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Vazené Ctenarky, vazeni Ctenari, mili kolegové z oboru,

dovolte mi, abych se s vdmi podélil o nékolik myslenek tykajicich se vyvoje v podzemnim stavitelstvi v poslednim obdobi.

Navézu na nékteré své kolegy, kteii jiz v predchozich editorialech poznamenali, Ze mnoho préce na tunelovych stavbach v Ce-
chach, ale ani u nagich sousedti na Slovensku, neni. V Cesku byly v poslednich letech vybudovany tunely na trati Sudoméfice — Voti-
ce, tramvajovy tunel v Brné a v loiiském roce byla zahdjena i dlouho ocekdvana stavba dalsi trasy metra I.D v Praze. Na Slovensku,
kam je také upfena pozornost tunelafské komunity, to byly Zelezni¢ni tunely Diel a Milochov, dale tunely na obchvatu Presova a tu-
nel Cebrat na D1 za Zilinou. Vyhled do budoucna je o néco nad&jn&jsi nez pohled zpét. Rysuje se perspektiva rozsahlejsi vystavby
dopravnich tunelovych staveb jak na silnici, tak i na Zeleznici, at jiZ jsou to tunely na D3, D35, anebo na Zelezni¢nich koridorech,
pokracovani vystavby metra linky I.D v Praze nebo vystavba dal§ich dopravnich tuneld v Brné. Nelze pominout ani dtlezité tunelové
rekonstrukce, pfedevsim na Zeleznicich. A tak jak byl velmi dilezity prvni tunel Mont Cenis prorazeny v Alpach z Italie do Francie
v roce 1871 pro dalsi vystavbu tuneld v Alpach, doufejme, Ze pravé vystavba dalSich Zelezni¢nich tuneld bude predzvésti budovani
tunelovych dél v Cechédch a na Slovensku.

I prispévky uvefejnéné v tomto ¢isle jsou v duchu prislibu do budoucna. Piectete si o pokracovani pripravy trasy metra I.D v Praze a realizaci jeji prvni ¢asti.
Jde predevsim o razby ve slozitych podminkéch stanice Pankrac a v tunelech ke stanici Olbrachtova.

I dalsi prispévek se tyka prazského metra; jde o projekt bezbariérového zpristupnéni stanice Jifiho z Podébrad, ktery je ukazkou, jak i ve slozitych mistnich
podminkach 1ze budovat krasné tunelarské dilo.

Pohledem, snad jiz do blizké budoucnosti, nas autofi dalSiho pfispévku seznamuji se stanici rychlodrahy na letiSti Vaclava Havla v Praze. Véfme, Ze uZ nejde
o sci-fi, a pfejme si, aby se tento projekt stal co nejdfive realitou. O rychlodraze se mluvi jiz dlouho a Praha si distojné spojeni centra mésta s leti§tém zaslouZzi.

Se zptisobem provadéni rekonstrukce doZivajicich Zelezni¢nich tuneld jsme byli seznameni v minulém vydani tohoto ¢asopisu. Clanek o rekonstrukci Bla-
nenského tunelu ¢.8/2 ndm v tomto cisle pribliZuje problematiku téchto rekonstrukei trochu z jiného thlu pohledu.

O vystavbé tunelti na Slovensku jsem se jiZ zminil, a tak nezbyva neZ si prat, aby takovych piispévki, jako je ¢lanek o vystavbé tunelu Cebrat, bylo v bu-
doucnu vice. Jen tedy ,,houst a vétsi kapky*.

O co méné je téma posledniho prispévku v naSem casopise obvyklé, o to vice je vitané. Seznamuje nds s velmi zajimavou, odvaZznou a celkové velmi po-
vedenou vystavbou podjezdu pod Zelezni¢nim koridorem Ceské T¥ebova — Olomouc, kde pfedev§im samotny zpiisob razby — protladovani — je velmi poucny.

Na zavér bych rad podékoval kolegovi Ing. Novotnému za jeho vice nez 20letou ¢innost v redak¢ni rad€. VEfim, Ze jeho spoluprace bude pokraCovat, byt jiz
nepravidelné. O pestrou mozaiku informaci ze svéta podzemnich staveb se bude nadile starat redakcni rada ve sloZeni prof. Bartdk, prof. Hilar a doc. Pruska.

A jesté mi dovolte nasledujici dovétek: velmi bych si pral, aby se vyvoj, nejen v podzemnim stavitelstvi, fidil v pfisStich letech vice rozumem nez riznymi
pseudo-zelenymi ideologiemi, které v naSem oboru mnohdy zptsobuji, Ze i ekologické projekty, jimiz tunely bezesporu jsou, byvaji napadany a odsouvany
v Case.

Preji vS§em ¢tenarftim hezké chvile pfi ¢teni tohoto Casopisu a slunné dny prichazejiciho 1éta a dovolenych.

Ing. JAN FRANTL,
mistopredseda redakcni rady

Dear readers, dear colleagues from the tunnelling industry,

let me share with you a few thoughts regarding recent development in the field of underground construction.

I will follow up on some of my colleagues, who already noted in previous editorials that there is not much work on tunnel construction projects in the Czech
Republic, but not even at our neighbours in Slovakia. In Czechia, tunnels on the Sudoméfice — Votice rail line and a tram tunnel in Brno were built in recent
years, and the long-awaited construction of another metro line, ID in Prague started last year. In Slovakia, where the attention of the tunnelling community is
also focused, there were the Diel and Milochov railway tunnels there, as well as the tunnels on the PreSov bypass and the Cebrat tunnel on the D1 motorway
behind Zilina. Looking to the future is a bit more hopeful than looking back. The perspective of more extensive construction of transport tunnel structures both
on the road and on the railway is emerging, whether they are tunnels on the D3, D35 motorways, or on rail corridors, the continuation of the construction of
the ID metro line in Prague or the construction of other transport tunnels in Brno. Important tunnel reconstruction projects, especially on railways, cannot be
omitted either. And just as the first Mont Cenis tunnel driven through the Alps from Italy to France in 1871 was very important for the further development of
tunnels in the Alps, let‘s hope that the development of other railway tunnels will be the harbinger of the construction of tunnel works in Bohemia and Slovakia.

Even the contributions published in this Tunel journal issue are in the spirit of a promise for the future. You will learn about the continuation of the
preparation of the ID metro line in Prague and the work on its first part. This is primarily underground excavation in the difficult conditions of the Pankrac
station and in the Olbrachtova station tunnels.

Even the other contribution concerns the Prague metro; it is a project for development of a barrier-free access to the Jifiho z Podébrad station, which is an
example of how a beautiful tunnelling work can be carried out even in difficult local conditions.

Looking, perhaps hopefully into the near future, the authors of the next contribution acquaint us with the rapid transit rail station at Vaclav Havel Airport in
Prague. Let‘s believe that this is no longer science fiction, and let‘s hope that this project becomes a reality as soon as possible. The rapid transit railway has
been talked about for a long time, and Prague deserves a dignified connection between the city centre and the airport.

‘We were informed about the method of reconstruction of surviving railway tunnels in the last issue of this journal. In this issue, the paper on the reconstruction
of Blanensky tunnel No. 8/2 acquaints us with a slightly different but very interesting approach to this issue.

I have already mentioned the construction of tunnels in Slovakia, so I can only hope that there will be more contributions like the paper on the construction
of the Cebrat tunnel in the future. So just ,,more thickly and bigger drops*.

The less usual the topic of the last contribution in our journal, the more welcome it is. It acquaints us with the very interesting, daring and overall very
successful construction of a passage under the Ceska T¥ebova — Olomouc rail corridor, where the very method of excavation — jacking — is very instructive.

Finally, I would like to thank my colleague Ing. Novotny for more than 20 years of his activity in the editorial board. I believe that his cooperation will
continue, even though irregularly. The editorial board composed of prof. Bartak, prof. Hilar and doc. Pruska will continue to take care of the varied mosaic of
information from the world of underground construction.

And allow me the following postscript: I would very much like the development, not only in underground construction, to be guided more by reason in the
coming years than by various pseudo-green ideologies, which in our field often cause even ecological projects, of which tunnels are undoubtedly tend to be
attacked and pushed aside in time.

I wish all readers a good time reading this journal and sunny spring days.

Ing. JAN FRANTL,
Vice-Chairman of Editorial Board




VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

jsem velice rad, Ze vas opét mohu z tohoto mista casopi-
su pozdravit jménem spole¢nosti METROPROJEKT Praha.
Naposledy jsem zde bilancoval pfi 50. vyroci zaloZeni firmy,
tentokrdt mi dovolte ohlédnuti za vzdjemnymi vztahy Met-
roprojektu a tuneld v poslednich dvou letech.

Strucné se posledni dva roky daji charakterizovat tak, Ze
byly v Cesku vcelku bohaté na pileZitosti pro tunelafe —
projektanty a oproti dobam ptedchozim se objevily i nékteré
pozoruhodné pfileZitosti pro tunelfe — stavitele.

Z dokonéenych realizaci podle naSich navrhti bych rad jmenoval
dvojkolejny tunel Debore¢ na jiz zprovoznéném tratovém useku Sudo-
méfice — Votice. M4a délku 660 m, probéhla zde konvencni razba NRTM.
Také chci zminit novou tramvajovou trat Osova — Kampus v Brné, kterd
je vzhledem ke konfiguraci terénu z podstatné ¢asti pod zemi véetné
jedné tramvajové zastdvky. Tunel byl postaven v oteviené jamé a trat do
provozu uvedena v prosinci lofiského roku. S trochou nadsazky lze fici,
Ze Brno tak ziskalo prvni dsek podzemni drahy.

Pokud jde o nase rozestavéné projekty, pocifuji ja i fada dalSich ko-
legli z Metroprojektu zadostiu¢inéni z toho, Ze jiz pted vice nezZ ro-
kem byla zahdjena vystavba Ctvrté trasy prazského metra. Praktickym
projektovanim Décka Zijeme od roku 2010 a nyni je v plném proudu
jsou hlubinné, raZzené a geologické podminky urcité nejsou optimalni.
Mame radost z toho, Ze prace pod zemi probihaji bez vétsich prekva-
peni a podle naSich projektantskych pfedpokladii. Z naSeho pohledu se
podatilo rozhodujici rizika razeb v téchto podminkach podchytit do-
pliiujicim geologickym prizkumem, ktery byl z prizkumnych Sachet
a Stol provadén po dobu dvou let pfed zahdjenim vlastni vystavby. Byl
pfitom ovéren i ucinny zplisob provadéni zpeviiujicich a kompenzac-
nich injektazi dosti proménlivého horninového prostiedi.

Pro stavitele tunell bych rad upozornil na nejvyznamnéjsi projekty,
které pripravujeme.

Do faze realizace se (konecné) dostal i na§ projekt Zelezni¢niho
spojeni Praha — Leti$té¢ — Kladno. Zatim v nadzemnich usecich, ale
v historicky kratké dobé by mohla zacit vystavba dvou podzemnich
Zelezni¢nich stanic Praha-LetiSté¢ Vaclava Havla a Praha-Dejvice, s na-
vazujicimi hloubenymi tseky. O néco déle si pravdépodobné pockame
na zahdjeni strojni razby vice nez 3 km dlouhého tunelu Dejvice — Ve-
leslavin pod StfeSovicemi.

Jiz zminény projekt trasy D prazského metra by mél rovnéz navazat
zahdjenim vystavby navazujiciho tseku Olbrachtova — Nové Dvory,
ktery zahrnuje strojni razbu tratovych tuneld v rozsahu Pisnice — Na-
drazi Kr¢. Dalsi ¢asti tohoto projektu jsou v pripravé, at uz jde o severni
dsek Pankrac — Namésti Miru, nebo tfi stanice a depo na jiZznim konci
trasy.

To jsou projekty s konkrétni ¢asovou perspektivou. Dlouhodobéjsi
vyhled na vystavbu zajimavych tunelovych staveb vSak také neni Spat-
ny. Dokoncena byla dokumentace pro tizemni fizeni vyznamné prazské
podzemni stavby — posledni ¢asti prazského méstského okruhu Pelc-
-Tyrolka — Stérboholy, na které se rovnéz podilime v tisecich Pelc-Ty-
rolka — Balabenka a Libeiiska spojka.

Optimisté v mlad$im véku mohou vzhliZet s nadéji i k velkolepému
projektu sité vysokorychlostnich trati, ktery se v posledni dobé dava
vice a vice do pohybu. Pfiprava takovych sta-
veb je ovSem v posledni dobé proces ¢asové
téZko predvidatelny, pres vSechna ujiStovani
o zjednoduSeni legislativy a urychlovani po-
stupu ufednich povoleni.

Tolik mij Gvodnik za firmu Metroprojekt.
Budu rad, kdyZ se nyni zactete do odbornych
prispévkti mych kolegti i dalSich odbornikt.
Chci ujistit v8echny nase obchodni pratele

ING. DAVID KRASA
mistopredseda predstavenstva,
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DEAR COLLEAGUES, READERS OF TUNEL
JOURNAL,

I am very happy to be allowed to greet you again from
this part of the journal on behalf of the METROPROJEKT
Praha company. The last time I took stock here was on the 50
anniversary of the founding of the company. This time allow
me to look back at the mutual relations between Metroprojekt
and tunnels in the last two years.

Briefly, the last two years can be characterised as being
quite rich in opportunities for tunnellers — designers in the
Czech Republic, and compared to previous times, some
remarkable opportunities for tunnellers - builders have also
appeared.

Among the completed structures carried out according to our designs,
I would like to name the Deborec¢ double-track tunnel on the Sudoméfice
— Votice rail line section that has already been put into operation. It 660m
long and a conventional NATM excavation took place here. I also want
to mention the new Osova — Kampus tram line in Brno, which, due to the
configuration of the terrain, is largely underground, including one tram
stop. The tunnel was built in an open pit and the tram line was opened
for service in December last year. With a bit of exaggeration, it can be
said that Brno thus acquired the first section of the underground railway.

As far as our designs for projects under construction, I and many other
colleagues from the Metroprojekt feel satisfied that the construction
of the fourth line of the Prague metro started already more than a year
ago. We have been engaged in practical designing of the D-line since
2010, and now the construction of the Pankrac — Olbrachtova initiation
section is in full swing. Both of these stations are at deep level, mined,
and the geological conditions are certainly not optimal. We are happy
that the underground work is proceeding without major surprises
and according to our design assumptions. From our point of view, we
succeeded in identifying the decisive risks of underground excavation in
these conditions by an additional geological survey, which was carried
out from exploratory shafts and tunnels for a period of two years before
the start of the actual construction. An effective method of strengthening
and compensation grouting of a rather variable rock environment was
verified concurrently.

For tunnel builders, I would like to draw attention to the most important
designs that we are preparing.

Our design for the Prague — Airport — Kladno railway connection has
(finally) reached the implementation phase. For the time being, only
in at-grade sections, but the construction of two underground railway
stations, the Prague-Vaclav Havel Airport and the Prague-Dejvice, with
adjacent cut-and-cover sections, could begin in a historically short period
of time. We will probably have to wait a little longer for the start of
mechanical excavation of the more than 3km long Dejvice — Veleslavin
pod StieSovicemi tunnel.

The already mentioned Prague metro D-line project should also
follow by the start of the construction of the Olbrachtova — Nové Dvory
connecting section, which includes mechanical excavation of running
tunnels in the range of Pisnice — Nadrazi Kr¢. Other parts of this project
are in preparation, whether it is the Pankrac — Namésti Miru section or the
three stations and depot at the southern end of the metro line.

These are projects with a specific time perspective. However, nor the
longer-term outlook for the construction of interesting tunnel structures is
bad. The documentation for the zoning process for the important Prague
underground structure - the last part of the Prague City Circle Road, the
Pelc-Tyrolka — Stérboholy, in which we are also involved in the Pelc-
Tyrolka — Balabenka and Libeii connection sections, has been completed.

Younger optimists can also look with hope to the spectacular High-
Speed Rail Network project, which has been
getting more and more in motion in recent times.
Recently, however, the preparation of such
projects is a process that is difficult to predict
in terms of time, despite all the assurances of
simplifying the legislation and speeding up the
process of obtaining official permits.

So much for my editorial on behalf of the
METROPROJEKT Praha company. I will be
happy if you now read the professional con-

a partnery, Ze si velmi vazim dosavadniho i bu- METROPROJEKT Praha a.s. tributions of my colleagues and other experts.
douctiho zajmu o spolupraci. Vice-President of the Board, I want to assure all our bum_ness friends and
partners that I greatly appreciate the past and

METROPROJEKT Praha a.s.

future interest in cooperation.
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VAZENE DAMY, VAZENI PANOVE,

vydani druhého letoSniho Cisla Casopisu Tunel je
pro stavebni spolecnost OHLA ZS, a.s., vyjimecné.
Zaméreni Casopisu nds profesné nesmirné obohacuje.
Zaroven si velmi cenim nasich odbornikd, diky kterym
muZeme tentokrat i my ¢tenarfim predstavit zdafilé vy-
uziti riznych metod a technologii pfi realizaci naSich
projektu.

