych podminkach
(obr. 1 az 3).

Tunely Holstein maji délku 1667, resp. 1659 metrt, a to véetné
hloubenych ¢asti v délkach 38 m a 42 m.

I pres fadu Casové narocnych geotechnickych opatfeni a maxi-
malni moznou délku zébéru pouhych 1,0-1,3 m, je po roce od
zahdjeni raZeb vyraZeno v kaloté vychodni tunelové trouby (VTT)
1290 m a 1210 m v kaloté zapadni tunelové trouby (ZTT).

Razby opefi a dna jsou dokonceny v obou tunelovych troubich
za polovinou celkové délky tuneld.

Z celkem sedmi tunelovych propojek je jiz vyrazeno pét. Pro-
razka VTT je naplanovéana v dubnu a ZTT v kvétnu 2026.

BetonaZz definitivniho osténi byla zahdjena v prosinci roku 2025
dnem VTT. Od unora roku 2026 se provadi také betondZ dna

ZPRAVY 2 TUNELARSKYCH KONFERENCI
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Obr. 3 Zajisténi vyraZeného tviseku opéii a dna tunelu Holstein
Fig. 3 Securing in a section of the excavated bench and invert of the Holstein
tunnel

v ZTT. Zde jiz probihd pokladka hydroizolace a montdZ armatury
pro klenbu, jejiZ betondZ bude zahdjena v dubnu. Ve VIT bude
betondz klenby zahdjena v kvétnu po proraZeni tunelu a demon-
tazi vétrani.

Tunelové bloky maji standardni délku 12,5 m a v iseku WUBCO
(velké pritoky podzemni vody) se zvySenou odolnosti proti pro-
nikéni tlakové vody pouze 10 m. TlouStky Zelezobetonové vodo-
nepropustné konstrukce se pohybuji v zdvislosti na geologické
situaci od 400 mm do 1000 mm a ve dné od 400 mm do 800 mm
v klenbé, kde jsou pouzity jako pfimés do betonu PP vlakna. Dno
je betonovano pomoci forem dodanych spole¢nosti Ostu Stettin
a klenba pomoci betondznich sestav od spolecnosti Kern.

Kromé vlastniho dalni¢niho tunelu jsou soucasti zakazky pro-
vozni budovy Sever a Jih, dalni¢ni dsek mimo tunel (cca 850 m),
opatieni v mistech vyskytu krasovych jeva, reten¢ni nadrz, opérné
zdi, docasné komunikace a objekty pro zimni tidrzbu délnice.

Dokonceni se predpoklada na zacatku roku 2030.

Ing. PAVEL FARSKY, pfarsky@subterra.cz,
Ing. JAN FRANTL, jfrantl@subterra.cz,
Subterra a.s.

NEWS FROM TUNNELLING CONFERENCES

ZELEZNICNIi MOSTY A TUNELY: JUBILEJNI ROCNIK
RAILWAY BRIDGES AND TUNNELS: JUBILEE EDITION

The 30™ annual Zelezni¢ni mosty a tunely (Railway bridges
and tunnels) conference was held on the 22" of January 2026
and, after three decades of its existence, has become a respected
platform for an exchange of experience in the field of design,
construction, and maintenance of bridge and tunnel structures. The
conference traditionally brings together experts from infrastructure
administration, design, investment, and construction companies,
offering a platform to present interesting projects, new technologies,
and current trends in the field.

Dne 22. ledna 2026 probéhl jiz 30. ro¢nik konference Zelezni¢ni
mosty a tunely, ktera se za tfi desetileti své existence stala respek-
tovanou platformou pro vyménu zkuSenosti v oblasti projektova-
ni, vystavby a spravy mostnich a tunelovych staveb. Konference

tradi¢né spojuje odborniky z fad spravct infrastruktury, projek-
tantl, investorQ i stavebnich firem a nabizi prostor pro prezenta-
ci zajimavych realizaci, novych technologii i aktudlnich trendil
v oboru.

Program leto$niho ro¢niku pfinesl fadu zajimavych prednasek —
od rekonstrukci vyznamnych mostnich objekti na ¢eské Zeleznicni
siti pres projekty modernizace trati azZ po zkuSenosti ze zahranic-
nich infrastrukturnich projekta.

Konference letos znovu potvrdila, Ze odborné setkani maji v na-
spiraci, ale také prostor pro osobni setkani lidi, ktefi se podileji na
rozvoji Zelezni¢ni infrastruktury v Ceské republice.

JAKUB PTACINSKY, SUDOP PRAHA a.s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D - NOVA LINKA PRAZSKEHO METRA

Dne 29. 6. 2026 se doZijeme pétiletého vyroci podpisu smlouvy
s vybranym zhotovitelem stavebni Casti prazského metra D useku
Pankrac—Olbrachtova, kterym je SdruZeni Metro I.D se spole¢niky
Subterra a.s., HOCHTIEF CZ a.s., Hochtief Infrastructure GmbH,
STRABAG a.s. a Ed. Ziiblin Aktiengesellschaft. Tato skutecnost
si jisté zaslouZzi nasi zvySenou pozornost, a nase dnesni aktualita
proto bude tak trochu z pohledu realizace tohoto tseku i malinko
bilancovat.

Vlastni stavba tseku Pankrac—Olbrachtova ovSem zacala aktem
predani staveni$té az v breznu 2022, tedy témér o rok pozdéji opro-

Obr. 1 Momentka z raZeb kaloty stanice Pankrdc
Fig. 1 Snapshot from the excavation of the top heading at the Pankrdc station

ti datu podpisu realizacni smlouvy
s objednatelem Dopravni podnik
hl. m. Prahy, kde hlavnim diivodem
tohoto Casového prodleni byla nut-
nost vyporadani legislativy v proce-
su odvolani do hlavniho stavebniho
povoleni. SoubéZné s vlastni realiza-
ci stavby je jeji soucasti i provadéni
komplexniho geotechnického mo-
nitoringu a pasportizace, které pro
stavbu zajiStuje sdruZeni spolecnosti
SG Geotechnika a.s., INSET s.r.o.,
GeoTec-GS a.s. a PUDIS a.s. V ne-
posledni fadé je také nutné zminit, Ze
autorsky dozor je zajiStovan spolec-
nosti METROPROJEKT Praha a.s.
a technicky dozor a ¢innosti koordi-
nitora BOZP vykondva spolecnost
InZenyring dopravnich staveb a.s.
OvSem tim hlavnim sdélenim
dneSnich bilan¢nich aktualit je sku-
tenost, Ze k dneSnimu datu, tedy

THE CZECH REPUBLIC
METRO D — NEW LINE OF THE PRAGUE METRO

On 29/06/2026, we will live to witness the 5-year anniversary
since contract signing with the chosen contractor for the
construction part of the Pankrac — Olbrachtova section of the Prague
D metro, which is the Metro I.D association. Its members include
Subterra a.s., HOCHTIEF CZ a.s., Hochtief Infrastructure GmbH,
STRABAG as., and Ed. Ziiblin Aktiengesellschaft. This reality
surely deserves our heightened attention, and for that reason, our
news today will include the view of the construction of this section,
and it will also be a little bit of an assessment.

Although the construction of the Pankrac—Olbrachtova section
itself began with the act of a construction site
handover only in March of 2022, so almost a year
later in comparison to the date of implementation
documentation signing with the contract owner
Dopravni podnik hl. m. Prahy. The main reason for
this delay was the need to take care of legislation
regarding the appeal process to the main building
permit. Concurrently with the construction itself,
its components are also complex geotechnical
monitoring and condition surveys that are secured
by an association of companies SG Geotechnika a.s.,
INSET s.r.o., GeoTec-GS a.s., and PUDIS a.s.
Finally, it is also necessary to mention that designer
supervision is managed by the METROPROJEKT
Praha a.s. company, and technical
alongside safety coordination is being done by the
company InZenyring dopravnich staveb a.s.

Although the primary message of our assessment-
style news is the fact that, as of today, after ca.
four years of construction, it is possible to state
that out of the volume of shell construction in the

supervision

Obr. 2 Pohled z Cela stanice Pankrdc na razbu prestupni chodby
Fig. 2 View from the face of the Pankrdc station at the excavation of the transfer corridor




Obr. 3 Pohled na provedenou izolaci dvoukolejného tratového tunelu
Fig. 3 View of the finished waterproofing of the twin-track tunnel

cca po Ctyfech letech vystavby, 1ze konstatovat, Ze v obsahu hru-
bé stavby useku stavby Pankrdc—Olbrachtova jsou vSechny raz-
by aZ na malé vyjimky téméf dokonceny a Ze podobnou cestou
za jiz provedenymi razbami Uspé$né postupuji i betonaze defini-
tivni obezdivky vSech objekti. Po celé Ctyrleté realizacni obdobi
bylo vSe provadéno v souladu s platnym harmonogramem a bez
skute¢nosti mimoradné udalosti, za coZ je zde a na tomto misté
vSem zucastnénym potieba podékovat, takze dékujeme barabové!
V souladu s vySe uvedenym muzeme také fict, Ze opravdu posledni
razby jiz probihaji pouze ve stanici Pankrac, které jsou i tady jiz
z 95 % dokoncCeny a zbyva zde vyrazit posledni jednotlivé met-
ry kaloty a jadra z celkového vyrubu stanice. V celkovych ¢islech
bylo ke dni 28. 2. 2026 vyraZeno cca 258 000 m? rubaniny a prove-
deno 73 900 m? stiikaného betonu pro zaji$téni priméarniho osténi
(obr. 1,2,3a4).

KdyzZ se bilancuje, tak se hledi do minulosti, ale nesmime také
zapominat na budoucnost projektu Metro D, protoZe i ta do cel-
kové bilance urcité patii. A pro dalsi vyvoj projektu je jist€ dob-
ré, 7e dne 9. 2. 2026 UOHS svym rozhodnutim zamitl ndmitky
navrhovateli a neshledal v postupu zadavatele Dopravni podnik
hl. m. Prahy v soutéZi na zhotovitele dalsiho realizacniho useku
Olbrachtova — Nové Dvory poruseni zdkona. MoZnost zahajeni dal-
§i Casti stavby se timto zdsadnim rozhodnutim tak zase posunula
o kousek kupredu. Nezapomina se i na dalsi tseky stavby, protoZe
METROPROJEKT Praha a.s. na zékladé pokynu objednatele zpra-
covava projektovou dokumentaci pro projednani zmény zaméru tse-
ku Pankrac — Namésti Miru, kde by mohlo byt cca od cervna 2026
zahdjeno jeji projednéni s dotéenymi organy statni spravy a spravci
inZenyrskych siti. Zaroveti v ramci tohoto tseku probiha vybér orga-
nizace pro zajisténi archeologického zachranného prizkumu.