Prvni prispévek seznami ¢tenére s rekonstrukei Bla-
nenského tunelu ¢. 8/2 v Jihomoravském kraji, pfi které
bylo ptvodni osténi kruhového profilu ze Zelezobetonovych seg-
ment nahrazeno novym dvoupld$tovym osténim s mezilehlou
izolaci. Druhy p¥ispévek je vénovan razbé tunelu Cebrat u sloven-
ského Ruzomberoku, jehoz délka i trasovani byly v pribéhu vy-
stavby zdsadné zménény. V naSem tietim pfispévku popisujeme
unikétni metodu protlaku Zelezobetonového podjezdu Ctvercové-
ho tvaru realizovaného pod Zelezni¢nim koridorem za provozu pfi
vystavbé cyklostezky mezi Litovli a UniCovem.

Predstavené stavby dokumentuji schopnost nasich tymu efek-
tivné reagovat na zmény a nové okolnosti vznikajici u realizova-
nych projektl, nabidnout alternativni technické feSeni a inovativ-
ni metody. Takové pobidky mohou byt zajimavé i pro investora
v podobé kratsi doby realizace ¢i sniZeni ceny dila. Spolu s vyso-
kou kvalitou nami nabizenych sluZeb tvofi zaklad naSich dlouho-
dobych priorit bez ohledu na nepredvidatelné udalosti poslednich
mésici Ci let, které vyznamné zasahly do naSich Zivotd v soukro-
mé i profesni roviné. Pandemii covidu-19 vystfidala v tnoru 2022
eskalace dlouhodobé napjaté mezinarodnépolitické situace ve vy-
chodni Evropé a energetické krize, coz se citelné dotklo i ceského
stavebnictvi. DoSlo mimo jiné k dal$imu nartistu cen stavebnich
materialti, omezeni dlouhodobych investic a prohloubeni ne-
ustdlého nedostatku pracovnich sil. Navzdory napjaté atmosfére
a pretrvavajici vSeobecné nestabilité pokracujeme v realizaci celé
fady zajimavych a mnohdy unikdtnich projekti.

Nase spolecnost jiz sedmdesat let prinasi modernizaci a ze-
fektivnéni dopravy ¢i jeji lepSi dostupnost, kultivaci vefejného
prostoru, nové nebo Sir§i moznosti sportovniho a rekreac¢niho vy-
Ziti, vraci krasu historickym a paméatkové chranénym budovam.
Zabezpecuje vystavbu multifunkénich domi, vyrobnich hal a ad-
ministrativnich budov, rekonstruuje nemocnice. Zajistuje kom-
pletni vystavbu kanalizaci, vodovodi, Cistiren odpadnich vod ¢i
prehrad.

Jsem nesmirné rad, Ze mohu konstatovat, ze OHLA ZS je spo-
le¢nosti nejen s bohatou minulosti, ale i perspektivni budoucnosti
se zavazkem k ekonomické, socidlni a environmentalni udrzi-
telnosti. Prinsi profesionalitu a §pickovd a inovativni feSeni na
miru, at uz v roli hlavniho zhotovitele, dodavate-
le ¢i obchodniho partnera. Je symbolem tradice,
davéry, pokroku a udrzitelné budoucnosti. Méni
svét kolem nds pro nés vSechny k lepsSimu.

Pteji vam inspirativni a pfijemné Cteni.

ING. ROMAN KOCUREK
generalni Feditel

Tuel

DEAR LADIES, DEAR GENTLEMEN,

The publication of, this year second, issue of Tunel
journal is exceptional for the construction company
OHLA 7S, a.s. The focus of the magazine enriches us
immensely professionally. At the same time, I highly
value our experts, thanks to whom we can present to
our readers the successful use of various methods and
technologies in the implementation of our projects.

The first contribution introduces the reader to the
reconstruction of the Blanensky tunnel No. 8/2 in the
South Moravian region, during which the original reinforced
concrete segments lining the circular tunnel profile was replaced
by a new double-shell lining with intermediate waterproofing.
The second contribution is devoted to the excavation of the Cebrat
tunnel near RuZomberok in Slovakia. Its length and alignment
were fundamentally changed during construction. In our third
contribution, we describe the unique method of jacking a square-
profile reinforced concrete underpass structure under the rail
corridor without interruption to traffic during the construction of
the cycling path between Litovel and Unicov.

The presented projects document the ability of our teams to
respond effectively to changes and new circumstances arising in
projects being implemented, to offer alternative technical solutions
and innovative methods. Such incentives can also be interesting for
the client in the form of a shorter construction time or a reduction in
the cost of the work. Together with the high quality of the services
we offer, they form the basis of our long-term priorities, regardless
of the unpredictable events of the last months or years, which have
significantly affected our lives at private and professional levels.
The COVID-19 pandemic was replaced in February 2022 by the
escalation of the long-term tense international political situation
in Eastern Europe and the energy crisis, which also significantly
affected the Czech construction industry. Among other things,
there was a further increase in the price of building materials, a
reduction in long-term investment and a deepening of the persistent
labour shortage. Despite the tense atmosphere and ongoing general
instability, we continue to implement a number of interesting and
often unique projects.

For seventy years, our company has been bringing modernisation
and streamlining of transport or its better accessibility, cultivation of
public space, new or wider possibilities for sports and recreational
activities, restoring the beauty of historic and heritage designated
buildings. It ensures the construction of multifunctional buildings,
production sheds and administration buildings, and reconstruction
of hospitals. It carries out the complete construction of sewers, water
mains, wastewater treatment plants or dams.

I am extremely happy to state that OHLA ZS is a company
not only with a chequered history, but also with a perspective

future with a commitment to economic, social
sustainability. It brings
professionalism and leading edge and innovative
tailor-made solutions, whether in the role of a main
contractor, contractor or business partner. It is a
symbol of tradition, trust, progress and a sustainable
future. It changes the world around us for the better

for all of us.
I wish you an inspiring and enjoyable

read.

and environmental

a 1. mistopredseda predstavenstva
OHLA ZS, a.s.
Chief Executive Officer and 1t Vice-Chairman
of the Board of Directors of OHLA ZS, a.s.
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PRIPRAVA A REALIZACE METRA D V PRAZE
DESIGN AND CONSTRUCTION OF METRO D IN PRAGUE

ZDENEK ZIZKA, MARQS DAVID, MIROSLAV KOCHANEK, PAVLINA SEHNALOVA, PETR VISNAK

ABSTRAKT

Cldnek se zabyvd pripravou a realizaci metra D v Praze, pro kterou je spolecnost METROPROJEKT Praha a.s. zpracovatelem projek-
tové a realizacni dokumentace. V iivodu je trasa metra D predstavena jako celek a popsdna etapizace jeji postupné vystavby. Krdtce jsou
shrnuty jiZ dokoncené prdce z jednotlivych stavenist prvni etapy. Ponejvice je ¢ldnek zaméren na specifické aspekty ndvrhu tratovych tunelii
realizovanych plnoprofilovymi tunelovacimi stroji v ramci etapy I1.D1b (Olbrachtova — Nové Dvory). Zdvérecnd kapitola pribliZuje specifi-
ka mezistanicniho vseku raZeného NRTM mezi stanicemi NddraZi Kr¢ a Olbrachtova, ktery je rovnéz soucdsti etapy 1.D1b.

ABSTRACT

The article deals with the preparation and construction of Metro D in Prague, for which METROPROJEKT Praha a.s. is the author of
the detailed design and the construction design documents. First, the Metro D line is presented as a whole, and the construction phases
are described. The structures completed at the individual construction sites of the first phase are briefly summarised. The article is mainly
focused on specific aspects of the design of the route tunnels excavated by full-face tunneling machines within the framework of Phase
L.D1b (Olbrachtova — Nové Dvory). The last chapter introduces the specifics of the NATM excavation of the intermediate section between
the stations NddraZi Kr¢ and Olbrachtova, which is also part of Phase 1.D1b.

A — = . 1. INTRODUCTION
=
NAMESTI MIRT s s Metro D is a complex construction project which, due to
P excavated by NATM its scale, is divided into several phases, which are carried out
? : : gradually and at different periods of time. The construction began
LD3 NAMEST 2.5~ g with an complerflentary geological investigation'in the area of
BRATEI SYNKLU the future Pankrdc D and Olbrachtova (0-a) stations. Currently,
| e a7 . 4 the construction of the Pankrac — Olbrachtova stations (I.D1a) is
! & ' " continuing, including the section between the tunnels. Work on the
- "PANKRAL. -.zf ¥ - [.D1b section between Olbrachtova (excluding) and Nové Dvory
o - &~ & excavated by NATM . . L.
E‘g | [ ﬂ‘ stations is also planned to begin in 2023.
,25§ [OLBRACHTOVA - J_ - 13 The commissioning of D Line is also planned in phases, as
2 2 - o . excavated by NATM
EE _ . \ : follows:
= = NADRAZLKRE "‘ ] e first, the Pankric D — Nové Dvory section will be put into

operation, which is planned for December 2029;
 the stations Libu§, Pisnice and Depo Pisnice will be put
: into operation after the acquisition of the land needed for
NOVE DVORY \ excavated by NATM their construction by the investor, therefore the date of their

* NEMOCNICE hloubena

N kré

Ll
=

razba EPBS
EPBS excavation

ol commissioning cannot be precisely determined at the moment;
hloubena * the last section put in operation will be the section of Metro D
line between Pankrac and Namésti Miru.

/ \ Ficuberd For easier orientation in the planned construction progress of
P | SNICE '- - 1 1 1 1 1
" the D Line, its phases are entered in the Table 1 and illustrated in

jéma Rezerva - s 10,2 .
ez
-

" DEPO PISNIC

2. 1.D1A SECTION PANKRAC - OLBRACHTOVA

The construction of Metro D line in I.D1a Section Pankrac D —

Obr. 1 Situacni schéma pldnované trasy metra D

Fig. 1 Plan view of the planned Metro D Line Olbrachtova started in April 2022. The majority of the excavation
works volume is being carried out from the three construction
1. UvVOoD sites — PADIb (Pankrdc D 1b), VO-OL (Ventilation structure

Olbrachtova) and OL2 (Olbrachtova 2). The listed construction

Vystavba metra D je komplexnim projektem, ktery je z davo-
sites are further briefly characterized below, and a summary of the

du svého rozsahu roz¢lenén do nékolika etap, jeZ jsou provadé-
ny postupn& a v riznych Casovych obdobich. Sama vystavba za- current status of works as of the end of January 2023 is provided. A
¢ala doplitkovym geologickym priizkumem v oblasti budoucich more detailed overview of the work being carried out is regularly
stanic Pankrdc D a Olbrachtova (0-a). V soucasnosti pokratuje | presented in the Tunel magazine in “News update of underground
stavbou stanic Pankrdc — Olbrachtova (I.D1a) vCetné pfisluSného construction in the Czech and Slovak Republic.”
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Tab. 1 Etapizace vystavby metra D
Table 1 Construction Phases of Metro D

Etapizace vystavby Construction Phases

Tuel

probéhlé past

probihajici ongoing

budouci future

dopliikovy geologicky prizkum I.D1a
_complementa%?eologlcal
investigation |.DTa

0-a

1 |1D1a Pankrac - Olbrachtova (vcetné)
.D1a Pankréc — Olbrachtova (including)

0-b

dopliikovy geologicky priizkum .D3
complementary geological investigation 1.D3

.D1b Olbrachtova (mimo) — Nové Dvory

+ tratové tunely do jamy Rezerva

.D1b Olbrachtova 8exc uding) — Nové Dvory
+ running tunnels towards the Rezerva pit

1.D2 Stanice Libus, Pisnice, Depo Pisnice,
DeBo — podle zajisténych pozemk

|.D2 Station Libus, Pisnice, Depo Pisnice,
Depot — depending in the land acquisition

mezistani¢niho dseku. V roce 2023 je
ddle pldnovano zahdjeni praci na useku
L.D1b mezi stanicemi Olbrachtova (mimo)
a Nové Dvory.

Zprovozinovani trasy D je rovnéz plano-
véano v etapach, a to nasledujicich:

* nejprve dojde ke zprovoznéni useku
Pankrac D — Nové Dvory, které je pla-
novano na prosinec roku 2029;

* stanice Libus, Pisnice a Depo Pisnice
budou uvedeny do provozu podle za-
jisténi pozemkd potiebnych k jejich
vystavbé investorem, proto datum je-
jich zprovoznéni neni v souc¢asné dobg
mozné presné urcit;

* poslednim zprovoznénym usekem pak
bude ¢ést linky metra D mezi Pankréci
a Naméstim Miru.

Pro snaz$i orientaci v planovaném po-
stupu vystavby trasy D je jeji etapizace
vepsdna do tab. 1 a prehledné graficky
zndzornéna na obr. 1.

2. USEK 1.D1A PANKRAC -
OLBRACHTOVA

Vystavba linky Metra D v useku I.Dla
Pankrac D — Olbrachtova byla zahijena
v dubnu roku 2022. VEtSina objemu razic-
skych praci probihd z celkem tii stavenist
— PAD1Db (Pankrac D 1b), VO-OL (Vétraci
objekt Olbrachtova) a OL2 (Olbrachtova
2). Vyjmenovana stavenisté jsou dale krat-
ce charakterizovana a zdrovei je poskytnut
souhrn aktudlniho stavu praci ke konci
ledna roku 2023. Detailnéjsi prehled pro-
vadénych praci je pravidelné predstavovan
v Casopise Tunel v ,, Aktualitdch z podzem-
nich staveb v Ceské a Slovenské republi-

“«

ce.

2.1 Stavenisté PAD1b

Staveni$t¢ PADIb se nachdzi na plose
uzaviené sjezdem z ulice 5. kvétna do uli-
ce Na Strzi. Jiz v etapé€ dopliikkového geo-
logického priizkumu zde byla vyhloubena
Sachta, z niZ bude razena Cast stanice Pan-
krac D (obr. 2).

|.D3 Pankrac (mimo) — Namésti Miru
excluding) — Namésti Miru

|.D3 Pankrac

Obr. 2 Sachta na stavenisti PAD1b
Fig. 2 Shaft at the construction site PAD1b

¥

Obr. 3 Pohled do strojovny VZT (vlevo) a pristupové a VZT S$toly (vpravo)
Fig. 3 View into HVAC tunnel (left) and into the access and ventilation adit (right)
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Obr. 4 Patni stola s prvkem svarované ocelové vyztuZe
Fig. 4 Bottom drift with welded steel reinforcement

Od zahdjeni praci do ledna 2023 byla provedena razba priistu-
pové a vzduchotechnické Stoly v délce zhruba 205,0 m s plochou
vyrubu 60 az 64 m? v odboceni 81 m? (obr. 3). Vyrub je zajistén
pomoci stiikaného betonu tl. 250 aZ 400 mm podle technologické
tfidy vyrubu. Osténi je vyztuzeno ocelovymi sitémi KARI s pri-
lozkovou vyztuzi a ocelovymi prihradovymi ramy. Klenba vyru- \
bu je zajisfovana svorniky a predstihovym jehlovanim, ve tfidé 5b g |

s doplnénim chemickou tlakovou injektdzi. Ke konci ledna byla Obr. 5 Pristupovd Sachta OL2 s protihlukovou halou

zahdjena razba technologického tunelu. Fig. 5 Access shaft OL2 with sound-proof roof
hloubena jama hloubena stanice hloubena stanice
start EPBS dostavba v dalSi etapé dostavba v dalsi etapé
open cut pit, cut & cover station cut & cover station
launch of EPBS completion in the next stage completion in the next stage
— —— —— e

jednokolejné tunely - razba EPBS
single-track tunnels - EPBS excavation

@& SOD 20 SOD 20@& SOD 19

proterozoické horniny A, )
Proterozoic rocks Sérecké souvrstvi
Sarecké formation
J‘ skalecké kiemence dobrofivkse
Avistsky piesmyk ] ! souvrstvi
zawszésVi)’; tglg’/sfazlt / skalecké quartzite |  dobrotivské
formation
proterozoikum N ordovik
Proterozoic Ordovician
jama Rezerva Pisnice Libus Nové Dvory
Rezerva pit Pisnice Libu$ Nové Dvory
= = =——
49,0 48,0 47,0

Obr. 6 Podélny rez s predpoklddanymi geotechnickymi poméry — etapa vystavby 1.D1b
Fig. 6 Longitudinal section with predicted geotechnical conditions — construction phase 1.D1b
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2.2 Stavenisté VO-OL

Stavenisté je umisténo mezi ulicemi Na Strzi a Jankovska. Ves-
keré prace v podzemi jsou podobné jako na ostatnich stavenistich
provadény pres Sachty. Ta na stavenisti VO-OL je vyuZita pro po-
stupy jak ke stanici Pankrac D, tak ke stanici Olbrachtova.