Tolik k dneSnimu aktudlnimu bilanénimu ohlédnuti za pétile-
tym vyrocim podpisu realizacni smlouvy vystavby metra tseku
Pankrdc—Olbrachtova. Zavére¢né préani, respektive tivaha o tom,
abychom vyvoj projektu z klasifikace ,,dobré*“ mohli povysit na
klasifikaci ,,vyborné“, zni tak, zda budeme moci pristé jiz také
zverejnit i datum podpisu realiza¢ni smlouvy na dalsi usek stavby
Olbrachtova — Nové Dvory, a proto a zato — Zdar Buh!

Ing. BORIS SEBESTA, borissebesta61@gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz
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Pankrac—Olbrachtova section, almost all
excavations, apart from minor exemptions, are
nearly finished. In a similar manner, even the
concreting of the final lining for all structures is
successfully ongoing following their completed
excavations. Over the course of a four-year
implementation period, everything was carried
out in accordance with the valid time schedule
and without incidents, for which it is necessary
to thank all participants, so thank you, sandhogs!
In harmony with the above-mentioned, we can
also state that the true remaining excavations
are ongoing only in the Pankrac station, and
even here, already 95% are finished, and only
the final remaining meters of the top heading
and invert are left to be excavated. In numbers,
as of 28/02/2026, approximately 258,000m? of
muck was excavated and 73,900m? of sprayed
concrete was used for the securing of primary
lining (Fig. 1, 2, 3, and 4).

When assessing, you look at the past, but we
can not forget the future of the Metro D project,
because even that surely belongs to the assessment. And for further
development of the project, it is surely great that on 09/02/2026,
UOHS decided to dismiss the objections of complainants and did not
find any broken laws in the tender procedure of the contract owner
Dopravni podnik hl. m. Praha for the selection of the contractor for
the next implementation section, Olbrachtova — Nové Dvory. The
possibility of commencing the next construction section, therefore,
moves forward a bit thanks to this decision. Also, do not forget the
following construction sections, since, based on instructions from
the contract owner, METROPROJEKT Praha a.s. is creating design

Obr. 4 Pohled na proved.

[ eskaldtorového tunelu

¢ definitni ost
Fig. 4 View of the finished final lining of the escalator tunnel
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.1/42 BRNO, VMO VINOHRADY - PRUZKUMNA
STOLA"

Od fijna 2024 probihaji prace na podrobném inZenyrskogeo-
logickém prizkumu pro navrh budouciho tunelu Vinohrady na
brnénském velkém méstském okruhu (VMO) formou razby pra-
zkumné $toly. Celkova délka prizkumné $toly umisténé v budou-
ci levé tunelové troubg je 980 m. Investorem stavby je Reditelstvi
silnic a délnic, zhotovitelem sdruZeni ,,Spolecnost Tunel VMO
Vinohrady — GTP* sloZené z firem GEOtest, a.s. (vedouci ucast-
nik), OHLA ZS, a.s., FIRESTA-Fiser, rekonstrukce, stavby a.s.,
Metrostav TBR a.s. a INSET s.r.o. Projektantem realiza¢ni doku-
mentace je AMBERG Engineering Brno, a.s.

Od tunelmetru (TM) 123 probiha razba v prostfedi neogennich
piscitych usazenin, které jsou suché, ulehlé a castecné stmelené.
Vzhledem k dostatecné docasné stabilité¢ vyrubu probihala razba
az do TM 211 v profilu P4, ktery je umistén uvniti profilu kaloty
budouciho tunelu. Profil P4 tvaru podkovy o plose vyrubu 26,64 m?
je zajistén primarnim osténim ze SB tl. 200 mm, pfihradovymi vy-
ztuznymi ramy a dvéma vrstvami KARI siti 6/150/150 mm. Ekono-

vive v

micky vyhodnéjsi profil P4 byl navrZen jako reakce na pfiznivejsi

4 i

Obr. 5 Prechod z profilu P1 na profil P4
Fig. 5 Transition from PI to P4 profile

geotechnické podminky misto pivodné navrzeného
profilu P1 s tuhou rdmovou vyztuzi a primarnim osté-
nim tl. 350 mm. Pfechod z profilu P1 na profil P4 je
patrny na obr. 5.

Od TM 236, kde za¢ina budouci tunel se dvéma
pruhy, byl pro razbu prizkumné Stoly navrZen profil
P5. Jeho vyufZiti se pfedpoklada az do TM 600, kdy
se o¢ekava prechod do horninového prostiedi. Hlavni
podstatou a prinosem profilu PS5, oproti profilu P4, je
jeho umisténi v profilu kaloty tunelu, kdy tvofi jeho
dil¢i vyrub a cca %2 primarniho osténi tvofi primarni
osténi kaloty budouciho tunelu. Vyhoda vyuZziti profi-
Iu PS5 se projevi pfi razbé prizkumné Stoly i pfi razbé
budouciho tunelu. Profil P5 o plose vyrubu 32,97 m?
je zajistén primarnim osténim ze SB tl. 300/200 mm,
ptihradovymi vyztuZznymi ramy a dvéma vrstvami
KARI siti 6/150/150 mm. Umisténi profilu P5 v pro-
filu kaloty budouciho tunelu je na obr. 6.

Tuel

documentation for a debate about a change of intent for the Pankréac
— Nameésti Miru section. Starting ca. in June 2026, a discussion
could begin between affected authorities and administrators of
engineering networks. Also, as part of this section, the selection
of an organisation for a rescue archaeological survey is ongoing.
That is the assessment of the 5-year anniversary of contract
signing for the Pankrdc—Olbrachtova metro section. A final wish is
to be able to improve the rating of the development of this project
from “good” to “great’” next time, if we are able to publish the date
of implementation contract signing for the upcoming Olbrachtova
— Nové Dvory construction section. And on that note, Godspeed!

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

“l/42 BRNO, VINOHRADY VMO - EXPLORATORY
GALLERY"

Work on an in-depth engineering geology survey for the design of
the future Vinohrady tunnel on the large Brno ring road (VMO) has
been underway since October 2024 by way of an exploratory gallery
excavation. The total length of the exploratory gallery, which is
placedinthe futureleft tunnel tube, is 980m. The contract owneris the
Directorate of Roads and Motorways, the contractor is an association
»Spolecnost Tunel VMO Vinohrady = GTP*, which includes
companies GEOtest, a.s. (leading participant), OHLA ZS, a.s.,
FIRESTA-Fiser, rekonstrukce, stavby a.s., Metrostav TBR a.s.,
and INSET s.r.o. The designer of construction documentation is
AMBERG Engineering Brno, a.s.

Starting with tunnel meter (TM) 123, the excavation is taking
place in sandy Neogene sediments, which are dry, dense, and
partially cemented. Due to sufficient temporary face stability, the
excavation took place in the P4 profile up until TM 211, which
is placed inside the top heading profile of the future tunnel. The
P4 horseshoe-shaped profile with an excavation area of 26.64m? is
secured by primary lining made from 200mm thick SC, reinforcing
lattice girders, and two layers of 6/150/150mm KARI wire mesh.
The economically more suitable P4 profile was designed as
areaction to more favourable geotechnical conditions in comparison
to the originally designed P1 profile with rigid frame reinforcement
and 350mm thick primary lining. The transition from the P1 profile

Obr. 6 Umisteni profilu P5 v profilu kaloty budouciho tunelu
Fig. 6 Placement of the P5 profile in the future tunnel top heading

to the P4 profile is evident in Fig. 5.

—=
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K 20. 3. 2026 bylo vyrazeno 336 m priizkumné Stoly véetné dvou
roz$ifeni délky 25 m na celou §itku kaloty budouciho tunelu. Pra-
mérna rychlost razby, kterd je Castecné limitovdna piistupem do
dila prostfednictvim t€Zni Sachty hloubky 25 m, se ustdlila v pro-
stiedi sedimentt v profilu P4 a P5 na 2,4 m/den (zabér délky 1,2 m
v kazdé 12hodinové sméng¢).

Ing. TOMAS JUST,
OHIA 7S, a.s.

TUNEL DOLNi RADECHOVA

Tunel Dolni Radechova predstavuje vyznamny stavebni objekt
v ramci realizace stavby 1/33 Nachod — obchvat, jejimz cilem je
zlepSeni dopravni situace ve mésté Nachod a jeho okoli. Hlav-
nim divodem ndvrhu tunelu na této trase je nutnost prekonani
geomorfologicky clenitého tzemi jihovychodné od obce Dolni
Radechova. Tunel prekonavd dva hibety s nadmoiskou vyskou
391,1 a 394,0 m, pficemz nadlozi misty dosahuje az 25 m. Mezi
témito hrbety se priblizné ve stfedu tunelu nachazi pricné tdoli,
kde je vzhledem k nizkému nadloZi tunel realizovdn v oteviené
stavebni jamé. Tunelova trouba je tak rozdélena na dva razené a tii
hloubené useky (obr. 7).
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Starting with TM 236, where two lanes begin in the future tunnel,
the P5 profile was designed. Its use is expected up until TM 600,
where a transition into a rock environment is expected. The main
logic and benefit of the P5 profile, compared to the P4 profile, is its
placement in the profile of the top heading of the tunnel, where it
forms its excavation sequence, and ca. ¥2 of its primary lining forms
the lining of the top heading of the future tunnel. The benefit of using
the P5 profile will arise during the excavation of the exploratory
gallery as well as during the excavation of the future tunnel. The P5
profile with an area of excavation of 32.97m? is secured by primary
lining made of 300/200mm thick SC, reinforcing lattice girders,
and two layers of 6/150/150mm KARI wire mesh. The placement
of the P5 profile in the profile of the future tunnel top heading is
evident in Fig. 6.

As of 20/03/2026, a total of 336m of the exploratory gallery
has been excavated, including two 25m long enlargements into
the complete width of the future tunnel top heading. The average
excavation speed, which is partially limited by access into the work
through a 25m deep hoisting shaft, settled in the environment of
sediments of profiles P4 and P5 at 2.4m/day (1.2m long advance in
each 12-hour shift).

Ing. TOMAS JUST,

OHIA 78, a.s.
DOLNi RADECHOVA
TUNNEL
The Dolni Radechova tunnel

presents an important construction
structure within the implementation
of the 1/33 Nachod bypass structure
that has the goal of improving
traffic in the city of Néchod
and its surroundings. The main
reason for designing a
in this section is the need to
overcome a geomorphologically
varied environment southeast of
the Dolni Radechovd town. The
tunnel surmounts two ridges with
heights above sea level of 391.1
and 394.0m, whilst the overburden
locally reaches 25m. A transverse
valley is located approximately in

tunnel

Obr. 8 Portdl Babi
Fig. 8 Babi portal

the middle of the tunnel between
these two ridges, where the tunnel is
built in an open construction pit due
to the low overburden height. This
way, the tunnel tube is separated
into two excavated and three cut-
and-cover sections (Fig. 7).