Vyrub stanice Pankric se neprovadi od kaloty, ale pon¢kud ne-
tradi¢né ode dna. Prvni realizovanym dil¢im vyrubem je v soucCas-
nosti provadéna patni Stola. Celkova délka patni Stoly je 130,61 m,
z ¢ehoz 43,7 m bylo provedeno v ramci dopliujiciho geologické-
ho priizkumu jako prvni dil¢i vyrub (etapa 0-a). V ramci vystavby
trasy metra I.D1a se tento tsek rozsifil na plny profil Stoly a dalsi
razba jiz pokracuje v plném profilu. Patni Stola ma celkovou plo-
chu vyrubu 50,6 m? a je zajiSténa osténim ze stfikaného betonu tl.
550 mm, vyztuZzeného ocelovymi sitémi KARI a ocelovymi pri-
hradovymi rdmy nebo rdmy z vélcovanych profilii (obr. 4). Klenba
vyrubu je zajiStovana svorniky a predstihovymi jehlami, které jsou
ve tfidé 5b doplnény chemickou tlakovou injektazi.

Ve sméru ke stanici Pankrdc D navazala na prvni dil¢i vyrub,
vyraZeny v ramci dopliujiciho geologického prizkumu, razba dru-
hého dil¢iho vyrubu dvoukolejného tunelu v délce 66 m. Dalsi Cin-
nost v tomto sméru byla z diivodu prednostni razby patni Stoly ve
stanici doCasné prerusena.

Ve sméru ke stanici Olbrachtova byl vyraZzen dvoukolejny tunel
pro osovou vzdalenost koleji (0. v.) 5,0 m, ktery se ndsledné rozsifil
na o. v. 5,8 m. Prvni dva tseky byly provadény pii horizontdlnim
¢lenéni vyrubu a nejSirsi profil pfi vertikdlnim c¢lenéni. Celkova
délka dvoukolejného tunelu je cca 176 m. Z dvoukolejného tunelu
pokracuje dale razba levého jednokolejného tratového tunelu a raz-
ba pravého tratového tunelu s rozpletem do kolejové spojky C-D.
Na stavenisti VO-OL byla také provedena vzduchotechnicka Sachta

Tuel

2.1 PAD1b site

The PAD1b construction site is located in an area surrounded by
the exit road of 5. kvétna street and Na StrZzi street. In the phase of
the complementary geological investigation, a shaft was excavated
here, from which a portion of the Pankrac D station will be excavated
(Fig. 2).

From the commencement of the works until January 2023,
an access and ventilation tunnel was excavated with a length of
approximately 205.0m with an excavation area of 60 to 64m?, and
81m? in the branching-off section (Fig. 3). Excavation is supported
with shotcrete 250 to 400mm thick, depending on the technological
tunnelling class. The lining is reinforced with KARI steel meshes
with additional rebar reinforcement and steel lattice girders. The arch
of the excavation is reinforced with bolts and by spiling, and in class
5b a chemical high pressure grouting is added. Excavation of the
technological tunnel began at the end of January.

2.2 VO-OL site

The construction site is located between Na Strzi and Jankovska
streets. All underground work is carried out through shafts, similar
to other construction sites. The one at the VO-OL construction site
is used for tunneling towards both the Pankrdc D and Olbrachtova
stations.

Excavation of the Pankréc station is not carried out from the top
heading, but somewhat unconventionally from the bottom. The first
excavated opening is the bottom drift which currently being under
construction. The total length of the bottom drift is 130.61m, of which
43.7m was carried out with partial excavation profile (0-a Phase) as
part of the complementary geological investigation. As part of the
construction of the I.D1a metro line, this section was widened to
the full profile of the bottom drift, and further excavation is already
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do hloubky 34 m a navazujici raZena strojovna vzduchotechniky
v délce cca 50 m.

2.3 Stavenisté OL2

StaveniSté¢ se nachdzi mezi ulicemi Kovafovicova a Na Strzi
v t&€sné blizkosti panelového domu. Z tohoto mista budou probi-
hat prace na razbé stanice Olbrachtova. Pro pfistup do podzemi
je navrzena elipsovita Sachta, kterd je kryta protihlukovou halou
(obr. 5). Zajisténi Sachty je navrzeno z prevrtavanych pilot, které
jsou kotveny ve dvou urovnich pramencovymi kotvami. Pilotova
Cast Sachty bude nasledné prohloubena o 18,3 m, s primarnim osté-
nim a systémovym kotvenim vyrubu. Celkova hloubka Sachty bude
33,8 m. Aktudlné probihaji prace na dokonceni kotveni a prevazky
druhé kotevni drovné. Soucasné je provadén mikropilotovy dest-
nik, jako predstihové opatieni pro navazujici ¢ast Sachty.

3. USEK 1.D1B TRATOVE TUNELY NADRAZI KRC - JAMA
REZERVA

Na dseku I.D1b je uvaZovano s razbou tratovych tuneld metodou
mechanizovaného tunelovani z jamy Rezerva do stanice Nadrazi
Kr¢ a s konven¢ni razbou ve zbyvajici Casti mezi stanicemi Nadrazi
Kr¢ a Olbrachtova.

Pidorysné razby tratovych tuneld, které budou provadény meto-
dou mechanizovaného tunelovéni, zasahuji do etap .D1b a 1.D2,
ale ¢asove budou realizovany jiz v etapé .D1b.

Montéz plnoprofilovych tunelovacich stroji bude provedena
v hloubené stavebni jamé Rezerva (obr. 1). Podélny fez usekem je
zobrazen na obr. 6. Od mista startu budou tratové tunely plynule
raZeny proti sméru staniceni az do stanice Nadrazi Kr¢. Dvojice
hloubenych stanic Pisnice a Libu$ bude realizovana az v etapé 1.D2,
osténi trafovych tunelti bude proto v téchto mistech rozebrano a
zruseno. Stanice Nové Dvory a Nemocnice Kr¢ budou v predstihu
stavebné pripraveny do té miry, aby jimi mohly byt oba tunelovaci
stroje postupné protazeny.

Trafové jednokolejné tunely budou v celém useku raZzeny zemi-
novymi Stity (Earth Pressure Balanced Shields — dale jen EPBS),
kdy horninovy/zemni tlak a hydrostaticky tlak jsou béhem vSech
fazi vystavby kompenzovany protitlakem v pracovni komore stroje
(obr. 7). Celkova délka jednoho tubusu razeného EPBS je v souctu
zhruba 4,8 km.

3.1 Stavebni jama Rezerva

Stavebni jama Rezerva je situovand v oblasti reten¢ni nadrze
a jeji pidorys a umisténi bylo navrZeno za sloZitych podminek
vzhledem k blizkému vedeni vodovodnich rada 3 x DN 1200,
mistni komunikace, reten¢ni nadrZe a navazujicich navrhovanych
trafovych tuneld. Startovaci kaverna pro start EPBS provadéna
technologii NRTM je navrZena z hloubené jimy Rezerva v misté
pravé koleje v délce 75,0 m ve sméru razby. Start EPBS na levé
koleji bude probihat standardné z oteviené jamy.

3.2 Tratovy usek jama Rezerva - Nové Dvory
(SOD 202 19)

Vzhledem k faktu, Ze hloubené stanice budou realizovany do-
date¢né do jiz vyrazenych tunell, bude stavebni oddil (SOD) 20
a 19 délky cca 3,1 km raZen najednou, bez pferuseni. Tunely budou
od mista budouciho hloubeného portalu v km 49,433 podchézet
Kunratickou spojku do prostoru pied byvalym pisnickym maso-
kombinatem. Osova vzdélenost obou tunelovych trub se zuZuje
z puvodni hodnoty 35,6 m na 19,3 m. Trasa je dile vedena zasta-
vénym uzemim Pisnice pod LibuSskou ulici, pfes Meteorologickou
az k Novodvorské ulici. Zde se bude potkdvat s tramvajovou trati
provadénou v soucasné dobé, jejiz konecna stanice bude mistné
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continuing in the full profile. The bottom drift has a total excavation
area of 50.6m’ and is supported by a shotcrete lining of thickness
550mm, reinforced with KARI steel meshes and steel lattice girders
or frames from rolled steel profiles (Fig. 4). The excavation arch is
supported by bolts and spiling, which are supplemented by chemical
high pressure grouting in class 5b.

In the direction of the Pankrac D station, the first partial profile,
which was excavated as part of the complementary geological
investigation, was followed by the second partial profile excavation
of the double-track tunnel with a length of 66m. Further excavation
in this direction was temporarily suspended due to the priority given
to the excavation of the bottom drift in the station.

A double-track tunnel was excavated in the direction of the
Olbrachtova station for track spacing of 5.0m, which was subsequently
widened to an track spacing of 5.8m. The first two sections were
excavated by the heading and bench method and the widest profile
by the side drift method. The total length of the double-track tunnel
is approx. 176m. From the double-track tunnel, the excavation of
the left single-track running tunnel and the excavation of the right
running tunnel with a branching into the C-D connection track
continues. At the VO-OL construction site, a ventilation shaft 34m
deep, and a connected technological room with a length of approx.
50m were excavated.

2.3 OL2site

The construction site is located between Kovarovicova and Na Strzi
streets, in close proximity to the block of flats building. Excavations
of the Olbrachtova station will take place from this location. For
access to the underground, an elliptical shaft is designed, which is
covered by a sound-proof roof (Fig. 5). The shaft is supported by
drilled piles, which are anchored in two levels with cable anchors.
The pile portion of the shaft will subsequently be deepened by
18.3m excavation, and supported with a primary lining and system
bolting. The total depth of the shaft will be 33.8m. Work is currently
underway to complete the anchors and waling beams of the second
anchoring level. At the same time, a micro-pile umbrella is being
drilled as an advance measure for the subsequent part of the shaft.

3. 1.D1B SECTION - RUNNING TUNNELS BETWEEN
NADRAZI KRC AND REZERVA PIT

In the section I.D1b, it is planned to use mechanized tunneling from
the Rezerva pit to Nadrazi Kr¢ station, and conventional tunneling in
the remaining part between NadraZi Kr¢ and Olbrachtova stations.

:%

hydrostaticky tlak zemni tlak tlak podpurného média
hydrostatic earth pressure of the support
pressure pressure medium

zdroj Herrenknecht AG source Herrenknecht AG
Obr. 7 Princip podpory Celby pri razbé EPBS
Fig. 7 The principle of EPBS face support



32. rocnik - €. 2/2023

odpovidat stanici metra Libus. Pod Novodvorskou ulici povedou
tunely déle aZ po rozhrani s tunely vétveni tras pred stanici Nové
Dvory (SOD 19). Podél trasy metra je planovdna v tomto useku
vystavba nékolika developerskych projekti, se kterymi musel byt
navrh trafovych tunelti koordinovan. Stanici Nové Dvory se Stity
protahnou a v zardzkéach (startovacich kavernach) probéhne start
tunelovacich strojii pro razby navazujiciho useku do stanice Ne-
mocnice Kré.

3.3 Tratovy lisek Nové Dvory - Nemochice Krc (SOD 18)

SOD 18, trafovy usek mezi hloubenou stanici Nemocnice Kr¢
a jednolodni raZzenou stanici Nové Dvory, fesi kolejové propoje-
ni pomoci dvojice raZzenych jednokolejnych tunelt. Délka useku,
ktery prochédzi do svahu nad Nemocnici Kr¢ smérem k Novym
Dvortim pod ulicemi RuZzinovska, Hurbanova, Sladkovi¢ova a Sta-
rova, je zhruba 0,9 km. V useku bude podchdzeno mnoho vysokych
panelovych domut. Kromé zédkladnich tratovych tuneld (jednoko-
lejnych) obsahuje stavebni oddil vzduchotechnické propojky mezi
tratovymi tunely a zakladni nefekalni jimku. Propojky umozni jed-
nak sniZeni pistového tuc¢inku od jedouciho vlaku a rovnéz ptipad-
nou evakuaci osob se zasahem zachrannych jednotek pii zastaveni
vlaku. Za normalnich provoznich podminek zistavaji dvefe v pro-
pojkach oteviené.

3.4 Tratovy usek Nemocnice Krc - Nadrazi Krc (SOD 16)

SOD 16, tratovy usek mezi hloubenymi stanicemi Nadrazi Kr¢
a Nemocnice Kr¢, fesi kolejové propojeni pomoci dvojice raze-
nych jednokolejnych tunelti se vzduchotechnickymi propojkami
a nefekdlni jimkou. SOD ma celkovou délku cca 0,8 km a je cha-
rakteristicky relativné nizkym nadloZim s povrchovou zastavbou
rodinnymi domy.

3.5 Geotechnické poméry

V trase razby se nachézeji dva vyznamné geologické celky: pro-
terozoikum a paleozoikum-ordovik. Rozhrani mezi témito dvé-
ma vyznamnymi celky pak tvofi tzv. Zavistsky presmyk, ktery je
spolu s ofekdvanym sledem souvrstvi hornin zobrazen na obr. 6.
Podél struktury Zavistského prfesmyku jsou star$i horniny prote-
rozoika nasunuty na mladsi horniny ordovického stari. Zavistsky
presmyk je prikie uklonén k JV a vyskovy pohyb podél ného se
odhaduje na vice nez 1000 m. Predpoklada se, Ze je to Siroké po-
ruchové pasmo vyplnéné silné porusenymi, drcenymi a prohnéte-
nymi horninami charakteru az tektonické brekcie, které jsou silné
zvodnélé.

Razba se tak bude v celém tseku odehravat pod hladinou pod-
zemni vody. PficemZ v pfipadé proterozoickych hornin je mozné
ocekavat radoveé vyssi propustnost nez v ptipad¢ hornin ordoviku.
Proterozoikum (Pt)

Nejstarsi horniny zastiZzené v trase jsou soucasti barrandienské-
ho proterozoika. Stratigraficky nalezi svrchnimu proterozoiku, a to
litostratigrafické jednotce oznaCované jako Sté€chovickd skupina.
Tyto horniny jsou zastoupeny petrograficky nestejnorodymi velmi
slabé metamorfovanymi jemnozrnnymi horninami motského piivo-
du — bridlicemi, prachovci a drobami. Lokalné se mohou vyskyto-
vat také polohy drobovych slepenct s dobfe zaoblenymi valouny.
Horniny mohou obsahovat proniky bazickych vylevnych a Zilnych
hornin doprovazenych tufy, tufity a tufitickymi bridlicemi. Prote-
rozoické horniny celkové patii jednoznacné k nejpevnéj$im horni-
nam zastiZenym v trase metra. Typicky je jejich rozpad nepravidel-
né polyedricky, deskovity nebo roubikovity. Celé souvrstvi je pfi
povrchu lokalné postizeno intenzivnim fosilnim zvétranim velmi
proménlivé hloubky, kdy jsou horniny rozpadlé (degradované) az
na jily s proménlivou pfimési ostrohrannych tdlomkt ptivodnich
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The mechanized excavations of the running tunnels will be
realized already in phase I.D1b although in the plan view they extend
into sections .D1b and 1.D2.

Assembly of full-face tunneling machines will be carried out in the
excavated Rezerva pit. The longitudinal section is shown in Fig. 6.
From the launch, the running tunnels will be continuously excavated
to NadraZi Kr¢ station in the direction of decreasing stationing. The
pair of excavated stations Pisnice and Libu$ will be realized in phase
1.D2, the lining of the running tunnels will therefore be dismantled
and removed in the stations. The stations Nové Dvory and Nemocnice
Kr¢ will be structurally prepared in advance to the extent that both
tunneling machines can be gradually pulled through them.

The single-track running tunnels will be excavated for the entire
section with Earth Pressure Balanced Shields (EPBS), where rock/
earth pressure and hydrostatic pressure are supported by a pressure
in the working chamber of the machine during all phases of
construction (Fig. 7). The total length of one tube excavated with
EPBS is roughly 4.8km in total.

3.1 Rezerva open pit

The Rezerva open pit is situated in the area of the retention pond,
and its layout and location were designed in complex conditions
due to the proximity of 3 x DN 1200 water supply lines, local road,
retention pond and the adjacent proposed running tunnels. The
lunching NATM cavern for the TM start is designed in the Rezerva
pit at the location of the right track of a length of 75.0m in the
excavation direction. The TM start on the left track will take place in
a standard way from the open pit.

3.2 Line section Rezerva pit - Nové Dvory
(SOD 20 and 19)

Due to the fact that the cut & cover stations will be excavated after
the running tunnels, the running tunnels in construction sections
(SOD) 20 and 19 with a length of approximately 3.1km will be
excavated without being interrupted by stations construction. The
tunnels will pass from the location of the future portal at km 49.433
under the Kunratickd spojka to the area in front of the former Pisnice
meat processing plant. The spacing of the two tunnel tubes narrows
from the original value of 35.6m to 19.3m. The route continues
through the built-up area of Pisnice under Libu$skd street, through
Meteorologicka to Novodvorska street. Here it will meet the tram
line currently under construction whose terminus station will
coincide with the Libu§ metro station location. Under Novodvorska
street, the tunnels will continue to the tunnels branching in front of
Nové Dvory station (SOD 19). Several development projects are
planned along the metro line in this section, with which the design of
the running tunnels had to be coordinated. The shields will be pulled
through the Nové Dvory station and will be restarted in the short
excavations (launching caverns) for the excavations of the adjoining
section towards the Nemocnice Kr¢ station.