At the time of preparing this article,
exactly one year had passed since the
groundbreaking ceremony, which
took place on 11/03/2025 with the
laying of the cornerstone. Over the
last period, three construction pits
were constructed — Dolni Radechova
portal, intermediate section, and
Babi portal (Fig. 8).
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Obr. 9 Odtézba rubaniny
Fig. 9 Muck extraction

V dobé zpracovéni tohoto prispévku uplynul pravé jeden rok od
slavnostniho zahdjeni stavby, které probéhlo dne 11. 3. 2025 pokle-
panim zéakladniho kamene. Za uplynulé obdobi byly vybudovany
tfi stavebni jamy — portdl Dolni Radechova, stfedni tsek a portél
Babi (obr. 8).

Razba tunelu byla zahijena dne 16. 10. 2025 z portalu Dolni
Radechova. Prvni tsek raZené Casti byl dspésné proraZen dne
20. 1. 2026, pricemz prorazka druhého udseku je planovana na
26. 3. 2026 (obr. 9).

Soubézné s postupem razeb probiha realizace podkladnich be-
tontl pro zakladové pasy sekunddrniho osténi. Paralelné jsou pri-
pravované stavebni objekty predchdzejici sekunddrnimu osténi,
zejména drenazni odvodnéni a hydroizolacni vrstvy.

Ing. MICHAL MARICAK,
Marti a.s.

Tuel

The excavation of the tunnel
began on 16/10/2025 from the
Dolni Radechovéd portal. The first
part of the excavated section was
successfully broken through on
20/01/2026, whilst the breakthrough
of the second part is planned for
26/03/2026 (Fig. 9).

Ongoing concurrently with
excavations is the construction of
blinding concrete for the foundation

strips of the secondary lining.
Structures  preceding  secondary

lining are being prepared in parallel,
mainly drainage and waterproofing
layers.

Ing. MICHAL MARICAK,
Marti a.s.

1/16 JIZERNi VTELNO — RELOCATION

The construction site is located in the Central Bohemian Region,
approximately 7km south-west of Mlada Boleslav near the town
of Jizerni Vtelno. The current 1I/16 road in the relocated section
surmounts a large elevation difference by way of two hairpin turns
with minimal radii and then goes through the middle of a town.
Multiple places with unsatisfactory horizontal curve radii for
the passage of cargo automobiles with trailers are in the town,
damaging the surrounding housing development.

The design places the relocation in areas where it is impossible
to build houses within the developed area. The western part of
the relocation then leads across agricultural land, goes through
a tunnel, in a short section over forest land, and then returns to

1/16 JI;ERNI' VTELNO - -
PRELOZKA :

Stavba se nachdzi ve Stfedoces-
kém kraji priblizné 7 km jihozapad-
né od Mladé Boleslavi u obce Jizerni
Vtelno. Stavajici silnice 1/16 v pre-
kladaném duseku prekondva velké
prevySeni dvéma vliasenkovymi za-
tdCkami o minimélnich polomérech
a pak prochézi sttedem obce. V obci
se nachazi ne¢kolik mist s nevyhovu-
jicimi poloméry smérovych oblouku
pro prujezd nakladnich automobild
s privésy, které okolni zastavbu po-
Skozuji.

Prelozka je navrzena na nezasta-
vitelnych plochach v zastavéném
uzemi. V zapadni Casti vede preloz-
ka po zeméd¢lské padeé, pak procha-
zi tunelem, v kriatkém useku vede
po lesnich pozemcich a vraci se do
stavajici stopy silnice 1/16. Stavba
v celém rozsahu lezi v k. a. Jizerni
Vtelno.

i A

Obr. 10 Pohled do stavebni jamy od vychodu (stav k 10. 3. 2026)
Fig. 10 View into the construction pit from the east (status quo 10/03/2026)
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Obr. 11 Pohled zdpadnim smérem na stavebni jamu s mostnim provizoriem k zdmku Strdnov
Fig. 11 Western view of the construction pit with a makeshift bridge towards the Strdnov Chdteau

Hlavnimi objekty stavby jsou objekt prelozky komunikace —
hlavni trasa (SO 101) a tunel (SO 601). Hlavni trasa je navrZena
v kategorii S 9,5/80 resp. 70 km/h v ¢4sti, kde nejsou pro rychlost
80 km/h dodrZeny rozhledové poméry, v misté stoupani (8 %) ve
sméru Mlada Boleslav — Mélnik je rozsifena o pridavny pruh ve
stoupani v délce 713 m. Hloubeny tunel je navrZen v kategorii TD,
v délce 270 m. Bude to tfipruhovy obousmérny tunel a umoZni pro-
stup silnice I/16 skalnim masivem nachdzejicim se pod zdmkem
Stranov (obr. 10, 11 a 12).

Trasa komunikace je v misté tunelu smérové vedena ve dvou pro-
tismérnych obloucich. Jedna se o hlou-

the current footprint of the 1/16 road. The
entire construction site lies inside the
cadastral area of Jizerni Vtelno.

The main construction structures are
the road relocation — main route (SO 101)
and the tunnel (SO 601). The main route
is designed as category S 9,5/80, or rather
70km/h in the section where visibility
conditions for the speed of 80km/h are
not met. In an incline (8%) towards Mlada
Boleslav — M¢lnik, it is widened by an
additional 713m long lane. The cut-and-
cover tunnel is designed as category TD
with a length of 270m. It will be a three-
lane two-way tunnel, enabling the 1/16
road to pass through a rock massif located
underneath the Stranov Chateau (see Fig.
10, 11 and 12).

The route of the road in the tunnel
section is aligned in two opposing curves.
It is a cut-and-cover tunnel constructed
in a cut, excavated downhill from the
western portal towards the eastern one.
This method of construction is reliant
on the possibility of placing a temporary
storage site, which lies in an area at the
start of the future road.

The construction pit will be and partially already is secured
not only by anchored soldier pile lagging, but also by sprayed
concrete and nailing in the rock cut. Construction pit securing was
coordinated with a makeshift bridge to guide engineering networks
and pedestrian traffic across the construction pit into the Stranov
village.

From the viewpoint of regional-geology partitioning of the
Czech massif, the area of interest belongs to a unit of the Czech
Cretaceous basin, part of the Jizera facies area. Deposits of the Upper

beny tunel budovany v zarezu, ktery je
hlouben tpadné, od zapadniho portalu
smérem k vychodnimu. Tento zpusob
vystavby je podminén moZznym mistem
umisténi mezideponie, které leZi na plo-
Se zac¢atku budouci trasy komunikace.

Zajisténi stavebni jamy bude a z ¢as-
ti uz je jednak kotvenym zaporovym
pazenim, jednak skalnim vykopem
zajiSténym stfikanym betonem s hre-
bikovanim. Zaji$téni jamy bylo koor-
dinovdno s mostnim provizoriem pro
prevedeni inZenyrskych siti a pési do-
pravy do osady Strdnov pies stavebni
Jjamu.

Z hlediska regionalné-geologického
¢lenéni Ceského masivu spadd zdjmové
tizemi do jednotky Ceska k¥idova panev,
Cast jizerska facidlni oblast. UloZeniny
svrchni kiidy buduji horninovy masiv
v podlozi kvartérniho patra ve znac-
né mocnosti, kterd vysoce presahuje
hloubky vyznamné pro geotechnicka
posouzeni dil¢ich objektd navrhované
stavby. Z tohoto hlediska pak jiZ neni

i )

a hairpin

B §

Obr. 12 Pohled 7 koruny jamy na mostni provizorium, faru, zdmek Strdnov a pod zdmkem na ,,tocku‘‘
Fig. 12 View from the crest of the pit of the makeshift bridge, parish house, Strdanov, and beneath the palace,
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nutné se zabyvat star$im krystalinickym podkladem kfidovych ulo-
Zenin.

P1i hloubeni stavebni jadmy byly z hlediska hornin predkvartér-
niho podkladu zastizeny v zdjmovém uzemi svrchnokiidové se-
dimenty, které jsou stratigraficky razeny ke stfednimu turonu az
coniaku a zastoupeny jsou zde horninami teplického a jizerského
souvrstvi. Litologicky zde dominuji piskovce s vapnitojilovitym
tmelem (jizerské souvrstvi) v rizném stupni zvétrani a rozpukani.
V zépadni ¢asti izemi jsou prekryty sliny (teplické souvrstvi), cha-
rakteru vysoce plastickych jilu, pevné konzistence, o mocnosti do
3 m. Ve vychodni ¢asti izemi byly sliny erodovany.

Ing. MARTIN CERMAK, cermak.martin@inset.com,
INSET s.r.o.,

Dipl. Ing. JURAJ ORTUTA, jortuta@amberg.sk,
Amberg Engineering Slovakia, s.r.o0.

DOKONCENI BETONAZi SEKUNDARNIHO OSTENI
NA KOLEKTORU HANGAR G NA LETISTI VACLAVA
HAVLA V PRAZE

Dne 24. inora 2026 byl na kolektoru Hangar G raZenym pod le-
tiStém Vaclava Havla v Praze vybetonovan posledni blok betonaze
sekundarniho osténi. Tim uspésné skoncila vystavba hlavnich nos-
nych konstrukci razené ¢asti kolektoru, ktery pro investora Letisté
Praha a.s. podle realizacni dokumentace firmy SAGASTA prova-
déla v subdodévce pro firmu Metrostav DIZ firma Pohl CZ. Kolek-
tor celkové délky 298 m byl raZzeny ve dvou dsecich mezi Sachtami
TK7, S08 a S09 pomoci NRTM s dvouplastovym osténim. Betonaz
sekundarniho osténi probihala do deformacné ustaleného primar-
niho osténi ze stiikaného betonu vyztuzeného ocelovymi sit€mi
a prihradovymi ramy. VyztuZ byla provddéna standardné jako sa-
monosnd (obr. 13). Pro zajiSténi vodot&snosti kolektoru byl pouZzit
systém kombinujici sekundarni osténi z vodotésného betonu s tés-
nénim pracovnich spar pomoci vnitinich té€snicich pasu s pojistnym

T
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foto Ing. Martin Baldz, SAGASTA s.r.o. photo Ing. Martin Baldz, SAGASTA s.r.o.

Obr. 13 Samonosnd vyztuz horni klenby
Fig. 13 Self-supporting reinforcement of the upper vault

TuNel

Cretaceous build the rock massif in the underlying Quaternary
level at great thickness, which highly exceeds the depths important
for geotechnical assessments of partial structures of the designed
project. With respect to that, it is then not necessary to address the
older crystalline base of Cretaceous deposits.

Over the course of construction pit excavation, when it comes to
the Pre-Quaternary base rock encountered in the area of interest,
the Upper-Cretaceous sediments are stratigraphically classified
into the Middle Turonian to Coniacian. The rock of the Teplice and
Jizery formations are also represented here. Dominating in terms
of lithology are sandstones with a calcareous clay binder (Jizery
formation) in varying states of weathering and breaking. They are
covered by marl (Teplice formation) in the western part of the area,
with the characteristics of highly plastic clays, solid consistency, and
a thickness of up to 3m. Marl was eroded in the eastern part of the
territory.

Ing. MARTIN CERMAK, cermak.martin@inset.com,
INSET s.r.o.,

Dipl. Ing. JURAJ ORTUTA, jortuta@amberg.sk,
Amberg Engineering Slovakia, s.r.o.

FINISHING CONCRETING OF SECONDARY LINING
AT THE HANGAR G UTILITY TUNNEL AT THE
VACLAV HAVEL AIRPORT IN PRAGUE

The last concreting block of secondary lining at the Hangar G
utility tunnel that is excavated under the Vaclav Havel Airport in
Prague was finished on the 24" of February 2026. This marked
the successful completion of primary load-bearing structures
for the excavated section of the utility tunnel, which was carried
out according to implementation documentation made by the
SAGASTA company for the contract owner LetiSté¢ Praha a.s. by
POHL CZ as a subcontractor on behalf of Metrostav DIZ. The
utility tunnel with a length of 298m was
excavated in two sections between shafts TK7,
S08, and S09 using the NATM method with
two-pass lining. Concreting of the secondary
lining was carried out following the steadying
of deformations of the primary lining, which
includes sprayed concrete, reinforcing steel
meshes, and lattice girders. The reinforcement
was self-supporting, as is standard (Fig. 13).
To secure the watertightness of the utility
tunnel, a system was used that combines
secondary lining made of impervious concrete
and construction joint seals that use inner
sealing strips with safety systems enabling
their additional grouting in case of leaks. To
limit transfer of sheer stresses between the
primary and the secondary lining, a separation
film was used (Fig. 14). Secondary lining with
a minimal thickness of 300mm was concreted
in 10m long sections. A total of 18 concreting
blocks were poured between shafts TK7 and
S08, and in the section between shafts SO8
and S09, a total of 12 concreting blocks.
Concreting blocks connected to shafts had an
atypical length.
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systémem umoznujicim v pfipadé ne-
tésnosti dodatecnou injektdZ vnitinich
tésnicich pasti. Pro zamezeni prenosu
smykovych napéti mezi primarnim a se-
kundarnim osténim byla pouZita sepa-
racni folie (obr. 14). Sekundarni osténi
minimalni tlou$tky 300 mm bylo betono-
véno po sekcich délky 10 m. Mezi Sachta-
mi TK7 a S08 bylo vybetonovano celkem
18 bloka betonéze, v tseku mezi Sachta-
mi SO8 a S09 celkem 12 blokd betondZe.
V napojeni na Sachty mély bloky betonaze
atypickou délku.

Provadéni sekundarniho osténi kom-
plikovaly pfi instalaci separacni fOlie,
montazi vyztuze i pri vlastni betonazi
do posuvného bedniciho vozu stisnéné
prostorové podminky. Dals§i komplika-
ci pfi armovani i betondzi predstavovaly
atypické bloky betondZe ve dvou lomech
kolektoru. Prace vyzadovaly od zhoto-
vitele peclivy navrh postupu vystavby
a kreativni pfistup napf. k zajiSté€ni Cer-
pani betonu do podzemi pomoci k tomu
provedenych vrtii. Pro spodni klenbu bylo
potieba uloZit 176 tun vyztuZze a 830 m? betonu. Horni klenba
vyzadovala montaz 180 tun vyztuze a 1 175 m? betonu. Primarni
a sekundarni osténi oddélovalo 5 075 m? separacni folie.

I kdyZ co do délky a objemu praci nejde na prvni pohled o vy-
znamné podzemni dilo, razba tunelu o profilu vétSim nez tratovy
tunel metra ve slozitych geotechnickych podminkach, s minimal-
nim nadloZim pouhych 5-6 m zeminy, s raZbou pod provozovanou
komunikaci a potrubim vysokotlakého plynu si zaslouzi velkou
gratulaci, respekt a uznani vSem, ktefi se na uspésné vystavbé po-
dileli a dokazali operativné reagovat na uskali, kterd jim geotech-
nické i logistické podminky stavby pfinasely.

Obr. 14 Separacni folie
Fig. 14 Separation film

Ing. LIBOR MARIK, libor.marik@sagasta.cz,
SAGASTA s.r.o.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNE)J SIETI

Tunel Okruhliak

Tunel Okruhliak je stcastou navrhovanej rychlostnej cesty R4
PreSov — severny obchvat II. etapa km (4,3—14,5), ktora je sti¢astou
rychlostnej cesty v useku Statna hranica SR/Polsko — Vys$ny Komar-
nik — Milhost — Statna hranica SR/Madarsko. Zhotovitelom 10,2 km
dlhej trasy severného obchvatu PreSova je zdruZenie ,,R4 severny
obchvat Presova II. etapa® na cele so spolocnostou Eurovia SK.
Dal§imi ¢lenmi zdruZenia sd spolocnosti Eurovia CS, SMS,
VAHOSTAV a Marti a.s.

Prace na tuneli Okruhliak prebiehaji zo zdpadného portilu
v nepretrzitom reZime 24 hodin, 7 dni v tyZdni. Na stavbe sa po-
dielaju desiatky tunelarov a technikov, ktori koordinuji narocné
¢innosti spojené s razenim a budovanim primarneho ostenia, ako aj
s technickou pripravou dalSich prac na tuneli. Na zdpadnom portali
je k polovici marca 2026 vyrazenych v LTR 1456,57 m a v PTR
1301,87 m, z vychodného portalu je vyrazenych v LTR 246,45 m
av PTR 110,42 m.
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Cramped spatial conditions complicated the construction of
the secondary lining during the installation of the separation film,
assembly of reinforcement, and even concreting into the movable
concreting traveller. Another complication during reinforcing and
concreting was presented by atypical concreting blocks in two bends
of the utility tunnel. Work required thorough design of construction
procedures on the side of the contractor and a creative approach
to, for example, securing concrete pumping into the underground
using specifically drilled boreholes. The lower vault required the
installation of 176 tons of reinforcement and the pouring of 830m?
of concrete. The upper vault required the installation of 180 tons
of reinforcement and 1,175m?® of concrete. The primary and the
secondary lining were separated by 5,075m? of separation film.

At first glance, this is not an important underground structure due
to the length and amount of work. Despite that, the excavation of
a tunnel with a profile larger than metro track tunnels and in difficult
geotechnical conditions with minimal overburden of 5—6m of soil,
excavation underneath an operated road, and a pipeline for high-
pressure gas, deserves great praise, respect, and acknowledgment
by everyone who participated in this successful construction and
managed to operatively react to obstacles that geotechnical and
logistical conditions caused.

Ing. LIBOR MARIK, libor.marik@sagasta.cz,
SAGASTA s.r.o.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Okruhliak tunnel

The Okruhliak Tunnel is part of the planned R4 expressway
PreSov — Northern Bypass, Stage II, km (4.3—-14.5), which forms
a section of the R4 expressway running from the state border SR/
Poland — Vy$ny Komarnik — Milhost — state border SR/Hungary. The
contractor for the 10.2km long route of the PreSov northern bypass
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Obr. 15 Priprava na betondZ hornej klenby sekunddrneho ostenia v tuneli Okruhliak
Fig. 15 Preparation for concreting the upper vault of the secondary lining in the Okruhliak tunnel

V stcasnosti razenie prebieha v oboch tunelovych rirach zo za-
padného portalu, konkrétne v LTR vo vystrojovacej triede Va-S1
so zaberom 1,3 m a v PTR vo vystrojovacej triede V-S2 so zabe-
rom 1,7 m. Sibezne s razbami hlavnych tunelovych rur prebicha
razba predposledného priecneho prepojenia PP0O5. V oboch tune-
lovych rirach su zrealizované aj zviacSené profily tunelov v oblasti
nudzovych zalivov. PriebeZzne sa pokracuje v budovani vyklenkov
pre Cistenie drenazneho potrubia, SOS vyklenkov a vyklenkov pre
poZiarny vodovod.

V tunelovych rurach sa zo zdpadného portilu pokraCuje aj
v pracach na Zelezobeténovych spodnych klenbach a zakladovych
pasoch sekunddrneho ostenia. Zelezobetonové spodné klenby si
budované takmer v celej diZke tunela. Paralelne prebicha aj reali-
zacia rubového drenazneho odvodnenia, ktoré bude zabezpecovat
efektivne odvadzanie horninovych vdd z tunela. Vo februari 2026
sa rozbehli taktieZ prace na hornych klenbédch sekundédrneho oste-
nia v LTR, v stcasnosti prebieha montdz debniaceho vozu a armo-
vanie prvého bloku BOO3L sekundédrneho ostenia razeného tunela
(obr. 15).

TUNELY NA ZELEZNICNE)J SIETI

Tunel Spani Haj

Dvojkolajny Zelezni¢ny tunel Spani H4j dizky 711 m je sticastou
stavby ,,Modernizacia Zelezni¢nej trate Zilina — Kogice, tisek trate
Poprad Tatry (mimo) — Krompachy*. Trasa tunela je osadena pod
juhozapadnymi svahmi kopca Spani Haj, v lavostrannych svahoch
Ganovského potoka, zdpadne od obce Vydrnik.

Tunelov4 rira je rozdelen na dseky budované razenim a hibe-
nim. Hibené tiseky budi budované v otvorenej stavebnej jame na
portiloch a nasledne zasypané. Dizka hibenej Casti je 36 m od
vychodného portdlu a 3 m od zdpadného portalu, celkovo 39 m.
Razena Cast tunela je realizovand v zmysle zasad Novej rakiskej
tunelovacej metddy (NRTM) s pouZitim mechanického rozpojova-
nia pomocou tunelbagra v priportilovych oblastiach. Dizka razenej
Casti tunela je 672 m.

TuNel

is the consortium ‘“R4 Northern
Bypass of Presov — Stage II”,
led by Eurovia SK. Other
consortium members include
Eurovia CS, SMS, VAHOSTAV,
and Marti a.s.