3.3 Line section Nové Dvory - Nemocnice Kr¢ (SOD 18)
SOD 18, the line section between the open cut Nemocnice Kr¢
station and the single-vault mined station Nové Dvory consists of
twin single-track tunnels. The length of the section which enters
the hill above the Kré Hospital in the direction of Novy Dvory
under RuZinovskd, Hurbanova, Sladkovi¢ova and Stirova streets
is approximately 0.9km. The section will pass under many tall
apartment buildings. In addition to the running tunnels (single-
track), the section contains ventilation crosspassages between the
running tunnels and a sump. The crosspassages will enable the
reduction of the piston effect from the moving train as well as the
possible evacuation of people and intervention of rescue units when
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Tab. 2 Predpoklddand souvrstvi ordoviku na trase raZeb EPBS (poradi podle sméru razby)

Néazev souvrstvi
ordoviku

Charakteristika

Sarecké

Sérecké souvrstvi je nejstarsim zastizenym ordovickym souvrstvim. Jedna se o jilovité, prachovité a pis¢ité bidlice. Horniny jsou
vétsinou deskovité vrstevnaté a znacné rozpukané. V Sareckych bfidlicich je typicky roubikovy rozpad hornin. Zvétrani Sareckych bridlic
je pfevazné mechanické a horniny jsou €asto jiz pfi povrchu jen slabé navétralé.

Dobrotivské

V tomto souvrstvi jsou zastoupeny dvé facie: kiemence skalecké a jilovito-prachovité bfidlice dobrotivské. Skalecké kifemence tvori
obvykle Uzké pruhy hornin v nadloZzi Sareckych bridlic. Skalecké kifemence jsou lavicovité vrstevnaté a pfiéné rozpukané. Dobrotiv-
ské bridlice jsou jilovité az prachovité. Zdravé horniny maji poloskalni charakter a maji tendenci ke kusovitému, stfipkovitému nebo
roubikovitému rozpadu. Obecné patii k malo pevnym horninam prazského predkvartémiho podkladu. Pokud je tato hornina tektonicky
poru$ena, nabyva charakteru tektonického jilu.

Liberiské

Také v tomto souvrstvi se vyskytuji dvé litologické facie hornin: kfemence Fevnické a jilovité bfidlice liberiské. Libeniské bfidlice jsou
jilovité (misty az prachovité), mékké, petrograficky shodné s bridlicemi dobrotivskymi. Jejich mocnost je kolem cca 50-150 m. Jsou to
nejméné odolné horniny prazského podkladu.

Letenské

Charakteristické rychlym stfidanim drob, pis€itych a drobovych bridlic, piskovcl a kfemencl. Celkové ma souvrstvi flySovy charakter.
Prevazuiji droby z piscitych bfidlic a desek kiemennych piskovcd. Horniny vrstev letenskych maji typickou tlusté deskovitou odluénost,
velkou az stfedni hustotu diskontinuit s limonitovymi poviaky na plochach diskontinuit a jsou husté rozpukané. Souvrstvi patfi mezi
vcelku pevné a odolné proti denudaci.

Vinické

Jsou to mekké jilovité bridlice az jilovce. Svym petrografickym slozenim a technickymi vlastnostmi jsou obdobné jako liberiské bridlice.
Jsou tence vrstevnaté, stfipkovité rozpadavé, na vrstevnich plochach limonitizované. Velmi snadno a hluboko zvétravaji, pfi¢emz zéna
zvétrani dosahuje cca 6-8 m. Patfi k nejmék&im prazskym souvrstvim.

Zahoranské

Zahoranské souvrstvi je tvofeno prevazné prachovci a bridlicemi. Pfevazné prachovité sedimenty zahofanskych vrstev na bazi a v nej-
vySSi ¢asti souvrstvi plynule prechazeji do jilovitych podloznich i nadloznich vrstev.

Bohdalecké

Table 2 Predicted Ordov

Ordovician
formation name

V zékladnim vyvoji tohoto souvrstvi jsou to prevazné mékkeé jilovité bfidlice. Misty jsou horniny jen malo zpevnéné a plisobi spise
dojmem jiloved. Podzemni voda obvykle obsahuje mimoradné vysoka mnozstvi rozpusténych sirand. Celkové se jedné o pomérné
mékké souvrstvi podléhajici intenzivnimu a hlubokému zvétrani, bézné do hloubek cca 4-6 m. Ve zvétralém stavu se horniny rozpadaji
v drobné a nepravidelné stfipky a na jilovité hliny.

ician formations along the EPBS excavation route (in the order of excavation direction)

Characteristics

Sarecké

Sérecké formation is the oldest Ordovician formation recorded. The rocks are clayey, silty and sandy shale. The rocks are mostly plate-
-layered and highly fractured. Sarecké shales disintegrate typically in a gag-like manner. The weathering of Sarecké shales is mainly
mechanical and the rocks are often only weakly weathered at the surface.

Dobrotivské

Two facies are represented in this formation: Skalecké quartzite and clay-silt Dobrotivské shale. Skalecké quartzite usually forms narrow
bands of rocks in the overburden of Sarecké shales. Rock quartzite is plate-like layered and transversely fractured. Dobrotivské shale

is clayey to silty. Sound rocks have a semi-rocky character and tend to disintegrate in a block-like, fragment-like or gag-like manner.

In general, it belongs to the less strong rocks of the Prague Pre-Quaternary bedrock. If this rock is tectonically broken, it takes on the
character of mylonitic clay. 5

Liberiské Two lithological facies of rocks are also found in this formation: Revnické quartzite and Libenské clay shale.

Liberiské

Liberiské shales are clayey (in some places even silty), soft, petrographically similar to the Dobrotivské shales. Their thickness is around
50-150 m. They are the least resistant rocks of the Prague rock base.

Letenské

Characterized by rapid alternation of wacke, sandy and wacke shale, sandstone and quartzite. Overall, the formation has a flysch
character. Wacke from sandy shale and quartz sandstone slabs predominate. The rocks of the Letenské formation have a typical thick
plate-like separation, a high to medium density of discontinuities with limonite coatings on the surfaces of the discontinuities and are
densely fractured. The formation is quite strong and resistant to denudation.

Vinické

They are soft clayey shale to claystone. Their petrographic composition and technical properties are similar to Liber shales. They are
thinly layered, fragment-like disintegrated, limonitized on the layered surfaces. They weather very easily and deeply, with the weathering
zone reaching approx. 6-8m. They belong to the softest formations in Prague.

Zahoranské

Zahoranské formation consists mainly of siltstones and shale. Predominantly silty sediments of the Zahotany formation are found at the
base, and in the uppermost part of the formation smoothly transforms into clayey underlying and overlying layers.

Bohdalecké

In the basic development of this formation, it is mainly soft clay shale. In places, the rocks are only slightly consolidated and give the
impression of claystones. Groundwater usually contains extremely high amounts of dissolved sulfates. Overall, it is a relatively soft
formation subject to intense and deep weathering, usually to a depth of approx. 4-6m. In the weathered state, the rocks break down

into small and irregular fragments and into clay.

hornin. Charakteristickd pro proterozoické horniny je velmi koli-
sajici hodnota RQD, ktera cCasto podle provedenych vrti vykazuje
hodnotu 0.

Paleozoikum — ordovik (O)

V mezistani¢nim tseku SOD 20 od prostoru pred stanici Nové
Dvory smérem na sever bude predkvartérni podklad tvofen hor-
ninami paleozoika (ordoviku). Bude zastiZzeno souvrstvi Sarecké,
dobrotivské, libenské, letenské, vinické, zahoranské a bohdalecké
(tab. 2). Posledni ¢ast razby v oblasti NadraZi Kr¢ pak bude probi-
hat v kvartérnich pokryvech (zhruba 70 m).

Z kvartérnich pokryvi se v oblasti Nadrazi Kr¢ nachazeji flu-
vidlni a deluvialni sedimenty. Z fluividlnich sedimentl prevazuji

the train stops. Under normal operating conditions, the doors in the
crosspassages remain open.

3.4 Line section Nemocnice Kr¢ - Nadrazi Kr¢ (SOD 16)

SOD 16, the line section between the excavated stations of
Nadrazi Kr¢ and Nemocnice Kr¢, consists of twin single-track
tunnels with ventilation crosspassages and a sump. SOD has a total
length of approx. 0.8km and is characterized by a relatively low
overburden and family houses on the surface.

3.5 Geotechnical conditions
There are two important geological units along the excavations:
Proterozoic and Paleozoic-Ordovician. The interface between these
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Obr. 8 Pricny rez jednokolejnym tratovym tunelem raZenym EPBS; 1. ma-
ximdlni efektivni vyrub D, 2. teoreticky vyrub D,, 3. injektovany prostor
za osténim, 4. osténi tratového tunelu — prefabrikované Zelezobetonové dilce,
5. stavebni a geometrické tolerance, 6. prijezdni priez metra, 7. kabelové
konstrukce, 8. odstupovd rampa, 9. kolejovy svrsek, 10. beton pod kolejovym
svr$kem, 11. evakuacni ldavka

Fig. 8 Cross-section of a single-track running tunnel excavated by EPBS;
1. maximum effective excavation D, 2. theoretical excavation D,, 3. grouted
gap around the lining, 4. lining of the running tunnel — prefabricated reinfor-
ced concrete segments, 5. construction and geometric tolerances, 6. subway
structure gauge, 7. cable structures, 8. walkway ramp, 9. track superstructure,
10. concrete under the track superstructure, 11. evacuation footbridge

hlinité pisky a pisky s kolisajicim podilem Stérku. Deluvialni se-
dimenty jsou zde prevazné jilovitohlinité, hlinité a hlinitopiscité.
Kvartérni vrstvy dopliiuji antropogenni navazky.

3.6 PFicny fez

Tvorba pii¢ného fezu byla prizptisobena smyslu zadavaci doku-
mentace pro vybér zhotovitele. Zadavatel uvazoval jako nominalni
primér stroje (= teoreticky vyrub) hodnotu D = 6000 mm (obr. 8).
Hodnota nadvySeni nomindlniho primeéru je volbou zhotovitele.
Toto nadvyseni (nadiez) ma zohlednit kompenzaci opotiebovavani
feznych nastroji béhem razby, umoznit razby v obloucich, poskyt-
nout bezpecnou mezeru mezi Stitem a horninou zabrafiujici uviz-
nuti stroje atd. Projekt z hlediska prichodnosti uvazuje maximalni
efektivni pramér vyrubu 6100 mm (D,,.), ktery jiZz nadfez obsa-
huje. Nadfez bude nasledné (po sestaveni prstence segmentového
osténi) vyplnén injektaZni maltou za zadni obélkou Stitu.

Pro technologii razby EPBS je navrzeno prefabrikované segmen-
tové Zelezobetonové osténi ¢ 5,3/5,8 m. Pocet dilcti v prstenci neni
zadavatelem piedepsan a zhotovitel jej miZe zvolit. Tloustka osténi
je 250 mm. Stfedni délka prstencii je navrzena 1500 mm. Skladba
prstence muze byt modifikovana v zavislosti na dopravnich a mani-
pulacnich moznostech u konkrétniho raziciho stroje. Geometricky
je pro razbu uvaZovan univerzalni prstenec, jehoZ rizné natoceni
okolo vodorovné osy umoziuje realizaci smérovych a vyskovych
oblouk pfi razbé.

Vodotésnost segmentového osténi je zajiSténa jednak vodone-
propustnym betonem a jednak elastomerovou (EPDM) izolaci ve
sparach mezi segmenty. Vnitini plocha osténi muze vykazovat
jen mirny prunik vlhkosti maximaln€ na 10 % povrchu jednotli-
vych blokt (rozpoznatelné v disledku tmavého zabarveni povrchu

Tuel

two important units forms the so-called Zavistsky fault, which,
together with the expected sequence of rock formations, is shown in
Fig. 6. Along the structure of the Zavistsky fault, older Proterozoic
rocks are pushed onto younger rocks of Ordovician age. The
Zavistsky Fault is steeply dipping to the SE and the elevation of the
fault movement is estimated to be more than 1000m. It is assumed
that it is a wide fault zone filled with heavily fractured, crushed and
kneaded rocks of the nature of tectonic breccias, which are saturated
with groundwater.

Excavation will take place below the groundwater level in the
entire section. Moreover, in the case of Proterozoic rocks, it is
possible to expect an order of magnitude higher permeability than in
the case of Ordovician rocks.

Proterozoic (Pt)

The oldest rocks encountered along the line are part of the
Barrandien Proterozoic. Stratigraphically, they belongs to the Upper
Proterozoic, namely to the lithostratigraphic unit referred to as the
Sté&chovice group. These rocks are represented by petrographically
inhomogeneous very weakly metamorphosed fine-grained rocks
of marine origin — shales, siltstones and wackes. Locally, positions
of fine conglomerates with well-rounded boulders can also occur.
The rocks may contain intrusions of basic magmatic and vein
rocks accompanied by tuffs, tuffites and tuffitic shales. Overall, the
Proterozoic rocks clearly belong to the strongest rocks encountered
along the subway line. Their breakdown is typically irregularly
polyhedral, plate-like or gag-like. At the surface, the entire formation
is locally affected by intense fossil weathering which is very variable
with the depth, and where the rocks are broken down (degraded) to
clays with a variable admixture of sharp-edged fragments of original
rocks. Proterozoic rocks are characterized by a very variable RQD
value, which often shows a value of 0 in the explratory boreholes.
Paleozoic — Ordovician (0O)

In the intermediate station section of SOD 20 from the area in
front of Nové Dvory station towards the north, the pre-Quaternary
bedrock will consist of Paleozoic (Ordovician) rocks. Formations
of Sarecké, Dobrotivské, Libetiské, Letetiské, Vinické, Zahoranské
and Bohdalecké will be encountered (Table 2). The last part of
the excavation in the area of Nadrazi Kr¢ will then take place in
Quaternary overburden (roughly 70m).

Fluvial and deluvial sediments are found in Quaternary sediments
in the area of Nadrazi Kr¢. Fluvial sediments are dominated by
loamy sands and sands with a fluctuating proportion of gravel. The
deluvial sediments here are mainly clay-loamy, loamy and loam-
sandy. Quaternary layers include anthropogenic deposits.

3.6 Cross section

The design of the cross-section complied with the tender
documentation purpose of selecting the contractor. The client
considered the nominal diameter of the tunneling machine
(= theoretical excavation diameter) to be DN = 6000mm (Fig. 8). The
value above the nominal diameter is at the contractor’s discretion.
This increase of excavation diameter (overcut) is to take into account
the compensation of the cutting tools wear during excavation,
to allow excavations in curves, to provide a safe gap between the
shield and the rock preventing the machine from getting stuck, etc.
The project considers a maximum effective excavation diameter of
6100mm (DME), which already contains the overcut. The overcut
will subsequently (after the assembly of the ring of the segment
lining) be filled with grout mortar behind the tailskin of the shield.

Prefabricated segmental reinforced concrete lining ¢ 5.3/5.8m
is designed for the EPBS excavation technology. The number of
segments in the ring is not prescribed by the client and can be chosen
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Tab. 3 Navrhované tiidy razby pro $tit EPB

Tridy razby EPBS Charakteristika a popis tidy razby

Podpora Celby je realizovana pouze kontaktem mezi feznymi néstroji a masivem. Tézebni komora neni tlakovana. Komora je naplnéna
Trida 1 (upravenou) rubaninou pouze tak, aby bylo mozné odtéZovat rubaninu $nekovym dopravnikem. Mdd je nasazen v mistech se stabilni
— otevieny mdd ¢elbou a pripadny pfitok podzemni vody do téZebni komory nezpiisobuje zadné hydrogeologické problémy pro okoli nebo provozni

problémy pro razbu.

TéZebni komora je z€asti napinéna (upravenou) rubaninou. Vysku naplnéni voli zhotovitel tak, aby byla zajiSténa stabilita Celby a aby
Trida 2 bylo pfipadné mozné udrzet pretlak stla¢eného vzduchu v komore. Mdd je nasazen tam, kde je zvySen potencidl ke kolapsu Celby

— polo-uzavfeny méd

(napf. vlivem proudici vody), nebo kde hrozi nutny rychly pfechod do uzavfeného médu. Mdd je nasazen rovnéz tam, kde je nutné
omezeni pfitoku podzemni vody ze stabilitnich dlivodu ¢i zméné konzistence rubaniny (zalepovani, odtéZovani z pracovni komory atd.).
Nasazeni modu je mozné i pfi problémech s Fiditelnosti stroje.

Trida 3
— uzavieny méd

TéZebni komora je pIné naplnéna (upravenou) rubaninou a tlakovana. Méd je nasazen tam, kde jsou oCekavané silné pfitoky podzem-
ni vody spolu s nestabilni ¢elbou nebo v oblastech, kde je problematicka fiditelnost stroje (napf. smiSena Eelba). Mdd se nasazuje

i v mistech, kde existuji specidlni pozadavky na minimalni deformaci masivu a povrchu, zvySeni bezpeénosti razby a minimalizaci rizika
plynouciho z razby.