Work on the Okruhliak Tunnel
is underway from the western
portal in a continuous 24/7
regime. Dozens of tunnel workers
and technicians are involved in
the construction, coordinating
demanding activities related to
excavation and construction of
the primary lining, as well as
preparing for subsequent works.
As of mid-March 2026, the
following has been excavated
from the western portal: LTR:
1456.57m, PTR: 1301.87m, from
the eastern portal: LTR: 246.45m,
PTR: 110.42m

Excavation is currently pro-
gressing in both tunnel tubes
from the western portal: in the LTR in support class Va-S1 with
an advance of 1.3m, and in the PTR in support class V-S2 with an
advance of 1.7m. Parallel to the excavation of the main tunnel tubes,
excavation of the second-to-last cross passage PP05 is underway.
Enlarged tunnel profiles in the areas of emergency bays have been
completed in both tubes. Work is also ongoing on the niches for
drainage pipe cleaning, SOS niches, and fire water system niches.

From the western portal, work is also continuing on the
reinforced-concrete invert arches and the foundation strips for
the secondary lining. The reinforced-concrete inverts are being
constructed along almost the entire length of the tunnel. At the
same time, installation of the back-side drainage system is in
progress to ensure effective removal of groundwater from the
tunnel. In February 2026, construction began on the upper vaults of
the secondary lining in the LTR; currently, the formwork carriage
is being assembled and reinforcement installed for the first block
BOO3L of the secondary lining of the underground excavation
tunnel (see Fig. 15).

RAILWAY TUNNELS

Spani Haj Tunnel

The double-track railway tunnel Spani H4j, with a length of
711m, is part of the project “Modernization of the Zilina — Kogice
railway line, section Poprad-Tatry (not including) — Krompachy”.
The tunnel route is located beneath the southwestern slopes of the
Spani H4j hill, on the left slopes of the Ganovsky stream, west of
the village Vydrnik.

The tunnel tube is divided into sections constructed by
underground excavation and by cut-and-cover. The cut-and-cover
sections will be built in open excavation pits at both portals and
subsequently backfilled. The length of the cut-and-cover section
is 36m at the eastern portal and 3m at the western portal, for
a total of 39m. The underground excavation part of the tunnel is
being constructed according to the principles of the New Austrian
Tunnelling Method (NATM), using a tunnel excavator in the portal
areas. The underground excavation section is 672m long.




Aktudlny stav vystavby tunela je v druhom marcovom tyzdni
roku 2026 nasledovny:

Dria 26. 2. 2026 bol tunel v lavej Casti kaloty tuspesSne prera-
zeny na zapadnom portdli. Razenie lavice pokracuje smerom od
vychodného portdlu a aktudlne je vyrazenych 547,75 m na lavej
a 542,37 m na pravej strane.

Pred prerazenim vo vzdialenosti cca 50 m od zapadného portilu
bolo pomocou overovacich vrtov identifikované staré banské dielo
,»stolia ¢.13, ktoré sa tiahne stibeZne s trasou tunela a je situované
pri pravom okraji tunelovej riry a vySkovo sa nachadza cca 8 met-
rov pod dnom lavice. Uvedené staré banské dielo bude vyplnené
betdénovou zmesou.

Realizuju sa prace na profildcii primarneho ostenia (obr. 16).
Zmontované a pripravené na prace su izolatérsky voz aj debniaci
voz. Debniaci voz je ustaveny na pozicii bloku &. 1 hibenej Casti
sekundarneho ostenia na vychodnom portali (obr. 17), kde bude
pouzity ako vniutorné debnenie. Na takto pripraveny debniaci voz
sa zaCne viazat vystuz.
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Obr. 16 Reprofildcia primdrneho ostenia v tuneli Spani Hdj
Fig. 16 Reprofiling of the primary lining in the Spani Hdj tunnel

The construction status in the second week
of March 2026 is as follows:

On 26 February 2026, the tunnel was
successfully broken through in the left part
of the top heading at the western portal.
Excavation of the bench continues from the
eastern portal, with 547.75m excavated on the
left side and 542.37m on the right side.

Before breakthrough, approximately 50m
from the western portal, exploratory drilling
identified an old mining work, “Adit No. 137,
running parallel to the tunnel alignment. It is
located near the right edge of the tunnel tube
and lies approximately 8.0m below the bench
level. This old mining work will be filled with
concrete.

Work is underway on profiling the primary
lining (see Fig. 16). Both the waterproofing
installation carriage and the formwork
carriage are assembled and ready. The
formwork carriage is positioned at block

Obr. 17 Debniaci voz pripraveny na montdz vystuze na vychodnom portdli tunela Spani Hdj
Fig. 17 Formwork carriage prepared for reinforcement assembly at the eastern portal of the Spani Hdj
tunnel

V razenej Casti tunela prebiehaji prace na realizacii podklado-
vych beténov pod zakladové pasy a realizacia samotnych zéklado-
vych pasov. Ku diiu 10. marca 2026 je zabetonovanych 12 kusov
zakladovych pasov, kazdy diky 12 m. TaktieZ sa priebeZne reali-
zuje vypliovy betén pod pevnu jazdni drahu.

Tratova rychlost je v tseku s tunelom Spani H4j po moderni-
zacii ZelezniCnej trate uvazZovand 160 km/h, pricom vyhladova
rychlost je 200 km/h pre moznost jazdy jednotiek s vykyvnymi
skrittami. Unikovy chodnik je navrhovany na oboch stranach tune-
la so svetlou vySkou nad chodnikom 2,25 m. Tunel bude vybave-
ny obojstrannymi bezpecnostnymi vyklenkami v celkovom pocte
28 kusov.

Ing. ROBERT ZWILLING, Marti, a.s.,
Ing. MARTIN SMOLKA, Skanska SK a.s.

No. 1 of the cut-and-cover section of the
secondary lining at the eastern portal (see
Fig. 17), where it will serve as internal
formwork. Reinforcement installation will
begin on this formwork carriage.

In the underground excavation section, work continues on the
fill concrete under the foundation strips and construction of the
foundation strips. As of 10 March 2026, 12 foundation strips, each
12m long, have been concreted. Filling concrete under the fixed
track bed is also being placed continuously.

The design speed in the section containing the Spani Haj Tunnel
after modernization of the railway line is 160km/h, with a future
speed of 200km/h possible for tilting-body train units. Evacuation
walkways are planned on both sides of the tunnel with a clear
height of 2.25m above the walkway. The tunnel will be equipped
with bilateral safety niches, 28 in total.

Ing. ROBERT ZWILLING, Marti, a.s.,
Ing. MARTIN SMOLKA, Skanska SK a.s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY V NOVEM YORKU (A OPET NECO NAVIC)
PICTURE POSTCARDS WITH TUNNELS IN NEW YORK (AND ONCE AGAIN SOME MORE)

New York City (NYC) is located at the southern tip of New York
State, by the mouth of the Hudson River, where it flows into the
Atlantic Ocean. By having almost 9 million inhabitants, it is the
most populous city in the USA, on top of being at the centre of
a wider metropolitan area with a population of 20 million, which
also includes the states of New Jersey and Connecticut. Today, it is
one of the global centres of trade and finance, and it has worldwide
impact in the fields of media, politics, education, entertainment, art,
and advertising. New York City is considered a “fashion capital”,
a popular tourist destination, and the epicentre of international
relations and diplomacy. Finally, it is the most important
transportation hub on the American continent [1]. Besides a plethora
of bridges, tunnels are also necessary for the transit system of the
agglomeration. Surprisingly, one has the possibility to come across
the most important of them on a large number of picture postcards.
Some were already published in this series (TUNEL 3/2020,
2/2022, 4/2023), namely the picture postcards with the so-called
Uptown Hudson Tubes and with the Holland Tunnel. The name of
the “sandhog” profession is explained in a bonus, and work badges
that are interesting, but unknown here are mentioned.

New York City (NYC) leZi v jiznim vybéZzku statu New York, pii
usti feky Hudson do Atlantského ocednu. Ma témér 9 mil. obyva-
tel a je nejlidnatéjsim méstem USA. Je stfedem §ir$i metropolitni
oblasti s 20 mil. obyvatel, kterd zasahuje také do stati New Jersey
a Connecticut. V soucasnosti je jednim ze svétovych center ob-
chodu a finan¢nictvi, mé celosvétovy vliv v oblasti médii, politiky,
vzdélani, zdbavy, uméni a reklamy. Je povazovany za ,,Hlavni mésto
mody*, je oblibenou turistickou destinaci a ohniskem mezindrod-
nich vztaht a diplomacie. V neposlednim je také nejvyznamnéjsim
dopravnim uzlem amerického kontinentu [1]. Vedle fady mosti jsou
pro dopravni systém aglomerace nezbytné také tunely. S t€émi vy-
znamnymi se lze setkat na prekvapivé velkém mnoZstvi pohlednic.
Nekteré z nich jiz byly v tomto seridlu zverejnéné (TUNEL 3/2020,
2/2022, 4/2023). V aktudlnim pokrac¢ovani jsou to pohlednice s tzv.
Uptown Hudson Tubes a s tunelem Holandovym. V pridavku je vy-
svétleny nazev profese ,,sandhog a zminény jsou zajimavé, u nas
neznamé, pracovni odznaky.

Uptown Hudson Tubes (McAdoo Tunnel)

V boufilivé se rozvijejici aglomeraci New Yorku XIX. stol. zna-
menala mohutna feka Hudson velkou prekdzku pro komunikaci ve
sméru zdpad—vychod. Misto stavajicich a téZkopadnych piivozl
(trajektt, ,.ferry*) pripravovala sprava mésta stavbu mostd a tuneld.
Jiz vice nez 100 let jsou vysledkem jedné z realizaci tunely pojme-
nované ,,Uptown Hudson Tubes*, zndmé také z doby stavby a z prv-
nich let provozu jako ,,McAdoo Tunnel“. Jde o dvojici vlakovych
tuneli spojujicich pod Hudsonem na vychodé lezici Manhattan
v N.Y. s Jersey City v New Jersey na zapadé€. Dnes jsou oba objekty
soucasti dopravniho systému PATH (viz Pozndmka 1).