Table 3 Proposed tunneling classes for the EPB shield

EPBS
tunneling classes

Characteristics and description of the tunneling class

Class 1 - open mode

The support of the face is realized only by contact between the cutting tools and the rock. The working chamber is not pressurized.
The chamber is filled with (conditioned) muck to such a level that it is possible to transport the muck with a screw conveyor. The mode
is used in rock with a stable face, and the possible inflow of groundwater into the working chamber does not cause any hydrogeological
problems for the nearby structures or for the tunneling.

Class 2 — semi-closed
mode

The working chamber is partially filled with (conditioned) muck. The filling level is chosen by the contractor in such a way as to ensure
the stability of the face and to possibly maintain the overpressure of the compressed air in the chamber. The mode is used where there
is an increased potential of the face collapse (e.g. due to flowing water), or where there is a potential need for rapid transition to a clo-
sed mode. The mode is also used where it is necessary to limit the inflow of groundwater for reasons of stability or for maintaining the
muck consistency appropriate for transportation (to minimize stidkiness, to enable mucking from the working chamber, etc.). The mode

can be also used in case of the machine steering problems.

Class 3 - closed
mode

betonu). Po dotyku slabé vlhkych oblasti suchou rukou by na ruce
nemély byt vidét zadné stopy vody. PriloZeny savy novinovy papir
nesmi ménit barvu kvuli absorpci vlhkosti.

3.7 Navrh razeb

Proménlivé geotechnické podminky a zejména razba v tsecich
pod povrchovou zdstavbou vyzaduje pouziti takové technologie,
ktera zaru¢i minimalni deformace terénu a zaroven vysokou rych-
lost razby. Tyto podminky spliiuje razba provadénd plnoprofilovy-
mi tunelovacimi stroji, souhrnné oznacovanymi zkratkou TM (Tu-
nneling Machines). Konkrétné v pfipadé metra D jsou navrzeny
dva zeminové §tity (EPBS) umoziiujici razbu jak v reZimu s tplnou
podporou celby (v zeminich a mékkych horninich charakteru ze-
min), tak i v reZimu bez podpory Celby (v pevnych skalnich hor-
nindch). Projekt tedy uvaZuje, Ze stroj bude schopen razit ve tfech
moédech odpovidajicich tfem tfidam razby (tab. 3).

Pozadavkem projektu je presné fizeni podptrného tlaku na celbe,
tak aby dochézelo k odchylkam od pozadovaného tlaku maximalné
+30 kPa (podpora ¢elby upravenou rubaninou) a £10 kPa (podpora
Celby stlacenym vzduchem). Stabilita ¢elby musi byt zajiSténa jak
béhem faze razby, tak béhem faze sestavovani osténi i béhem pro-
stoji. Pozadované tlaky na celbé musi byt tedy soustavné kontrolo-
véany. O tfide€ razby navrzené v projektu do zna¢né miry rozhoduje
posouzeni stability ¢elby podle predpokladanych geotechnickych
podminek. Dal§im zasadnim kritériem je rovnéZ bezpecnost razby
s ohledem na nadzemni zastavbu.

3.8 Stabilita celby a ovlivhéni nadlozi

Ovéreni stability Celby a interakce mezi masivem a EPBS bylo
provadéno v nékolika krocich. Nejprve byl proveden vypocet sta-
bility ¢elby bez vlivu proudéni uvazujici plnou kompenzaci hydro-

statického a zeminového tlaku.

The working chamber is fully filled with (conditioned) muck and pressurized. The mode is used where strong inflows of groundwater
are expected together with an unstable face or in areas where the steering of the machine is problematic (e.g. mixed face). The mode
is also deployed in places where there are requirements for minimal deformation of the ground and surface, increasing the safety of
excavation and minimizing the risk arising from excavation.

by the contractor. The wall thickness is 250mm. The mean width
of the rings is designed to be 1500mm. The ring assembly can be
modified depending on the transport and handling possibilities of a
specific tunneling machine. A universal ring assembly is considered
whose rotation around the horizontal axis enables the realization of
horizontal and vertical curves during excavation.

The waterproofing of the segmental lining is ensured on the one
hand by waterproof concrete and on the other hand by elastomeric
(EPDM) gaskets in the joints between the segments. The inner
surface of the lining can only show a slight penetration of moisture
on a maximum of 10% of the surface of the individual blocks
(recognizable by the dark color of the concrete surface). No traces of
water should be visible on the hand after touching the slightly damp
areas with a dry hand. The attached absorbent newspaper must not
change color due to moisture absorption.

3.7 Excavations design

Variable geotechnical conditions and especially excavation in
sections below surface structures require the use of such technology
that guarantees minimal ground deformation and at the same time
allows high excavation speed. Excavation carried out by full-face
tunneling machines, collectively referred to as TM (Tunneling
Machines), meets these conditions. Specifically, in the case of
Metro D, two earth pressure shields (EPBS) are designed to allow
excavation both in the mode with the full face support (in soils and
soft rocks of soil-like character) and in the mode without the face
support (in solid bedrock). The project therefore considers that the
machine will be able to excavate in three modes corresponding to
three tunneling classes (Table 3).

The projects requirement is to precisely control the face support
pressure, so that deviations from the required pressure are no more
than +30kPa (face support by conditioned muck) and +10kPa (face
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support by compressed air). The
stability of the face must be ensured
both during the excavation phase
and during the lining assembly
phase as well as during standstill.
The required face pressures must
therefore be continuously monitored.
The tunneling class proposed in the
design is largely determined by the

assessment of the stability of the face
according to the anticipated geo-
technical conditions. Another fun-
damental criterion is also the safety of
excavation with regard to the above-
ground structures.

3.8 Face stability and impact

Obr. 9 Vypoctové schéma pro posouzeni stability celby
Fig. 9 Calculation scheme for assessing the stability of the face

Vypocet bez vlivu proudeni

Pro stanoveni podptrného tlaku na celbé existuji obecné dvé
meze. Jednd se o spodni a horni hranici a aplikovany podpirny tlak
se md nachdzet vZdy mezi témito hranicemi. Dolni mez odpovida
tlaku, ktery zajisti, aby nedoslo ke ztraté stability celby. Horni mez
pak odpovida maximalnimu moznému tlaku, aby nedoslo jeho vli-
vem k protrZeni nadloZi nebo k uniku podptrného média z pracov-
ni komory $titu. Hodnoty zminénych hrani¢nich mezi se nachazeji
v zavislosti na podminkach razby rizné daleko od sebe.

Spodni mez podpirného tlaku musi zajistit minimalné podpur-
nou silu celby (S). Celkova podpurna sila se pfi plné kompenzaci
stanovi jako reakce ze souctu puisobeni zemniho a hydrostatického
tlaku (pokud puisobi). Oba tyto tlaky, které ptisobi negativné na cel-
bu, maji byt ndsobeny odpovidajicimi bezpecnostnimi souciniteli.

S=n,-E+n,-W,

7, soucinitel bezpeCnosti pro zemni tlak ma byt vy$8i nebo ro-
ven 1,5;

7, soucinitel bezpeCnosti pro hydrostaticky (porovy) tlak,
obecné je uvazovana hodnota 1,05;

S vyslednd potfebnd podplrna sila na Celbé;

E potfebna podptrna sila z divodu zemniho tlaku;

W potiebnd podptrna sila z divodu hydrostatického (pérové-
ho) tlaku.

Tento bezpecnosti koncept pochdzi z dokumentu [9] a je do-
porucovan [4], avSak neodpovida [3]. V pfipadé€, Ze je zjiSténo,
Ze podptrna sila z hlediska zemniho tlaku neni tfeba, provede se
vypocet znovu, avSak se snizenymi smykovymi parametry zemin
¢i hornin. Vypocet pak odpovidd navrhovému pfistupu 2 (kombi-
nace A2+M2+(R1)) dle CSN EN 1997-1-1. Podle tohoto navrho-
vého pfistupu jsou redukovany smykové parametry koeficientem
1,25.

Zemni tlak plisobici na Celbu se stanovi analyticky. Podptirnou
silu vyrovnavajici hydrostaticky tlak 1ze jednoduse stanovit pfi uva-
Zovani odvodnénych podminek z vysky hladiny podzemni vody nad
tunelem. Praktické zkuSenosti ukazaly, Ze Horniv mechanismus
poruseni (obr. 9) predstavuje spolehlivy zpisob pro urceni potfeb-
ného podplrného tlaku na Celbé (E,,). Tato metoda je urCena pro
feSeni stability ¢elby v nesoudrznych zeminach nebo v prostiedi
s vrstvami soudrZnych a nesoudrZnych zemin i pro poloskalni

on overburden
The face stability and verification
of the interaction between the ground
and the EPBS was carried out in
several steps. First, the face stability calculation was performed
without the influence of flow, considering full support of the
hydrostatic and the earth pressure.

zdroj DAUB, 2016 source DAUB, 2016

Calculation without the influence of flow

There are generally two limits for determining the face support
pressure. These are the lower and upper limits, and the applied
support pressure should always be between these limits. The lower
limit corresponds to the pressure that will ensure that there is no
loss of the face stability. The upper limit then corresponds to the
maximum possible pressure, so that it does not cause the overburden
break-up or the support medium to escape from the working chamber
of the shield. The values of the mentioned limits vary depending on
the excavation conditions.

The lower limit of the support pressure is represented by the
minimum face support force (S). The support force is determined
as the reaction to the sum of earth and hydrostatic pressures (if
applicable). Both of these pressures, which have a destabilizing effect
on the face, should be multiplied by the corresponding safety factors.

S=n,-E+n, W,

7, safety factor for earth pressure should be greater than or
equal to 1.5;

1, safety factor for hydrostatic (pore) pressure, a value of 1.05
is generally considered,

S the resulting support force required on the face;

E  required support force to resist earth pressure;

W required support force to resist hydrostatic (pore) pressure.

This safety concept comes from document [9] and is recom-
mended by [4], but does not correspond to [3]. If it is found that
the support force in terms of earth pressure is not needed, the
calculation is performed again, but with reduced shear parameters
of soils or rocks. The calculation then corresponds to design
approach 2 (combination A2+M2+(R1)) according to CSN EN
1997-1-1. According to this design approach, shear parameters are
reduced by a factor of 1.25.

The earth pressure acting on the face is determined analytically.
The support force equal to the hydrostatic pressure can be easily
determined when considering drained conditions from the height
of the water table above the tunnel. Practical experience has shown
that Horn’s failure mechanism (Fig. 9) is a reliable method for

determining the required face support pressure (ERA). This method




horniny. Ve vypoctu se pouzivaji efektivni smykové parame-
try. Z tohoto divodu je tedy tato metoda vhodnd pro urceni
podpurného tlaku na celbé jen pro odvodnéné podminky. Me-
chanismus porusSeni je tvofen smykovym klinem v oblasti Celby
a sloupcem, ktery tento klin pfitéZuje. Podminka rovnovéhy sil
je sestavena na smykovém klinu. Destabilizujicimi jsou v tomto
pripadé vlastni tiha klinu a pfitéZujiciho sloupce. Mezi stabili-
zujici sily patii protitlak na Celbé a tfeni na bocich smykového
klinu.

Vypocet s vlivem proudového tlaku

V pripadé, Ze predchozi posouzeni prokédzalo stabilni Celbu pro
zemni/horninovy tlak se zohlednénim koeficientli bezpecnosti,
bylo mozné provéfit stabilitu Celby s nedplnou kompenzaci hyd-
rostatického tlaku. V nékterych ptipadech razeb EPBS (v reZimu
bez podpory, s ¢astecnou nebo tplnou podporou Celby) existuje po-
kus o sniZeni podptrného (proti)tlaku pod hydrostatickou urovern
tak, aby se sniZilo opotiebeni a zlepsil postup stroje. V disledku
pouze ¢astecné kompenzace miZze podzemni voda proudit k celbé
tunelu. Proto je tfeba uvazovat Gcinky proudového tlaku vody za
dodatecné sily destabilizujici ¢elbu tunelu [1] (obr. 10). Velikost
sily porusujici rovnovéhu v disledku proudéni podzemni vody je
primarné definovana rozdilem v piezometrickych vyskdch mezi
pracovni komorou a masivem. Témito dodateCnymi silami je pak
zatézovan Hornliv mechanismus poruseni z predchoziho odstavce.
Pokud je i pfi dodate¢ném zatiZeni horninového klinu proudovym
tlakem prokézana dostatecna stabilita Celby, je pfikroceno k posou-
zeni interakce mezi horninovym masivem a strojem, s cilem posou-
zeni nedplné kompenzace hydrostatického tlaku na sedani povrchu
a pozemni zastavby.

Posouzeni interakce mezi tunelovacim strojem a masivem
Vypocet deformaci byl proveden metodou kone¢nych prvka pro-
gramem MKP GEOS firmy FINE. Prostorova napjatost v masivu
byla vzdy feSena jako dvojdimenzionalni tloha s uvaZovanim sta-
vu rovinné deformace. Postup vychazi z predpokladu komunikace
tlakti okolo EPBS (obr. 11). Tlak P2 mezi obalkou $titu a masivem
je aktivné ovliviiovan tlakem na Celbé (P1) a injektaZznim tlakem
za rub osténi (P3). Horninové prostredi bylo uvaZovano jako ne-
homogenni, izotropni a pruzné-plastické s obélkou plasticity podle
Mohr-Coulomba. S tlakem podzemni vody je pocitdno podle hladi-
ny zastiZené pfi geologickém priizkumu a vzhledem k predpokla-
dané propustnosti masivu. Je zohlednén vliv proudéni podzemni

P2 tlak mezi obélkou $titu
a masivem

P2 pressure between the shield
envelope and the massif

P1 podpiirny P3 tlak injektaze
tlak P3 grouting pressure

P1 support
pressure

zdroj Maidl et al., 2012 source Maidl et al., 2012
Obr. 11 Tlakovy model pro interakci s okolim pri razbé EPBS
Fig. 11 Model of pressures interaction with ground during EPBS excavation
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zdroj Anagnostou & Kovari, 1996 source Anagnostou & Kovari, 1996
Obr. 10 Destabilizacni sily Fx a Fz vzniklé proudénim podzemni vody
Fig. 10 Destabilizing forces Fx and Fz caused by groundwater flow

is intended for solving the stability of the face in non-cohesive
soils or in soils with layers of cohesive and non-cohesive soils as
well as for weak rocks. Effective shear parameters are used in the
calculation. For this reason, this method is suitable for determining
the support pressure on the face only for drained conditions. The
failure mechanism consists of a shear wedge in the face area and a
ground column that loads this wedge. The force balance condition
is established on the shear wedge. In this case, the self-weight of
the wedge and of the ground column represent destabilizing forces.
Stabilizing forces include support pressure on the face and friction
on the sides of the shear wedge.

Calculation with the effect of flow pressure

In the event that the previous assessment demonstrated a stable
face for earth/rock pressure taking safety factors into account,
it was possible to check the stability of the face for the case of
insufficient support to resist hydrostatic pressure. In some cases of
EPBS excavation (in mode with partial or full face support), there
is an attempt to reduce the support pressure below the hydrostatic
pressure level in order to reduce wear and improve machine
progress. As a result of insufficient support pressure, groundwater
may flow towards the tunnel face. Therefore, the effects of water
flow pressure must be considered as additional forces destabilizing
the tunnel face [1] (Fig. 10). The magnitude of the destabilizing
force due to groundwater flow is primarily defined by the difference
in piezometric levels between the working chamber and the massif.
Horn’s failure mechanism from the previous paragraph is then
loaded with these additional forces. If, even in the case of additional
load of the flow pressure acting the rock wedge, a sufficient face
stability is confirmed, in the next step, the interaction between the
rock massif and the machine is assessed to evaluate the settlement
of the surface and surface structures.

Assessment of the interaction between the tunneling machine
and the massif

The calculation of the deformations was carried out by using
the finite element method executed with GEOS FEM program of
the FINE company. Ground stress in the massif was always solved
as a two-dimensional problem with consideration of the of plane
strain state. The calculation procedure is based on the assumption
of pressures communication around the EPBS (Fig. 11). The
pressure P2 between the envelope of the shield and the massif
is actively influenced by the pressure on the face (P1) and the
grouting pressure behind the lining (P3). The rock environment
was considered as inhomogeneous, isotropic and elastic-plastic
with Mohr-Coulomb failure criterion. The groundwater pressure
is calculated according to the groundwater level measured during
the geological investigation including assumed permeability of the
massif. The effect of groundwater flow on massif deformations
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vody na deformace masivu. Z diivodu proudéni v horninach nebyl
akceptovan Terzaghiho princip efektivnich napéti a proto byl zave-
den Biotlv koeficient. Jelikoz se zde jednd o vypocet deformaci,
tedy o mezni stav pouzitelnosti, nebyly aplikovany zZadné dil¢i bez-
pecnostni koeficienty.

Prvnim vystupem vypoctil jsou potfebné tlaky na celbé pro jeji
stabilizaci s pfipadnym zohlednénim proudéni podzemni vody tak,
aby byl na jedné strané vyloucen kolaps Celby, a na druhé strané tak,
aby nedoslo k tniku podptirného média z Celby kvuli pfili§ vysoké-
mu tlaku. DalSim vysledkem vypocti je citlivost deformaci masivu
na zvoleny podptrny tlak spolu s hodnocenim ztraty objemu.

Pokud bylo vypoctem prokazéno, Ze seddni povrchu nepiekro-
¢ilo stanovenou mez 10 mm se sklonem poklesové kotliny 1/800,
byla navrZena razba pouze s ¢dste¢nou kompenzaci hydrostatické-
ho tlaku a odpovidajici tfidé razby.

4. USEK I.DB TRATOVE TUNELY NADRAZI KRC -
OLBRACHTOVA

SOD 14, tratovy usek mezi raZenou stanici Olbrachtovou a hlou-
benou stanici Nadrazi Kr¢, resi kolejové propojeni pomoci dvojice
razenych jednokolejnych tunelti se vzduchotechnickymi propojka-
mi a hloubenym dvoukolejnym tunelem. Stavebni oddil ma celko-
vou délku 743 m (obr. 6).

Vystavba celého tseku bude probihat smérem od stanice Nadrazi
Kr¢, s vyuzitim stavenist umisténych v blizkosti kfizovatky ulic
Branicka, Na Strzi a V Podzamdi. Oteviena stavebni jdma v pro-
storu této kiizovatky bude slouzit pro vystavbu celého SOD 14,
tj. hloubeného tunelu, pro razbu jednokolejnych tunelli do stanice
Olbrachtova a razbu vzduchotechnickych propojek. Pouze ochran-
na opatfeni pred razbou jednokolejnych tunelt pod povrchovym
objektem Rezidence Rozhledna v podobé ochranného destniku
z ocelovych pilot (ddle oznacovana jako metoda pipe-roofing) se
budou provadét ze staveni$té umisténého pobliz stanice Olbrachto-

Tuel

is taken into account. Due to flow in rocks, Terzaghi’s principle
of effective stresses was not accepted and Biot's coefficient was
introduced. Since this is the calculation of deformations, i.e. the
limit state of serviceability, no partial safety factors were applied.

The output of the calculations is the required support pressures
on the face, possibly taking into account the groundwater flow, so
that on the one hand the collapse of the face is prevented, and on
the other hand the blow-out of the support medium from face due
to high pressure is prevented. Another result of the calculations is
the sensitivity of the ground deformations to the selected support
pressure together with the assessment of the volume loss.

If the calculation proved that the surface settlement did not exceed
the specified limit of 10mm with a slope 1/800 of the settlement
trough, the excavation was designed with only partial compansation
of the hydrostatic pressure in correspondence to the tunneling class.

4. 1.DB SECTION - RUNNING TUNNELS BETWEEN KRC
AND OLBRACHTOVA STATIONS

SOD 14, the line section between Olbrachtova mined station and
Nadrazi Kr¢ open cut station, includes the rail connection by twin
single-track tunnels with ventilation crosspassages and an cut &
cover double-track tunnel. The section has a total length of 743m
(Fig. 6).

Construction of the entire section will take place in the direction
from Néadrazi Kr¢ station, using construction sites located near the
intersection of Branicka, Na Strzi and V Podzamci streets. The open
pit in the area of this intersection will be used for the construction of
the entire section 14, i.e. the cut & cover tunnel, single-track tunnels to
Olbrachtova station and the excavation of ventilation crosspassages.
Only the support measure of protective umbrella made of steel pipes
(hereinafter referred to as the pipe-roofing method) under the surface
structure Rezidence Rozhledna prior to the excavation of single-
track tunnels will be carried out from the construction site located
near Olbrachtova station. The height of the overburden at the portal
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Obr. 12 Zpiisob zajisténi stability vyrubu pri razbé NRTM na rozhrani pokryvnych vitvari a skalniho podloZi
Fig. 12 NATM excavation support at the interface of Quaternary sediments and bedrock
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TECHNOLOGIE PIPE-ROOFING
PIPE ROOFING TECHNOLOGY
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Obr. 13 Razba tunelu NRTM pod ochranou obdlkou z ocelovych trubek
Fig. 13 NATM excavation under the protection of steel pipes

va. VySka nadloZi u portalu stavebni jdmy ¢ini cca 8 m a smérem
ke stanici Olbrachtova se pozvolna zvySuje az na 25 m pred stanici.

Tratové tunely se budou razit dovrchné NRTM, pfi horizon-
talnim c¢lenéni Celby a zajiSfovani vyrubu primarnim osténim ze
stifkaného betonu. RaZzba se ocekdvd v bohdaleckém souvrstvi
(tab. 2), ve velmi proménlivych geologickych a hydrogeologickych
pomérech, s riznym stupném zvétrani bridlic. V portdlovém tseku
budou klenbou tunelu zastiZeny deluvidlni sedimenty a terasové
sedimenty Vltavy.

Témto slozitym a z geotechnického hlediska naro¢nym pomé-
ram odpovida také Siroka Skala navrZenych technologickych tiid
vyrubu: 4, 5a, 5b, 5cl, 5¢2 a 5¢3 (obr. 12). Od portdlu zacne razba
pod ochranou mikropilotovych destnikll s postupnym zajistova-
nim vyrubu pomoci jehel a svorniki. Nasleduje usek se snizenym
horninovym nadloZim a vyskytem terasovych $térkd, kde je nut-
né pocitat se zpeviiovanim nadloZi pomoci tryskovych injektaZzi
a s razbou pod ochrannymi mikropilotovymi deStniky, pozdéji pfi
zlepSeni geotechnickych pomért se zajiSténim vyrubu pomoci je-
hel a svorniki.

Zhruba 100 m pred stanici Olbrachtova musi razba prekonat geo-
technickou prekdzku pod objektem Rezidence Rozhledna. Stavba
je zaloZend na pilotach, jejichzZ paty jsou ukonceny cca 1,5 m nad
vrchlikem tunelu (obr. 13). Pfed jednokolejnymi tunely je proto
nutné zajistit pilotové zaklady ochrannym deStnikem z vodorov-
nych pilot, budovanych nad klenbami budoucich tunelti metodou
pipe-roofing. Ochranna obalka bude provadéna mikrotunelovanim
ze zvétsené vzduchotechnické propojky. Ochranny destnik z oce-
lovych pilot (pipe-roofing) je nutné vést v pfimé, a proto i tune-
ly budou v tomto useku v pfimé, se zvétSenym pricnym profilem,
ktery umozni pozdéjsi realizaci kolejového svrsku a vedeni koleji
v oblouku.

Pipe-roofing je metoda, kdy jsou do prostoru mezi budouci jed-
nokolejné tunely a zdkladové konstrukce (piloty) dot¢eného objek-
tu protlaceny ocelové, navzajem propojené, roury. Zainjektovani
spoju zajisti vodotésnost a nebude dochazet k pritokim piimo

of the pit is approx. 8m and towards Olbrachtova station it gradually
increases up to 25m in front of the station.

The running tunnels will be excavated by NATM along rising
alignment with heading and bench method and with support of a
primary lining made of shotcrete. Excavation is expected in the
Bohdalecké Formation (Table 2), in highly variable geological
and hydrogeological conditions, with varying degrees of shale
weathering. In the portal section, diluvial sediments and Vltava
terrace sediments will be encountered by the tunnel arch.

These complex and geotechnically challenging conditions also
correspond to the wide range of proposed tunneling technology
classes: 4, 5a, 5b, 5cl, 5¢2 and 5¢3 (Fig. 12). Excavation will begin
from the portal under the protection of micropile umbrellas, with the
gradual implementation of excavation support by spiles and bolts.
This is followed by a section with a reduced rock overburden and the
occurrence of terrace gravels, where it is necessary to reinforce the
overburden using jet grouting and micropile umbrellas, later when
the geotechnical conditions are improved the excavation is supported
with spiles and bolts.

Roughly 100m before the Olbrachtova station, the excavation
must pass under the Rezidence Rozhledna building. The building
is founded on piles whose footings are terminated approx. 1.5m
above the tunnel canopy (Fig. 13). In advance of the single-track
tunnels excavation, it is therefore necessary to support the pile
foundations with a protective umbrella of horizontal pipes, built
above the arch of the future tunnels using the pipe-roofing method.
The protective envelope will be built by micro-tunneling from an
enlarged ventilation crosspassage. The protective umbrella made of
steel piles (pipe-roofing) must be built in a straight line, and therefore
the tunnels will also be straight in this section but with an enlarged
cross-section, which will enable the later realization of the curved
track superstructure.

Pipe-roofing is a method where interconnected steel pipes are
jacked into the space between the future single-track tunnels and the
foundation (piles) of the structure in question. Grouting the joints will
ensure water tightness and there will be no leakage directly from the
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z pristropi. Pro zajisténi razby dvou tratovych tunelti dojde k pro-
tlaceni 2x15 ks ocelovych rour, v levém tratovém tunelu v délce
47 m a v pravém 45 m. Predpoklada se nasazeni mikrotunelovaci
soupravy s udrzenim pretlaku na celbé. Pred rourami je zatlaco-
véan plné mechanizovany mikrostit s vlastnim drticim a navadécim
systémem a s hydraulickym odtéZovanim. Ve startovaci kaverné je
umistén vodici ram, op€rna sténa, tlacna stanice a systém Cerpadel
a rozvodl. Odtézovani je pomoci bentonitového vyplachu. Presny
druh a kvalita transportniho média se urci podle geologickych pod-
minek a pomért na stavbé. Stroj vytvari tlakovou rovnovahu mezi
vyplachem a okolnim horninovym prostfedim, v¢etné¢ podzemni
vody. V projektu neni pocitano s cilovou jamou, proto bude muset
byt stroj po kazdém doraZeni do cilové pozice opét zatazen zpét do
startovaci kaverny. Z toho divodu je konstrukénim pozadavkem
pro mikrotunelovaci soupravu moznost ponechani vnéjsiho ocelo-
vého plasté v masivu a jeji zataZeni zpét do kaverny. Tento postup
bude opakovan pro kazdou ocelovou rouru. Po protlaceni budou
ocelové roury vyplnény betonem C 16/20, ¢imZ vznikne roznase-
ci ocelobetonovy nosnik pod zaklady dot¢eného objektu. Samotna
razba tratovych tuneld bude posléze probihat na plny profil pfi za-
budovani ocelovych tuhych ramad v kazdém zabéru. Raimy budou
bezprostfedné aktivovany vici ocelovym pilotdm ocelovymi kliny
a doplnény vrstvou vyztuzné sité¢ a stifkanym betonem. Stabilita
Celby bude zajisténa pomoci Celbovych kotev.

5. ZAVER

Na useku I.D1a v soucasné dobé probihaji intenzivni stavebni
prace. Pro usek 1.D1b byla projektovda dokumentace ve stupni pro
vybér zhotoviteli odevzdana investorovi. V roce 2022 probéhla
soutéz pro vybér zhotovitele. V soucasné dobé investor provadi vy-
hodnoceni podanych nabidek.
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roof. To protect the excavation of twin running tunnels, 2x15 pieces
of steel pipes will be jacked, in the length of 47m in the left running
tunnel and in the length of 45m in the right tunnel. It is assumed that
a microtunneling technology with the maintenance of overpressure
at the face will be used. A fully mechanized microtunneling machine
with its own crushing and guiding system and hydraulic mucking is
jacked ahead of the pipes. The launching cavern contains the guide
frame, reaction wall, jacking station and pumps and pipe distribution
system. Mucking is done using a bentonite slurry. The exact type
and quality of the transport medium will be determined according to
the geological conditions and site conditions. The machine creates
a pressure balance between the slurry and the surrounding rock,
including groundwater. The project does not include a receiving pit,
so the machine will have to be pulled back into the launching cavern
every time it reaches the target position. For that reason, the design
requirement for the microtunneling technology is the possibility of
leaving the outer steel skin in the massif and before pulling back
the machine into the cavern. This procedure will be repeated for
each steel pipe. After jacking, the steel pipes will be filled with
concrete C 16/20, which will create a steel-concrete beam under
the foundations of the building. Full face excavation of the running
tunnels will take place later, with the installation of steel rigid frames
in each excavation round. The frames will be immediately activated
against the steel piles with steel wedges and completed with a layer
of reinforcing mesh and shotcrete. The stability of the face will be
ensured with the help of face anchors.

5. CONCLUSION

Intensive construction works are currently underway in [.Dla
Section. The project documentation of I.D1b Section was handed
over to the investor as tender documentation. The tender was
conducted in 2022. Currently, the investor is evaluating the offers
submitted by contractors.
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PROJEKT BEZBARIEROVEHO ZPRISTUPNENI STANICE METRA
JIRIHO Z PODEBRAD )
PROJECT OF BARRIER-FREE ACCESS TO JIRIHO Z PODEBRAD
METRO STATION

JAN KOREJCIK, ZDENEK ZIZKA, MICHAL KOLEVSKI

ABSTRAKT

Stanice metra Jirtho z Podébrad v Praze bude v blizké dobé dalsi stanici s dodatecné vybudovanym bezbariérovym pristupem. Ten bude
realizovdn v ramci celkové rekonstrukce stanice uvedené do provozu jiz v roce 1980 jako soucdst vuseku trasy IL.A. Novy pristup do stanice
bude zajistén soustavou hloubenych Sachet a raZenych chodeb, které propoji povrch se stdvajicim ndstupistém. Prdce na téchto objektech
byly zahdjeny 1. 9. 2021. Od 14. 1. 2023 je stanice priblizné na 10 mésicii uzaviena pro samotnou rekonstrukci vcetné praci na ndstupisti,
ve vestibulech a vymenu eskaldtori. Vliaky metra po tuto dobu stanici jen projiZdéji. Ndsledné bude provoz pro cestujici obnoven, pricem?
zprovoznéni nového bezbariérového zpFistupnéni se ocekdvd v pribéhu roku 2024. Cldnek se zaméiuje na ndvrh nového bezbariérového
pristupu do stanice z hlediska projektanta.

ABSTRACT

The Jiriho z Podébrad metro station in Prague will soon become another station with a subsequently built barrier-free access. The access
will be built as part of the overall reconstruction of the station, which was put into operation in 1980 as part of I.A alignment section.
The new access to the station will be provided by a system of excavated shafts and tunnel corridors that will connect the surface with
the existing platform. The access construction works began on 1/9/2021. From 1/14/2023 the station is being closed for approximately
10 months for the reconstruction, including the works on the platform, in the vestibules and replacement of escalators. Metro trains pass
through the station without stop during this time. Subsequently, the service for passengers will be restored, while the new barrier-free
access is expected to be put into operation in the course of 2024. The article focuses on the design of the new barrier-free access to the

station from the point of view of the designer.

uvob

Stanice Jifiho z Podébrad je situovéna, jak jiZ jeji ndzev napovi-
da, pod parkové upravenou plochou stejnojmenného namésti mést-
ské casti Praha 3. Lezi v hloubce cca 45 m pod terénem, v tésné
blizkosti kostela NejsvétéjSiho Srdce Pan€, narodni kulturni pamét-
ky, kterd byla v roce 2014 navrZena na zapis do seznamu Svéto-
vého dédictvi UNESCO. Samotna stanice je trojlodni, raZena se
segmentovym osténim prevazné ze Zelezobetonu. S podpovrcho-
vym vestibulem umisténym v prostoru kfizovatky ulic Vinohrad-
ska a Slavikova je nastupisté propojeno eskaldtorovym tunelem.
V soucasné dobé ma stanice jediny vystup na povrch, ten vSak neni
bezbariérovy.

Nové bezbariérové zpristupnéni je navrzeno pomoci dvou dvojic
vytahl s paralelnimi tinikovymi schodi$ti a mezilehlou podzemni
prestupni chodbou. Toto opatfeni propoji iroven nastupisté stanice
s urovni terénu. Vytahy vystupuji do minimalistického povrcho-
vého kiosku umisténého mezi ulici Vinohradska a kostel, unikové
schodisté je zakonceno zdvihacim poklopem. Zvolené netradi¢ni
feSeni vystupniho objektu bylo vyvolano pozadavky jiného projek-
tu — celkové revitalizace namésti Jifiho z Podébrad. Tento projekt
vyznamné ovlivnil navrh bezbariérového zpristupnéni jiz ve fazi
uzemniho fizeni.

Cela tvarove slozita stavba se skladé z oteviené pazené stavebni
jamy pro podpovrchovou ¢ast kiosku, ze které pokracuje dold raze-
na kruhova $achta S1 a navazujici systém raZenych tunelt v trovni
pfestupni chodby (UPCH). Z mista kfiZeni prestupnich chodeb je
déle hloubena dvojice obdélnikovych Sachet $2.1 a §2.2. Zavéred-
né propojeni se stfedni lodi stanice zajiStuje raZzeny tunel v Grovni
nastupisté (UN) (obr. 1 a 2).