Prvnim, kdo se pokusil pfekonat feku tunelem, byl od roku 1873
podnikatel Dewitt Clinton Haskin se svou spolec¢nosti,,Hudson Tunnel
Company“. Nasazeno bylo pneumatické tunelovani, bez Stitu. Pfi
rucni prici postupovala razba 1,2 az 1,5 m/den. Strop tunelu byl

oblozeny Zeleznymi plechy tl. 6,3 mm, tunel mél cihelné osténi
tl. 76 cm. Praci vSak jiz roku 1874 zastavil na pét let pravni spor.
Rénu stavbé zasadilo protrzeni nadlozi pfili§ vysokym pretlakem
vzduchu 21. 7. 1880; zahynulo pii tom dvacet délnikl. V bieznu
1881 stavbu prevzala spolecnost ,,Hudson River Tunnel Company*.
Roku 1883 dosly penize a projekt byl zastaveny. Severni trouba méla
v té dobé cca 460 m a jizni okolo 180 m. Pocinajic rokem 1888
se tunely pokusila dokoncit britskd firma ,,S. S. Pearson and Son®.
Po protrzeni nadlozi v roce 1890 byl nasazeny §tit pojmenovany
.Greathead Shield”, ale vzapéti (1892) byla stavba opét zastavend
pro nedostatek financi. Tunely byly v té dob& hotové jiz téméf z po-
loviny. Naposledy prace obnovila roku 1901 (a 1910 také kompletné
dokoncila) spole¢nost Hudson & Manhattan Railroad (H&M), zalo-
Zena W. G. McAdoo (viz Pozndmka 2). Hlavnim inZenyrem stavby
byl Charles M. Jacobs, raZeno bylo pfevazné pneumatickym Stitem,
s litinovymi tubingy, obr. 1 a7 5. Vystavba pfibieznich rampovych
usekutl probihala konven¢nimi postupy — obr. 6. Severni tunel byl pro-
razeny 11. 3. 1904, jizni 29. 9. 1905. Pro osobni dopravu byly tunely
otevieny 26. 2. 1908, a to jiz jako ,,Uptown Hudson Tubes*, soucast
H&M - obr. 7. Hlavni ¢ast podchodu Hudsonu tak piedstavuji dvé
trouby dl. 4,8 km (1,722 km pod vodou). Hloubka tunela je 29,57 m
pod primérnou hladinou feky. Primér tuneld je u dfive stavéné se-
verni trouby 5,5 m, u jizni trouby pak 4,65 m. Kazdy z tuneli ma
pfi jedné strané 1,2 m Sirokou betonovou lavku pro pési a pro elek-
trické instalace. Tunely jsou vyztuzené prstenci z litinovych tubingti
dl. 0,61 m. Rozchod koleji je normélni — 1 435 mm, elektrifikace
(planovana jiz od roku 1881) je zavedena tfeti kolejnici. Vétrani pro-
biha pistovym efektem projizdé€jicich souprav [2].

.‘-\'ﬁ Eepldeply Bov Ller sand bogs lo do
The Hads sid Mushallal Naliroed Comsany Tunst] (MoAdor Apstem] wuder the Hudin River

Obr. 1 Pro baraby je spousta prdce. Tunel spole¢nosti Hudson and Manhattan
Railroad Company (McAdoo System) pod rekou Hudson. Copyright, 1908,
The American Photograph Co., New York. 1908 [sbirka autorit].

Pozn.: Razic¢i byli a jsou v americké anglictiné zvdni ,,sandhogs“ — tento slango-
vy termin lze do cestiny preloZit jako , barabové* (viz ddle). AranZovand parta
barabit na celbé. Obrdzek evokuje primitivni formu ,,Obvodového vrubu“ s po-
lygondlni vyztuZi (?).

Fig. 1 Work a-plenty for the sand hogs to do. The Hudson and Manhattan Rail-
road Company Tunnel (McAdoo System) under the Hudson River. Copyright,
1908, by The American Photograph Co., New York. 1908 [authors’ collection)].

Note: Miners were and are called “sandhogs” in American English. This
slang term can be translated to Czech as “barabové” (see below). Arran-
ged crew of sandhogs at the face. The picture evokes a primitive form of

a “pre-vault method” with polygonal reinforcement (?).
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Soucasti Uptown Hudson Tubes bylo ptivodné sedm stanic pod- Roku 1978 byly tunely ,,Uptown Hudson Tubes* prohlaseny ,,Na-
zemni Zeleznice; dvé stanice byly pozdé&ji uzavieny a jeden terminal | rodni kulturni pamatkou inZenyrského stavitelstvi‘.
byl znovu postaveny. V roce 1962 prevzala H&M spolecnost Port Pozn 1: Port Authority Trans-Hudson (PATH) je rychld Zeleznice
Authority of New York and New Jersey a u¢inila ji tim soucasti sys- | na severovychodé USA. S délkou 22,2 km obsluhuje mésta Newark,
tému PATH. Harrison, Jersey City a Hoboken v New Jersey a Lower a Midtown

Manhattan v N. Y. Cty¥i linky s 13 stanicemi jezdi ve vSedni dny ve
dne; o vikendu, v pozdni noci a o svdtcich slouzi linky dvé. PATH
prekracuje feku Hudson tunely, v Jersey City jedou viaky aZ po
Newark v otevienych zdrezech, na virovni terénu nebo po vyvySenych
kolejich. V roce 2024 realizoval systém 62 489 400 osobojizd, coz je
cca 216 000 na vSedni den. Je tak pdtym nejvytizenéjsim systémem
rychlé verejné dopravy v USA [3].

Pozn. 2: William Gibbs McAdoo Jr. (¥1863 — 11941) — americ-
ky prdavnik a politik piivodem z Chattanooga v Tennessee. Prosla-
vil se jako prezident spolecnosti Hudson and Manhattan Railroad
Company (H&M). Zastdval vyznamné posty v administrativé svého
tchdna, prezidenta Woodrowa Wilsona. V letech 1913 aZ 1918 byl
ministrem financi Spojenych stdtii a dohliZel na vznik Federdlniho
rezervniho systému. Po vstupu USA do Velké vdlky piisobil také jako
generdlni Teditel Zeleznic [4].

Tha rulling -nd'-.-l the imrrawing shivld
The Uiwlesi wad Blssbetiin Baiinmsl Compaey Tumerl (Meklis igviem) mnler be (bl Divd

Obr. 2 Z Hudsonskych a Manhattanskych tuneli. Brit raziciho Stitu. Tunel
spolecnosti Hudson and Manhattan Railroad Company (systém McAdoo) pod
rekou Hudson. Copyright, 1908, The American Photograph Co., New York.
1908 [sbirka autorii].

Razict §tit pronikl do cilové Sachty. Dobre je patrnd konstrukce Stitu a velmi
zajimavé je jeho pricné natoceni. Prdvé toto riziko bylo diivodem zavedeni kru-
hového standardu v konstrukci Stitii.

Fig. 2 From ,,The Hudson and Manhattan Tunnels*. The cutting end of the
burrowing shield. The Hudson and Manhattan Railroad Company Tunnel
(McAdoo system) under the Hudson River. Copyright, 1908, by The American
Photograph Co., New York. 1908 [authors’ collection].

The boring machine broke into the target shaft. The structure of the shield is
evident, and its transverse is twist very interesting. Precisely this risk was the
reason for implementing a circular standard in shield construction.

.J'."V‘ FRE AR08 _:"-.*:u'wn.‘uk THE MUDMH AVER,
£ - Obr. 4 Tézni Sachta, tunel McAdoo, New York. The Valentine & Sons”
Publishing Co., Ltd., New York. 1911 [sbirka autorii].

Tezni véz s tézni kleci. Kompletné ze dieva — pozoruhodnd tesarskd prdce.

Fig. 4 Shaft Elevator, McAdoo Tunnel, New York. The Valentine & Sons”
Publishing Co., Ltd., New York. 1911 [authors’ collection].

A headframe with a hoisting cage. Entirely made of wood — interesting carpentry.

Obr. 3 Stavba tunelu McAdoo pod Fekou Hudson v New Yorku. The Valentine
& Sons” Publishing Co., Ltd., New York. 1911 [sbirka autori].

Mimorddné zajimavd pohlednice s aranZovanou partou razicii. Rozfdrany vyrub
vzadu je zajisteny na nékolika metrech od celby tubingy. Dole je vydreva do
, V¥, kterd podepird a vodorovnou rozpérou rozpird instalované tubingy. Jde
0 pozoruhodné zajisténi vyrubu proti svislym i bocnim tlakiim horniny, umoZiiu-
Jjict opakované odtéZeni a dozdéni spodni cdsti profilu. Zajimavé je také masivni

cihelné zdivo v popredi, pochdzejici snad z predchozich etap vystavby tunelu. reC T

Fig. 3 Building the McAdoo Tunnel, under the Hudson River. New York. TS T

The Valentine & Sons” Publishing Co., Ltd., New York. 1911 [authors’

collection]. Obr. 5 Elektrickd lokomotiva, tunel McAdoo. N. Y. The Valentine & Sons”

An extraordinarily interesting postcard with an arranged crew of tunnellers. The
struck excavation in the back is secured by tubbings for a few meters from the
face. There is “V” shaped timbering at the bottom that supports, and through

a horizontal strut, braces the installed tubbings. It is a noteworthy excavation Fie. 5 Electric L tive. McAdoo T L N. Y. The Valentine & Sons”
support countering vertical and lateral rock pressure, allowing for repeated ex- 18- G (LSOOG, AGEID INAaRgh Ne Yo LDg VARG ¢4 SO

. , .
cavating and lining the lower part of the profile with brick. Also interesting is IiubIISh"?g Cf’" (‘td" N?w York. I?” [authors cqllectwn]. ) } )
the massive brick masonry in the foreground, perhaps originating from previous Extraordinarily interesting electric low-profile mine locomotive with a raised
stages of tunnel construction. current collector.

Publishing Co., Ltd., New York. 1913 [sbirka autorii].
Mimorddné zajimavd elektrickd diilni lokomotiva nizkého profilu, se vztycenym
sbéracem.




Obr. 6 Tunel pod Fekou Hudson, spojujici New York a New Jersey. 56 M. & Co.,
N.Y. 1911 [sbirka autorii].

Portdlovy iisek tunelii (strana New Yorku?). Pohlednici zaslala slecna ¢i pani
Jindra panu Ant. LukeSovi mladsimu, do Nového Mésta nad Metuji v Bohemii.
Na lici listku je perem cesky dopsdno: ,, Tento tiinel jest pod Fekou pro elektric-
kou drdhu.

Fig. 6 Hudson River Tunnel, connecting New York & New Jersey. 56 M. & Co.,
N. Y. 1911 [authors’ collection].

Portal section of the tunnels (New York side?). The picture postcard was sent by
Miss or Madam Jindra to Mr. Ant. Lukes junior, to Nové Mésto nad Metuji in
Bohemia. On the front of the slip, written in Czech with a pen: “This tunnel is

)

underneath the river for an electric line.”
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Obr. 7 Prvni skupina, kterd projela tunelem McAdoo. New York. The Valentine
& Sons” Publishing Co., Ltd., New York. 1908 [sbirka autori].

Slavnostni spojeni New Yorku a New Jersey. Vpravo, a jakoby v pozadi, stoji
tri vyznamni muZi. Zleva: hlavni inZenyr projektu Charles M. Jacobs, inZenyr
a projektant tunelit J. Vipond Davies a prezident H&M William G. McAdoo Jr.

(gentleman nejvyssi postavy a rovnéZ nejvyssi sef) [5].

Fig. 7 First Party to go through McAdoo Tunnel. N. Y. The Valentine & Sons”
Publishing Co., Ltd., New York. 1908 [authors’ collection].