INTRODUCTION

Jifiho z Podébrad station is situated, as its name suggests, under
the park area of the square of the same name in Prague 3 district. It
is in a depth of approx. 45m below the ground, in close proximity
to the Church of the Sacred Heart, a national cultural monument
which was in 2014 proposed for inclusion to the UNESCO World
Heritage List. The station is a three-arch structure with segmental
lining mainly made of reinforced concrete. The platform is
connected with an escalator tunnel to the underground vestibule
located at the intersection of Vinohradskd and Slavikova streets.
Currently, the station has only one exit to the surface which it is
not barrier-free.

The new barrier-free access is designed to use two pairs of
elevators with parallel escape staircase and an underground
transfer corridor. Those structures will connect the platform level
of the station with the ground level. The elevators go up to a small
building located between Vinohradska street and the church,
the escape staircase ends on the surface with a hatch door. The
non-traditional solution of chosen for the access structures was
prompted by the requirements of another project — the overall
revitalization of Jifiho z Podébrad square. This project significantly
influenced the proposal for barrier-free accessibility already at the
stage of land zoning management.

The whole structure, which has a complex shape, consists of
an open cut retained construction pit for the sub-surface part of
the elevator building, from which the excavated circular shaft S1
continues down to the adjoining system of excavated tunnels at the
level of the transfer corridor (UPCH). A pair of rectangular shafts
§2.1 and S2.2 is further excavated at the crossing with the transfer
corridors. The final connection to the central area of the station



32. rocnik - €. 2/2023

.\ B[ prestupni chodba UPCH ke
| = transfer corridor UPCH
=) - R, :

Sachta 52.2
shaft $2.2

=y
J

shaft S1

ulice Vinohradsks
Vinohradska street

Obr. 1 Situace
Fig. 1 Layout

Zadavatelem stavby bezbariérového zpfistupnéni je Dopravni
podnik hlavniho mésta Prahy, technicky dozor pro investora za-
jistuje sdruzeni spolecnosti IDS a.s. a INFRAM a.s. Zhotovitelem
stavebnich praci je sdruZeni STRABAG a.s. — AZD Praha s.r.0. Au-
torem projektové dokumentace je METROPROJEKT Praha a.s.,
geotechnicky monitoring a pasportizaci dot¢enych objektt provadi
spolec¢nost INSET s.r.o.

Razby jsou provadény pomoci Nové rakouské tunelovaci meto-
dy (NRTM). V okamziku, kdy tento

is ensured by a tunnel driven at the
platform level (UN) (Figs. 1 and 2).

The owner of the barrier-free
accessibility construction is the Pra-
gue Public Transit Company, the
technical supervision for the investor
is provided by the joint venture of
companies IDS a.s. and INFRAM a.s.
The contractor is the joint venture of
STRABAG a.ss. — AZD Praha s.r.o.
The designer is METROPROJEKT
Praha a.s., the geotechnical moni-
toring and buildings survey is carried
out by INSET s.r.o.

Excavations are carried out
using the New Austrian Tunneling
Method (NATM). At the time this
article is published, waterproofing
and secondary lining works are
performed.

1 Ulice MileSovska
Milegovska street

GEOLOGICAL AND
HYDROGEOLOGICAL
CONDITIONS

The geological and hydrogeological conditions of the underground
structures were verified by a geotechnical investigation for the
preparation of design documentation for a building permit (DSP),
as part of which a 40m deep NV1 core borehole was realized with
pressiometric tests. Furthermore, soil, rock and water samples
were taken for laboratory tests and analyses. All available archival
documents were also used. The tender documentation was prepared
on the basis of the mentioned documents.

¢lanek vychazi, jsou v plném proudu
prace na hydroizolacich a sekundar-
nim osténi.

kostel
church
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stavebni jama
construction pit E =

ulice Vinohradska
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GEOLOGICKE
A HYDROGEOLOGICKE POMERY

Geologické a hydrogeologické po-
méry stavby byly ovéfeny geotech-
nickym prizkumem pro zpracovéni

projektové dokumentace pro staveb-

ni povoleni (DSP), v ramci které-
ho byl realizovéan jadrovy vrt NV1
hloubky 40 m s provedenim presio-
metrickych zkouSek. Dale byly ode-

51,3m

pfestupni chodba UPCH
transfer corridor UPCH

brany vzorky zemin, hornin a vod
k laboratornim zkouskam a rozbo-
rim. Byly rovnéz vyuzity veskeré
dostupné archivni materidly. Na
zakladé uvedenych podkladi byla
zpracovana i zadavaci dokumentace.

R -
o

Sachta S
shaft S1

gachty 82.1, 82.2
shafts 52.1, §2.2
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Skalni podloZi tvofi horniny seve-
rovychodni ¢asti ordovické barran-

subway station Jifiho z Podébrad
=

=

dienské synklindly. VSeobecné lze
geologické poméry ordovického
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mi charakterizovat jako sloZité,
coz je dano tektonickymi poméry,

Obr. 2 Podélny Fez
Fig. 2 Longitudinal section




proménlivou puklinovou zvodni, provrasnénim hornin a ddle moz-
nym naruSenim horninového masivu pfi vystavbé metra trasy I A.
ZastiZzeno je souvrstvi letenské v monoténnim vyvoji. Prevladaji
zde piscitoprachovité bridlice s pis¢itymi zavalky, misty s vrstvami
pevnych kifemennych piskovcll a kiemencil. Stupeti zvétrani skal-
niho masivu se s narlstajici hloubkou sniZuje od zcela zvétralé,
pres silné azZ mirné zvétralou a navétralou k zdravé nezvétralé bii-
dlici. Prizkumem byla indikovdna moznost tektonickych poruch
s vyplni jilu se stfipky bridlic mocnosti od 0,5 azZ do 3 m, max. 7 m.
Pokryvné ttvary jsou reprezentovany antropogennimi a deluvidl-
nimi sedimenty.

Hydrogeologické poméry jsou zavislé predevs§im na propustnosti
horninového prostiedi, morfologii terénu, geologickych pomérech
a velikosti zdroje podzemni vody. V zdjmovém tzemi byly pred-
pokladany dva typy zvodni. Podzemni voda vdzana na deluvialni
sedimenty s prulinovou propustnosti a zvoden ve skalnim prostie-
di s puklinovou propustnosti. V prizkumu vSak bylo potvrzeno
zvodnéni pouze ve skalnim podloZi a nasledny hydrogeologicky
monitoring zaznamenal velké zaklesnuti hladiny podzemni vody
vlivem dlouhodobého drendzniho vlivu stanice metra. Pfitoky byly
odhadovany malé i s ohledem na drendzni funkci stavajici stanice
a samotné trasy metra.

PASPORTIZACE A GEOTECHNICKY MONITORING

Pred zahdjenim prislusnych stavebnich praci byla provedena pa-
sportizace dotenych povrchovych i podzemnich objektll v z6né
mozného statického a dynamického deformacniho ovlivnéni stav-
bou, vcetné komunikaci a inZzenyrskych siti. Soucasti pasportizace
byla dokumentace a posouzeni aktudlniho stavebné-technického
stavu objektl, posouzeni a stanoveni dynamické odolnosti objekti
a jejich pripustného dynamického zatiZeni, a dile stanoveni pii-
pustnych hodnot deformacniho ovlivnéni objekt vystavbou raze-
ného dila (formou znaleckého posudku). Vysledky pasportizace
véetné stanovenych deformacnich statickych a dynamickych li-
miti byly zapracovany do realizacniho projektu stavby, projektu
trhacich praci i realiza¢niho projektu geomonitoringu. Soucasti
pasportizace je i pfipadna aktualizace pasportu béhem vystavby
a kone¢na repasportizace objekti po dokonceni stavby.

Pro minimalizaci negativniho ptsobeni indukovanych ucinkt
stavby na povrch, okolni zdstavbu, podzemni objekty a inZenyrské
sit€ probiha béhem vystavby geotechnicky monitoring (GTM), mé-
feni, sledovani a vyhodnocovani méfeni dotenych objektll. V ram-
ci GTM byla navrzena fada méfeni a sledovani. Jedna se o geolo-
gickou dokumentaci raZeb i hloubenych ¢asti, méfeni deformaci
novych razenych objekti i stavajicich stani¢nich tuneld metra, mé-
feni deformaci horninového masivu — extenzometr a inklinometr,
méfeni zatiZzeni ocelovych rozpér, hydrogeologickd méfeni, kont-
rola G¢inkl trhacich praci a méfeni hluku, méfeni deformaci sta-
vebni jamy a povrchu terénu, méreni deformaci a naklonu objektt
nadzemni zéstavby, sledovani rozvoje poruch objekti, méfeni trh-
lin a jejich zmén. GTM je zaméren predevsim na sledovéni kostela
Nejsvétéjsiho Srdce Pané a existujicich stani¢nich tunelti metra.

Pribéh praci GTM, jejich komplexnost, spravnou interpretaci
vysledkti méfeni a sledovani kontroluje na pravidelnych schiizkach
rada geotechnického monitoringu (RAMO), ktera je sloZena ze za-
stupct investora, zhotovitele, projektanta a zhotovitele GTM. Pro-
jektem byly stanoveny varovné stavy a opatfeni pii nestandardnim
vyvoji vysledkd méfeni. Pfi priznivém vyvoji méfeni byl optimali-
zovan projekt zajisténi raZenych ¢asti zapisy do stavebniho deniku.
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The bedrock consists of the rocks of the northeastern part of
the Ordovician Barrandien syncline. In general, the geological
conditions of the Ordovician bedrock in the construction area can
be characterized as complex, which is due to tectonic conditions,
variable aquifer in rock fractures, rock folds and further possible
disruption of the rock massif during the construction of the II A
metro line. Letenské Formation is encountered in a monotonous
development. Sandy-silty shale with sandy inclusions, and in places
layers of solid quartz sandstone and quartzite are predominate
here. The degree of weathering of the rock massif decreases with
increasing depth from completely weathered, through strongly to
slightly weathered and weathered to healthy unweathered shale.
The investigation indicated the possibility of tectonic faults
with clay filling of thickness from 0.5 to 3m, max. 7m, which
includes shale fragments. The cover formations are represented by
anthropogenic and deluvial sediments.

Hydrogeological conditions depend primarily on the permeability
of the rock environment, terrain morphology, geological conditions
and the size of the groundwater source. Two types of aquifers were
predicted in the area of interest. Groundwater bound to deluvial
sediments with permeability through ground pores and an aquifer
in a rock environment with permeability through rock fractures.
In the investigation, however, aquifer was confirmed only in the
bedrock, and the subsequent hydrogeological monitoring recorded
a large ground water table lowering due to the long-term drainage
effect of the metro station. The inflows were estimated to be small
even with regard to the drainage effect of the existing station and
the subway tunnels.

BUILDINGS SURVEY AND GEOTECHNICAL MONITORING

Prior to the start of the construction works, the surface and
underground structures in the potential static and dynamic
deformation zone induced by the construction, including roads
and utility networks, were surveyed. The survey included the
documentation and assessment of the current structural-technical
condition of the structures, the assessment and determination of the
dynamic resistance of the structures and their permissible dynamic
load, as well as the determination of the permissible values of
structures deformation resulting from the excavations (in the form of
an expert opinion). The results of survey, including the determined
static and dynamic deformation limits, were incorporated into the
detailed design, the blasting works design, and the detailed design
of geomonitoring. Part of the survey includes the possible update of
the survey during construction and the final survey of the structures
after the construction is completed.

In order to minimize the negative impact induced by the
construction on the surface, surrounding buildings, underground
structures and utility networks, geotechnical monitoring (GTM),
measurements, monitoring and evaluation of the measurements of
the affected structures take place during the construction. A number
of measurements and monitoring have been proposed under GTM.
This includes geological documentation of excavations and open
cuts, measurement of deformations of new excavated structures
and existing subway station tunnels, measurement of rock massif
deformations — extensometer and inclinometer, load measurement
of steel struts, hydrogeological measurements, control of blasting
effects and noise measurement, measurement of construction
pit deformations and of the terrain surface, measurement of
deformations and tilting of structures of above-ground structures,
monitoring the development of structures damages, measurement
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TECHNICKE RESENI

Stavebni jama a zafizeni stavenisté

Zarizeni stavenisté pro stavbu je umisténo v parkové plose jizni
Casti namésti, bliZze k ulici Vinohradskd s vjezdem z ulice Mile-
Sovska. Projektovana plocha zaboru 1760 m?* byla pro samotnou
realizaci omezena na 1680 m? z divodu zachovani dalsi zelené.
Stavenisté obklopuje stavebni jamu a je na ném umisténo veskeré
zdzemi pro realizaci stavby. S ohledem na zachovani Cistoty pri-
lehlych komunikaci byly veSkeré plochy vybetonovany. Smérem
k fadé domu v ulici Vinohradska byla navic vzty¢ena montovani
Zelezobetonova protihlukova zed.

Stavebni jama slouZi k hloubeni Sachty S1, razb& navazujicich
podzemnich konstrukci a zaroven k vystavbé definitivni konstrukce
hloubené casti vystupniho objektu. Jama je dvoustupiiové s prvni
urovni o rozmérech 15,6 x 18,9 m v hloubce cca 4,4 m pod terénem.
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Obr. 3 Hloubeni Sachty $1 ze dna stavebni jamy
Fig. 3 Excavation of shaft S1 from the bottom of the construction pit

Tuel

of cracks and their changes. GTM is primarily focused on moni-
toring the Church of the Sacred Heart and the existing metro station
tunnels.

The progress of GTM works, their complexity, the correct
interpretation of measurement and monitoring results are checked
at regular meetings by the geotechnical monitoring board (RAMO),
which is composed of representatives of the investor, contractor,
designer and contractor of GTM. The project established warning
levels and mitigation measures in case of non-standard development
of measurement results. In case of favorable development of the
measurements, the support of excavations was optimized by entries
in the construction site diary.

TECHNICAL SOLUTION

Construction pit and construction site layout

The construction site is located in the park area of the southern part
of the square, closer to Vinohradskd Street with the entrance from
Milesovska Street. The designed site area of 1760m? was limited to
1680m? for the construction in order to preserve additional green
areas. The construction site surrounds the construction pit and
includes all the construction facilities. With regard to maintaining
the adjacent roads clean, all site surfaces were concreted. In the
direction of the houses along Vinohradska Street, a prefabricated
reinforced concrete noise-proof wall was erected.

The construction pit is used for excavating shaft S1, for the
excavation of subsequent underground structures, and at the same
time for the construction of the final structure of the underground
part of the elevator building. The pit has two levels with the first
level measuring 15.6x18.9m at a depth of approx. 4.4m below
ground. The second level of the pit has the shape of a square with a
side length of 12.9m and its bottom lies at a depth of approx. 9.5m
below the ground.

The pit is supported by soldier piles with steel waling in three
elevations which are anchored by temporary cable anchors. In
addition, at the level of the pit bottom, the walls are braced by
a reinforced concrete slab. Soldier piles IPE 330 were designed
with a spacing of 1.7-1.9m and a maximum length of 11.5m, and
were fitted in 620mm diameter boreholes. The soldier pile toe was
concreted. The walings are continuous, formed by a pair of U 300
profiles. The cable anchors consists of 3—4 strands, maximum
length 14m.

Excavated structures

Shaft S1 is excavated from the bottom of the construction pit
to the level just below the transfer corridor (Figs. 3 and 4). It has
circular shape with a diameter of 12.6m and a depth of 21.7m.
Two technological classes (TT) NATM 4, 5a were proposed for
excavation. The primary lining is made of shotcrete SB C20/25,
350mm thick, reinforced in each round with a steel lattice girder
and two layers of reinforcing steel mesh 8/150x150mm. Support is
supplemented by steel self-drilling bolts 4 and 6m long and cement
grouted. According to the technological classes, the length of the
round is 1.5m, or 1.0m. A 6m long protective spiling umbrella was
implemented ahead of the face to secure the roof of the tunnel
break-out into the UPCH transfer corridor.

The UPCH transfer corridor serves to connect with both
elevator shafts S1, §2.2 and parallel escape staircases. Due to
space requirements, directional guidance and the need to make
side break-outs, it is made of five different profiles A, B, C, D
and E. All profiles have a horseshoe shape with an invert arch, but
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Obr. 4 Pohled na dno Sachty $1 pri razbé prestupni chodby UPCH

Fig. 4 View of the bottom of shaft S1 during the excavation of the UPCH transfer corridor

Druhd troven jdmy ma tvar ¢tverce se stranou délky 12,9 m a jeji
dno lezi v hloubce cca 9,5 m pod terénem.

Jama je zajiSténa zaporovym pazenim se tfemi fadami ocelovych
prevazek, které jsou kotveny doCasnymi pramencovymi kotvami.
V drovni dna jamy je navic provedeno rozepieni paZeni pomoci
Zelezobetonového prahu. Byly navrzeny zapory IPE 330 s rozteci
1,7-1,9 m a maximalni délkou 11,5 m, osazené do vrti priméru
620 mm. Pata zapor byla zabetonovana. Prevazky jsou pribézné,
tvorené dvojici profild U 300. Kotvy jsou 3—4 pramencové, maxi-
malni délky 14 m.