Ceremonial connection of New York and New Jersey. On the right and somewhat
in the background, three important men are standing. From the left: head en-
gineer of the project Charles M. Jacobs, engineer and designer of the tunnels
J. Vipond Davies, and the president of H&M William G. McAdoo Jr. (the tallest
gentleman and likewise top boss) [5].

Hollandiiv tunnel

Reka Hudson rozd&luje Manhattan v N. Y. na vychodé a Jersey
City v New Jersey na zdapadé€. K prekonani této prirodni prekazky
si dnes fidi¢i automobilit mohou vybrat ze dvou tuneli — Hollan-
dova nebo Lincolnova — a jednoho mostu (George Washingtona).
Plany pfevedeni dalnice Interstate 78 pres feku mély pocétek jiz
v roce 1906. Nasledovaly dlouhé spory o podobu realizace a aZz
v roce 1919 padlo rozhodnuti postavit misto mostu prvni z tune-
14. Jeho vystavba zacala 1920 pod pracovnimi nazvy Hudson River
Vehicular Tunnel resp. Canal Street Tunnel. Definitivni pojmeno-
vani pak objekt ziskal po hlavnim inZenyrovi projektu, kterym byl
C. M. Holland (71924).

Tuel

Tunel mé pro kazdy smér samostatny tubus se dvéma jizdnimi
pruhy (obr. 8) o celkové Sifce vozovky 6,1 m, podjezdné vysce
3,81 m a s lavkou pro pési na vnitini strané. Severni trouba je
dlouhd 2 608 m, jizni 2 551 m, mezilehly horninovy pilif ma $itku
4,6 m. Nejnizsi misto stropu je cca 21,9 m pod prumérnou hladi-
nou feky. Tunely maji pét nouzovych propojek.

Pri stavbé byly pod fekou nasazené Ctyfi pneumatické Stity a dva
od zdpadniho brehu feky k portalim Jersey City. Prstence osténi
@ 9 m, kazdy ze 14 ks litinovych tubinga, jsou dlouhé 1,8 m. P¥i
stavbé zajistoval stabilitu vyrubu (pre)tlak vzduchu az 328 kPa.
Primérny denni postup se pohyboval od 0,76 m (v horniné) po
1,5 + 1,8 m (v jilu). Barabové prochézeli do/ze Stitu vzdu$nicemi.
Uvadi se celkovych 756 000 osobodekompresi; bylo zaznamena-
no 528 piipadi dekompresni (kesonové) nemoci. Vysoky pretlak
zpusobil v dubnu 1924 protrZeni nadlozi se zaplavenim tunelu.
Podle riznych ddaji prislo béhem stavby o Zivot tfinact i Ctrnact
pracovnikil, néktefi patrné nasledkem dekomprese.

Holland Tunnel and Sky Line, New York.

Obr. 8 Hollanduy tunel a panorama New Yorku. Vyddno Manhattan Post Card
Co., New York City. 1930 [sbirka autorii].

Pohlednice aZ edukacné ukazuje dopravni ruch v N. Y. Tunely pod Hudsonem
s intenzivnim automobilovym provozem. Na Tece je rada lodi, od nejmensich
az po ocednské. A ve vzduchu se vedle letadla tézstho vzduchu vzndsi dokonce
Zeppelinova vzducholod!

Fig. 8 Holland Tunnel and Sky Line, New York. Pub. By Manhattan Post Card
Co., New York City. 1930 [authors’ collection].

The picture postcard almost educationally depicts the transportation bustle in
NYC. Tunnels underneath the Hudson with intense automobile traffic. A group of
vessels is on the river, from the smallest to the ocean liners. And in the air, next
to an airplane, even a Zeppelin airship is floating!
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Obr. 9 Vjezd do Hollandova tunelu v New Yorku pro dopravu do New Jersey.
Tunel se sklddd ze dvou tubusii, kazdy se dvéma jizdnimi pruhy. Prvni tubus
z New Yorku do New Jersey a druhy z New Jersey do New Yorku. Cdst tunelu
pod iekou Hudson je dlouhd 5480 stop. Frank E. Cooper, 258 Broadway, New
York, N. Y. Pfelom 30. a 40. let XX. stol. [sbirka autorii].

Modernisticky vychodni portdl tunelu se mezi budovami témér ztrdci. V centru
pohlednice stoji na vozovce typicky newyorsky policajt.

Fig. 9 Entrance to the Holland tunnel on the New York side for traffic going
to New Jersey. The tunnel consists of two tubes, on before a double lane of
vehicles going from New York to New Jersey and the other for vehicles from
New Jersey to New York. The portion under the Hudson River is 5480 feet
long. Frank E. Cooper, 258 Broadway, New York, N. Y. At the turn of the 3¢
and 40° of the XX. century [authors’ collection].

Modernist eastern tunnel portal almost gets lost between buildings. In the mid-
dle of the postcard a typical New York cop is standing.

Tunel byl prorazeny 29. 10. 1924, bez ceremonidlu. Diivodem byl
necekany skon C. M. Hollanda, ktery jen dva dny pred tim podlehl
infarktu ve véku pouhych 41 let; bylo to v§eobecné spojovano s mi-
moradnym pracovnim stresem. Jeho néastupce Milton Freeman ze-
mrel o pét mésicti pozdéji. Tunel pak byl dokonceny pod
vedenim tfetiho hlavniho inZenyra projektu Ole Singsta-
da. Do provozu byl Hollanduv tunel uvedeny 12. 11. 1927
v 16:55, tentokrat s veskerou pompou. Prezident USA
Coolidge vyslal ze své jachty signal k zahajeni tymz tele-
grafnim klicem, ktery byl roku 1915 pouzity pfi pokynu
k otevieni Panamského priplavu. Slavnostni ceremonidl
vysilaly rozhlasové stanice. Cca 20 000 lidi proslo tune-
lem pésky, 13. 11. 1927 v 0:01 fidila ze strany New Jer-
sey prvni automobil dcera predsedy Komise pro mosty
a tunely statu New Jersey, ve druhém voze ndsledovaly
vdovy po stavitelich tunelu Hollandovi a Freemanovi...
V té dobé se platilo za osobni viiz mytné ¢ 50 (parita 2024
cca $9.05), za motocykl ¢ 25, za velky nakladni vaz $ 2.
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Casto v detektivkach spisovatele Eda McBaina, a to pod nazvem
,Holandsky tunel* — obr. 9.

Sandhogs

»Sandhogs* (viz popis pod obr. 1) je amerikanismus, slangovy
termin souhrnné oznacujici stavebni délniky pracujici pod zemi (tu-
neléfe, kesondre, budovatele zakladi mrakodrapt apod.). Pivodné
se tak fikalo délniktm, kteri hloubili v New Yorku okolo roku 1872
kesony v pisCitém dnu feky East River pfi stavbé Brooklynského
mostu, pozd&ji se nazev rozsifil do daldich mést USA. Cesky to
v doslovném prekladu znamend ,,pisecna prasata®“. Anglicko-cesky
slovnik amerikanisma [8] slovo sandhog nezn4, ale pro ,,sand* udéa-
véa vyznam ,,kurdz‘ a pro ,.,hog* terminy , kifupan, chrapoun, mukl*.
Tradi¢né slo o pracovniky irského nebo italského pivodu, u kte-
rych se tato tézka profese Casto predavala z generace na generaci.
Jako vyjimka potvrzujici pravidlo je zmiflovan herec Warren Beatty
(napt. Bonnie a Clyde, 1967), ktery v 50. letech, po svém prichodu
do N.Y., pracoval relativné kratce jako sandhog na stavbé tfeti trou-
by Lincolnova tunelu. Dnes je v New Yorku pres 2000 sandhogt.
Jejich staré réeni fika: “Pokud je to hlubsi nez hrob, pak jsme to po-
stavili” [9]. V naSich pomérech odpovida pojmenovani této profese
uz archaicky vyraz ,,baraba®.

Odznaky pro ,.sandhogs” pracujici v prostiedi s (pie)
tlakem vzduchu

Postupy vystavby Uptown Hudson Tubes, tunelu Hollandova
a dalSich podzemnich staveb, a to nejen v aglomeraci New Yorku,
vychdzely z dobového sortimentu technologii. Pro razby pod vod-
nimi toky, v mékkych jilech, nezpevnénych propustnych a vodou
saturovanych sedimentech apod. bylo k dispozici pouze tunelovani
s pretlakem vzduchu, tzv. pneumatické, pokrocileji se Stitem. Ten-
to postup mohou provazet urCité technologické komplikace, pte-
devsim protrzeni nadloZi. Z dnesniho pohledu byla v§ak mnohem

I LIS MANTS STRICKEN DN THESTRERT
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Konské potahy, pési a cyklisté do tunelu nesméli. V dobé
svého otevieni byl Hollandlv tunel prvnim tunelem na
svété postavenym specidlné pro automobily, vibec nej-
del§im podvodnim dopravnim tunelem, a také prvnim
tunelem s nucenym provoznim vétranim [6]. V roce 1982
byl tunel zarazeny mezi ,,Narodni historické pamatky
civilntho a mechanického inZenyrstvi“ a v roce 1993
k ,,Narodnim historickym pamatkam*.

Zajimavou cCeskou stopou je ucast firmy RAKO. Ta
dodala specidln¢ pro jizni tunelovou troubu Holandova
tunelu 15 000 m? obkladadek zn. Tunelia, barvy pievazné
bilé, ale také modré a oranzZové. Pii vyrobé a piejimce
pusobil v tovarné dokonce z USA vyslany specialista. Ve-
likost kachlika (108 x 108 mm) vychazela z imperidlnich
mér a posléze se stala pro znacku Tunelia dlouholetym
standardem. Malo zndmym faktem je, Ze tunel vystupuje

Obr. 10 Kov, ) 63 mm, svisld pripina-
ci spona s pojistkou [soukromd sbirka].
(SPOLECNOST GEORGE H. FLINNA /
PRACOVNIK V PRETLAKU VZDUCHU
/ POKUD [LEZI] TENTO MUZ ZRANE-
NY NA ULICI, NEPOSILEJTE HO DO
NEMOCNICE / ALE OKAMZITE JEJ
DOPRAVTE NA ZDRAVOTNI POHO-
TOVOST / V TUNELECH BROOKLYN
BATTERY / NA ADRESE 105 HAMIL-
TON AVE / BROOKLYN, N. Y.)

Fig. 10 Metal, () 63mm, vertical clip with
a safety [private collection]. GEORGE H.
FLINN CORPORATION / COMPRE-
SSED AIR WORKER / IF THIS MAN IS
STRICKEN ON THE STREET / DO NOT
SEND HIM TO A HOSPITAL / SEND
HIM AT ONCE / TO THE BROOKLYN
BATTERY / TUNNELS / EMERGENCY
HOSPITAL / AT 105 HAMILTON AVE. /
BROOKLYN / N.Y.

Obr. 11 Kovovd slitina, 0 41 mm, kvalitni
smalt, svisld pFipinaci spona s pojistkou
[soukromd sbirka]. (SPRAVA TUNELU
MESTA NEW YORK / QUEENS TUNEL
STRED / PRACOVNIK V PRETLAKU
VZDUCHU / V PRIPADE ZDRAVOT-
NICH POTIZI [JE]] PREVEZTE AMBU-
LANCI DO NEMOCNICE NA 42. ULICI
V EAST RIVER MANHATTAN NEBO
NA BORDEN AVE. NA 2. ULICIV LONG
ISLAND CITY, QUEENS. NA PRIKAZ
ZDRAVOTNI RADY.)

Fig. 11 Metal alloy, @ 41mm, high-quality
enamel, vertical clip with a safety [private
collection]. NEW YORK CITY TUNNEL
AUTHORITY/QUEENS MIDTOWNTUN-
NEL / COMPRESSED AIR / EMPLOYEE
/ IF ILL RUSH BY AMBULANCE /
TO HOSPITAL LOCK AT 422 ST. /
AND EAST RIVER MANHATTAN / OR
BORDEN AVE. AT 2™ ST. / LONG
ISLAND CITY, QUEENS/BY ORDER OF /
AMBULANCE / BOARD
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vazné€jSim problémem pridruZend a mimorddné vysoka rizika
zdravotni, spocCivajici v ohroZeni razi¢i predevsim dekompresni
(kesonovou) nemoci. Pracovnici v pretlaku vzduchu proto museli
dodrZovat pfisné pracovni zasady (dnes v ranku BOZP). Vedle ome-
zeni doby prace v pretlaku a pravidelnych zdravotnich kontrol to
byla predevsim fizena dekomprese pti kazdém vystupu z (pre)tlaku.
Drobnym dopliikovym opatfenim k ochrané zdravi a Zivota ,,sand-
hogs* bylo proto zavedeni specidlnich odznakil — viz napfr. [10]. Na
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téchto odznacich, viditelné noSenych na pracovnim (snad i na ob-

Canském?) odévu, byla struc¢né uvedena skutecnost, Ze osoba pracu-

je v (pre)tlaku vzduchu a pokyn, jak s takovym clovékem zachazet,

stihnou-li jej akutni zdravotni problémy. Dva z takovych odznakd
jsounaobr. 10all.

doc. Ing. VLADISLAV HORAK, CSc.,

Ing. VLASTIMIL HORAK,

Ing. MILAN MAJER
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VACLAV SOUKUP - SEDMDESATINY MUZE, KTERY ZASVETIL ZIVOT PODZEMNIM

STAVBAM

VACLAV SOUKUP - SEVENTIETH BIRTHDAY OF THE MAN WHO DEDICATED

HIS LIFE TO UNDERGROUND CONSTRUCTION

Pokud nékdo zasvétil sviij profes-
ni Zivot podzemnim stavbam, pak je
to bezpochyby Ing. Vaclav Soukup,
dlouholety manazer Metrostavu a sou-
Casny feditel zahrani¢niho podnikani
skupiny. Sta¢i se podivat na projekty,
kterymi prosel nebo které pozdéji ve
vy$§ich manaZerskych pozicich fidil,
aby bylo jasné, Ze tunely a nirocné
inZenyrské stavby tvofily pevnou osu
jeho pracovniho Zivota. Vaclav se na-
rodil 27. kvétna 1956 v Rakovniku.
Po studiu na stavebni primyslovce pokracoval na Fakulté stavebni
CVUT a v roce 1980 nastoupil jako &erstvy inZenyr do tehdejsiho
Metrostavu — a jak se ukazalo, toto prvni zaméstnani se stalo i za-
meéstnanim poslednim, coZ je v dnesni dobé témér vyjimecné.

Zacinal jako pfipravar na PJ 2, brzy vSak vedl razby na prazském
metru — na trafovych tunelech tras III.B, I1.B i IV.B, kde Metrostav
poprvé v Ceské republice pouzil prvky Nové rakouské tunelovaci
metody. V této dobé nasbiral nejen mnoho odbornych zkusenosti, ale
projevil 1 vyrazné manaZerské schopnosti. V roce 1994 byl jmeno-
van vyrobnim ndméstkem divize 5, tehdy nejvétsi divize Metrostavu
zamétené na podzemni stavby. Podilel se na dokoncovani Strahov-
ského tunelu, na razbé prvniho automobilového tunelu Hiebec, na

If there is someone who dedicated their professional life to
underground construction, then it is without a doubt Ing. Vaclav
Soukup, a long-standing manager of Metrostav and current managing
director of foreign business for the group. It is sufficient to have
a look at the projects that he experienced or later led from higher
managerial positions to make it clear that tunnels and demanding
engineering structures formed a solid foundation of his professional
life. Vaclav was born on the 27" of May 1956 in Rakovnik. After
his studies at a technical construction high school, he continued at
the Faculty of Civil Engineering, CTU, and in 1980 joined the then
Metrostav as a fresh engineer, and as it showed, this first job also
became the last, which is rare in the present age.

He started as a planning engineer at PJ 2, although shortly after,
he led excavations at the Prague Metro — at track tunnel sections
1I1.B, II.B, and even IV.B, where Metrostav used elements of the
New Austrian tunnelling method for the first time in the Czech
Republic. During this time, he gathered not only plenty of specialist
experience, but he also displayed distinct managerial capabilities. He
was named the deputy for construction at Division 5 in 1994, the
largest division focusing on underground structures within Metrostav
at the time. He participated in the completion of the Strahov tunnel,
the excavation of the first Hrebe¢ automobile tunnel, the Euerwang
tunnel in Germany, the Visnové exploratory gallery in Slovakia,
the Mlcechvosty railway tunnel, and the especially demanding




TuNel

tunelu Euerwang v Némecku, prizkumné $tole Visiové na Sloven-
sku, Zelezni¢nim tunelu Mlcechvosty i na mimoradné narocném tu-
nelu Mréazovka, ktery se stal jednim z milnikd moderniho ¢eského
podzemniho stavitelstvi.

KdyZ se tehdejsi feditel divize 5 rozhodl odejit, stal se Vaclav
jeho néstupcem a tuto pozici zastaval v letech 2002-2013. Pod jeho
vedenim vznikla fada kli¢ovych staveb: dédlni¢ni tunely Panenska,
Libouchec, Valik a tunely na D8 v Ceském stfedohofi, Zelezni¢ni tu-
nely Bfezno ¢i Nové spojeni v Praze, prvni raZena jednolodni stanice
metra Kobylisy a dalsi useky trasy C. Vyznamnym krokem bylo také
nasazeni zeminovych Stit Herrenknecht na prodlouZeni metra V.A,
které posunulo ¢eské tuneldi'stvi na novou technologickou uroveri.
Do jeho odpovédnosti spadaly i zahrani¢ni projekty — silni¢ni tunely
na Islandu, dalni¢ni tunel Lucica v Chorvatsku nebo pfistupové a tra-
fové tunely metra v Helsinkach.

V roce 2013 byl jmenovan feditelem zahrani¢niho podnikani Sku-
piny Metrostav. V poslednich deseti letech se intenzivné vénoval ze-
jména velkym infrastrukturnim projektim v Némecku, mezi nimiz
vynika mostni projekt Gottleubatalbriicke u Pirny — rozsahla a tech-
nicky ndrocna stavba, kterd se stala jednim z hlavnich pilifi jeho
nedavné profesni prace.

Vyznamnou soucasti jeho profesniho Zivota je i dlouholeta aktivita
v Ceské tunelatské asociaci ITA-AITES. Jako ¢len predsednictva ma
na starosti ekonomiku asociace a svym klidnym, vécnym a férovym
pristupem pfispiva k jejimu stabilnimu fungovani i dobrému jménu.

Kromé prace je Vaclav znamy svou zilibou ve sportu. M4 rad
orientacni béh, horskou turistiku a bézky. Na klasické bézecké traté
vyraZi nejradéji z Bedfichova v Jizerskych horach, kde pravidelné
dobiji energii. Sport je pro néj stejné prirozenou soucasti Zivota jako
technické stavby, které provazely celou jeho kariéru.

Mily Vaclave, k Tvym sedmdesatym narozeninam Ti kolegové
z Metrostavu i z Ceské tuneldiské asociace ITA-AITES pieji hlav-
né pevné zdravi, radost z prace i Zivota a dostatek sil na vse, co Té
bavi. Ocenuji Tvé férové jednani, otevienost a dlouholetou loajalitu.
At mas i nadéle dost Casu na rodinu, sport a vSechno, co Ti pfinasi
radost.

Ing. IVAN HRDINA, predseda CzTA
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Mrazovka tunnel, which became one of the milestones of modern
Czech underground construction.

Back when the Division 5 managing director decided to leave,
Vaclav became his successor and held this position from 2002 to
2013. A group of key structures emerged under his leadership: the
motorway tunnels Panenskd, Libouchec, Valik, and the tunnels
on the D8 in the Central Bohemian Uplands, the Bfezno railway
tunnels, or the Nové spojeni in Prague, the first excavated single-
vault metro station, Kobylisy, and another section of the C line. An
important step was also the fielding of Herrenknecht earth shields
for the extension of metro V.A, which propelled Czech tunnelling
onto a new technological level. His responsibility also included
foreign projects — road tunnels in Iceland, Lucica motorway tunnel
in Croatia, or metro access and track tunnels in Helsinki.

He was appointed the director for foreign business of the
Metrostav Group in 2013. Over the past ten years, he was intensely
involved in mainly large infrastructure projects in Germany, from
which the Gottleubatalbriicke bridge project near Pirna stands out
— an extensive and technically challenging structure, which became
one of the main pillars of his recent professional work.

A significant part of his professional life is also long-time activity
in the Czech Tunnelling Association ITA-AITES. As a member of
the board, he looks after the economics of the association. With his
calm, factual, and fair approach, he contributes to its stable operation
and even its good reputation.

Besides work, Véclav is known for his interest in sports. He likes
orienteering, hiking, and cross-country skiing. He loves to embark
on classic tracks from Bedfichov in the Jizera Mountains, where he
regularly recharges his batteries. Sport became a natural part of his
life, the same way as the technical structures that accompanied him
throughout his entire career.

Dear Vaclav, on your seventieth birthday, your colleagues from
Metrostav and the Czech Tunnelling Association ITA-AITES wish
you above all good health, happiness in work and life, and enough
strength for everything that you enjoy. I value your fair demeanour,
openness, and long-standing loyalty. May you continue to have
enough time for family, sport, and everything that brings you joy.

Ing. IVAN HRDINA, Chairman of the CzTA
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