RaZené objekty

Sachta S1 je hloubena ze dna stavebni jamy do trovné tésné
pod pfestupni chodbou (obr. 3 a 4). Je kruhova s primérem 12,6 m
a hloubkou 21,7 m. Pro jeji razbu byly navrZeny dvé technologické
tfidy (TT) NRTM 4, 5a. Primarni osténi je ze stifkaného betonu SB
C20/25 tloustky 350 mm, vyztuZené v kazdém zabéru ocelovym
pfihradovym rdmem a dvéma polohami vyztuznych ocelovych siti
8/150x150 mm. Zajisténi je doplnéno ocelovymi samozavrtny-
mi svorniky délky 4 a 6 m s cementovou injektazi. Délka zabég-
ru je podle technologickych tiid 1,5 m, resp. 1,0 m. Pro zajisténi

Obr. 5 KriZeni raZenych profilii v UPCH
Fig. 5 Crossing of excavated profiles in UPCH
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different dimensions. The width of
the theoretical excavation reaches
7.5-9.7m, the height 7.0-8.8m. The
transfer corridor is led from shaft
S1 in the smallest profile A with an
oblique bend perpendicular to the
axis of the station, and at the end of
this section the corridor increases
to the size of profile B to make a
perpendicular turnout into profile
C. This profile, running parallel to
the station, subsequently passes into
profile D, which is equipped with
a double primary lining to allow
two short perpendicular break-outs
of profile E, located opposite each
other. This creates a crossing of
corridors (Fig. 5), which provides
sufficient space for excavating a pair
of shafts $2.1 and $2.2 into the rock
massif between the subway station tunnels. The total length of all
profiles of transfer corridor in UPCH reaches 72.5m.

All profiles of the transfer corridor were excavated using NATM
with heading and bench method. For the smallest profile A, TT
NRTM 3, 4, 5a were proposed, for the other profiles, due to the
size of the excavation, break-outs and the proximity to the church,
TT NRTM 4, 5a were proposed. The length of the round according
to the technological classes is top heading 1.5m, 1.3m and 1.0m,
in the bottom the round length is always double. The primary
lining is made of shotcrete SB C20/25 with a thickness of 300mm,
reinforced in each round with a steel lattice girder and two layers
of reinforcing steel mesh 8/150x150mm or 10/150x150mm and
additional rebar reinforcement. According to individual TTs, the
support is completed with steel self-drilling bolts 3 and 4m long
with cement grout. The roof and the ground ahead of the face
is reinforced by means of steel self-drilling spiles of 4m length
installed in every second round. For all break-outs, the previous
profile was always completely closed and a protective spile
umbrella 4 or 6m long was realized in advance. For profile E closest
to the church, the face steel self-drilling bolts were additionally
designed. The face bolts were also designed for all front walls in a
1.5%1.5m grid.

A pair of rectangular shafts S2.1
and $2.2 connects the UPCH and UN
levels. The larger staircase shaft S$2.1
has dimensions of 10.2x5.5m and a
total depth of 21.6m. The smaller
elevator shaft $2.2 with dimensions
of 5.7x4.3m is only 12.5m deep, as
its lower part forms an intersection
with the arch of the UN transfer
corridor.

Due to the position between the
existing station twin tunnels, only
the TT 5a class with a round of 1.0m
was designed for both shafts. The
lining is again made of shotcrete
SB C20/25 with a thickness of
300mm, this time reinforced in each
round with a frame made of rolled
HEB 200 profiles and two layers
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pristropi rozrazky prestupni chodby UPCH byl v pfedstihu realizo-
van ochranny jehlovy destnik délky 6 m.

Prestupni chodba UPCH slouzi k propojeni obou vytahovych
Sachet S1, §2.2 i paralelnich tnikovych schodist. Z divodu pro-
storovych narokt, smérového vedeni a nutnosti provadéni bo¢nich
rozrazek je tvorena péti riznymi profily A, B, C, D a E. VSechny
profily maji podkovovity tvar se spodni klenbou, avSak jiné roz-
méry. Sitka teoretického vyrubu dosahuje 7,5-9,7 m, vyska 7,0-
8,8 m. Smérové je prestupni chodba vedena od Sachty S1 v nej-
mensSim profilu A se Sikmym zalomenim kolmo na osu stanice a na
konci tohoto useku se chodba navySuje na profil B pro provedeni
kolmé rozrazky do profilu C. Tento profil vedeny rovnobéZné se
stanici nasledné prechazi do profilu D, ktery je opatfen dvojitym
primarnim osténim pro umoznéni dvou kratkych kolmych rozra-
zek profilu E, umisténych naproti sobé. Tim vznika kiiZeni chodeb
(obr. 5), které poskytuje dostatecny prostor pro hloubeni dvojice
Sachet §2.1 a §2.2 do horninového masivu mezi bo¢nimi stani¢ni-
mi tunely metra. Celkova délka vSech profilii prestupnich chodeb
v UPCH dosahuje 72,5 m.

Vsechny profily prestupni chodby byly razeny pomoci NRTM
s horizontalnim ¢lenénim vyrubu. Pro nejmensi profil A byly navr-
Zeny TT NRTM 3, 4, 5a, pro ostatni profily, vzhledem k velikosti
vyrubu, rozrazkdm a priblizovani se kostelu v nadlozi, pouze TT
NRTM 4, 5a. Délka zabéru podle technologickych trid je v kaloté
1,5m, 1,3 ma 1,0 m, ve dné vZdy dvojnasobek. Primarni osténi je
ze stiikaného betonu SB C20/25 tloustky 300 mm, vyztuzZené v kaz-
dém zabéru ocelovym piihradovym rdmem a dvéma polohami vy-
ztuznych ocelovych siti 8/150x150 mm, ptipadné 10/150x150 mm
a pridavnou prutovou vyztuzi. Podle jednotlivych TT je zajisténi
doplnéno ocelovymi samozavrtnymi svorniky délky 3 a 4 m s ce-
mentovou injektazi. Pristropi a predpoli Celby je zajiSténo pomoci
ocelovych samozavrtnych jehel délky 4 m osazovanych v kazdém
druhém zabéru. Pro vSechny rozrazky byl vZdy kompletné uzavien
predchozi profil a v piedstihu realizovan ochranny jehlovy destnik
délky 4 nebo 6 m. Pro profil E nejbliZe kostelu byly navic navrZzeny
&elbové ocelové samozavrtné svorniky. Celbové svorniky byly na-
vrzeny také pro vSechny celni stény v rastru 1,5x1,5 m.

Dvojice navazujicich obdélnikovych Sachet $2.1 a §2.2 spojuje
trovein UPCH a UN. VEtii schodisfova Sachta S$2.1 ma rozméry
10,2x5,5 m a celkovou hloubku 21,6 m. Mensi vytahova Sachta
S$2.2 s rozméry 5,7x4,3 m je hlubok4 pouze 12,5 m, protoZe jeji
spodni ¢ast tvori pranik s klenbou prestupni chodby v UN.

Vzhledem k poloze mezi stdvajicimi bo¢nimi stani¢nimi tune-
ly byla pro obé Sachty navrZena pouze jedna TT S5a se zabérem
1,0 m. Osténi je opét ze stiikaného betonu SB C20/25 tloustky
300 mm, vyztuZené tentokrit v kazdém zabéru rdmem z vélcova-
nych profild HEB 200 a dvéma polohami vyztuznych ocelovych
siti 8/150x150 mm. Vétsi Sachta S2.1 byla navic uprostied roze-
pfena v kazdém zdbéru rozpérou HEB 200 a ¢tyfmi trubnimi vzpé-
rami v rozich Sachty (obr. 6). V misté budouci rozraZky prestupni
chodby UN byly rozpéry nahrazeny kotvenim protéjsi stény. Pro
budouci rozraZku byl opét navrtan ochranny jehlovy destnik dopl-
nény masivnim do¢asnym ocelovym ramem z védlcovanych profili
HEB 300 rozepienym do proté&jsi st€ny Sachty. Tento ram je nej-
prve smontovan v rozsahu nutném pro razbu kaloty chodby UN
a nasledné je rozsifen smérem dold pro razbu celého profilu.

Béhem hloubeni obou Sachet byla rovnéz provadéna predbézna
opatfeni pro stabilizaci rozvolnéného masivu kolem stavajicich sta-
ni¢nich tunelti. V predstihu byly provadény cementové nizkotlaké
vypliiové injektaZe z Sachty S2.1 pfes samozavrtné jehly. Nisledng
se naskytla moZnost injektovani tohoto prostoru z boc¢nich tunelil

of reinforcing steel meshes 8/150x150mm. In addition, the larger
shaft S2.1 was braced in the middle in each round with HEB 200
strut and four pipe struts in the corners of the shaft (Fig. 6). At
the place of the future break-out in the UN transfer corridor, the
struts were replaced by the anchoring of the opposite wall. For
future excavation, a protective spile umbrella was again drilled,
supplemented by a massive temporary steel frame made of rolled
HEB 300 profiles, braced aginst the opposite wall of the shaft. This
frame is first assembled to the extent necessary for the excavation
of the top heading of the UN corridor and its legs are then extended
for the excavation of the entire profile.

During the excavation of both shafts, preliminary measures were
also taken to stabilize the loose massif around the existing station
tunnels. In advance, cement low-pressure filling injections were
carried out from shaft S2.1 via self-drilling spiles. Subsequently,
it became possible to inject this space from the side tunnels of the

Obr. 6 Hloubend Sachta S2.1
Fig. 6 Excavated shaft $2.1




stanice skrz segmentové osténi. Tento zpasob se ukdzal jako efek-
tivnéjsi.

Posledni razenou &asti spojujici Sachtu $2.1 s ¢elem stfedni lodé
nastupisté stanice je prestupni chodba v UN vedend rovnobézné
mezi bo¢nimi stani¢nimi tunely. V prevdzné délce 6,9 m je raZzena
v ovalném profilu G kvili snaze o zachovani co nejvétsiho celi-
ku horninového masivu mezi novym razenym dilem a stavajicimi
tunely. Nésleduje prechod na kruhovy profil H odpovidajici stfed-
nimu stani¢nimu tunelu pro bezpecné napojeni konstrukci a hyd-
roizolaci v délce 2,7 m.

Opét je navrzena razba pomoci NRTM v jedné TT 5a s horizon-
talnim ¢lenénim vyrubu, tentokrat bez pouziti trhacich praci vzhle-
dem k té€sné blizkosti stani¢nich tunell. Zajisténi je obdobné jako
u prestupni chodby v UPCH. AvSak vzhledem k umisténi profilu
mezi stani¢ni tunely a pfisnym limitim pro jejich maximéalni dovo-
lené deformace je navrzeno tuzsi osténi s tloustkou 400 mm, dvé-
ma vrstvami vyztuznych ocelovych siti 8/150x150 mm a pfiloz-
kami. Dale je doplnéna docasna protiklenba kaloty, kterd bude pfi
dobirdni dna nahrazena do¢asnymi ocelovymi rozpérami ve stejné
drovni. Kotveni a jehlovani je samozfejmé mozné pouze v prostoru
mezi stavajicimi tunely.

Postup razeb v misté priiniku Sachet $2.1, $2.2 a profilu G je na-
sledujici: nejprve je vyhloubena Sachta $2.1 do trovné kaloty pro-
filu G, pak cel4 Sachta $2.2 a po provedeni opatieni pro rozrazku je
v celé délce vyraZena kalota profild G a H véetné vybourani celni
zdi stanice. Nasleduje dohloubeni zbylé &4sti Sachty S2.1, rozsiteni
ramu HEB 300 a razba spodni klenby profild G a H vcéetné vybou-
rani zbytku Celni zdi.

Hydroizolace a definitivni osténi

Pro vSechny konstrukce je zvolen uzavieny systém mezilehlé
hydroizolace. Hydroizola¢ni souvrstvi je tvoieno folii z mékcené-
ho PVC tloustky 3 mm osazenou na ochrannou geotextilii. V roz-
sahu dna je folie seshora chranéna geotextilii a vrstvou betonu. Do
rové pasy s pojistnym systémem z injektaZnich hadicek, svedenych
do krabic na lici definitivniho osténi. Nova hydroizolace je kolem
prostupu do stanice vodotésné fixovana pfimo na Zelezobetonové
segmenty osténi stanice.

Definitivni osténi prestupnich chodeb i vSech Sachet je z monoli-
tického Zelezobetonu C30/37 XA2, XC2, provadéné do posuvného
bednéni. Bednéni musi byt variabilni, kviili mnoZstvi riznych pro-
§2.1, 82.2 a profilu G. Rozmisténi pracovnich spar bylo v realiza¢-
nim projektu upraveno podle uvaZovaného bednéni a pracovniho
postupu zhotovitele. Silné€ vyztuZena sténa v profilu A v UPCH pro
rucni tlakovy uzavér, ktery musi byt pri betonaZi podepien pomoc-
nymi ocelovymi profily, tvofi samostatny blok.

Vyztuzeni celé prestupni chodby v UN, vSech Sachet a také spod-
ni klenby a stén v prestupni chodbé UPCH je navrZeno z vazané
prutové ocelové vyztuze. Naproti tomu klenby a boky prestupni
chodby UPCH jsou vyztuzeny pomoci ocelovych siti a pfilozkami
z prutové armatury, které jsou fixovany na Ctyfprutové prihradové
ramy.

UPRAVY PROJEKTU BEHEM REALIZACE
Pro upresnéni inZenyrskogeologickych pomérti u objektu kostela
a mezi tubusy metra bylo projektem monitoringu v ramci vrtnych
praci pro osazeni extenzometru a inklinometru navrZzeno provedeni
dvou jadrovych vrti s jejich geologickou dokumentaci. Na rozdil
od pavodniho prizkumného vrtu NV1 oba nové vrty zaznamenaly
subvertikalni poruchy v okoli §achet $2.1 a §2.2 — zény tektonického
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station through the segmental lining. This method proved to be
more effective.

The last excavated part connecting shaft $2.1 with the front wall
of the station platform middle area is the transfer corridor in the
UN running parallel between the station tunnels. In the overall
length of 6.9m, it is excavated in an oval G profile due to the effort
to preserve as much of the rock massif as possible between the
new excavated part and the existing tunnels. This is followed by a
transition to a circular H profile corresponding to the central station
tunnel for safe connection of the structures and waterproofing in a
length of 2.7m.

Excavation using NATM heading and bench method in one TT
Sa class is again proposed, this time without the use of blasting
due to the close proximity of the station tunnels. The support is
similar to that of the transfer corridor in UPCH. However, due to
the location of the profile between the station tunnels and the strict
limits for their maximum permissible deformations, a stiffer lining
with a thickness of 400mm, two layers of reinforcing steel mesh
8/150x150mm and additional rebars is proposed. Furthermore, a
temporary lining in invert of the top heading is added, which will
be replaced by temporary steel struts at the same level when the
temporary invert lining is removed. Anchoring and spiling is of
course only possible in the space between the existing tunnels.

The excavation procedure at the intersection of shafts $2.1, §2.2
with profile G is as follows: first, shaft S2.1 is excavated to the
level of the top heading of profile G, then the entire shaft $2.2,
and then after taking measures for break-out, the top heading of
profiles G and H is excavated for its entire length, including the
demolition of the front wall of the station. This is followed by the
deepening of the remaining part of shaft S2.1, the extension of the
HEB 300 frame and the excavation of the invert of profiles G and
H, including the demolition of the rest of the front wall.

Waterproofing and final lining

A closed undrained system is designed for 360 degree water-
proofing protection of all structures. The waterproofing layer
consists of a 3mm thick PVC sheet membrane placed against
protecting layer of geotextile. In the bottom of excavation, the
membrane is also protected from above by a geotextile and a
by layer of concrete. In all construction and expansion joints,
external waterbars with a safety system of injection tubes that are
collected in the niches on the inner face of the final lining. A new
waterproofing is fixed directly to the reinforced concrete segments
of the station lining around break-out into the station.

The final lining of the transfer corridors and all shafts is made of
monolithic reinforced concrete C30/37 XA2, XC2, cast into sliding
formwork. The formwork must be adjustable, due to the number
of different profiles and crossings. The most complicated place is
again the area where shafts $2.1, $2.2 and profile G intersect. The
layout of the construction joints was adjusted in the detailed design
according to the considered formwork and the contractor’s work
procedure. The heavily reinforced wall in profile A in the UPCH
for a manual pressure door closure, which must be supported by
auxiliary steel profiles during concrete casting, forms a separate
block.

The reinforcement of the entire transfer corridor in UN, all shafts
as well as the invert arch and wall in the UPCH transfer corridor
is designed from rebar steel reinforcement. On the other hand, the
arches and walls of the UPCH transfer corridor are reinforced with
steel meshes and additional rebars, which are fixed to four-bar
lattice girders.
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poruseni. Pro oblast mezi tunely stanice indikovaly tyto vrty roz-
volnénou zénu horninového masivu s niZsi hodnotou RQD.

V ndvaznosti na tato zjisténi byly v realizacni dokumentaci upra-
veny geotechnické parametry pro navrh prestupni chodby UPCH,
obou spodnich Sachet $2.1 a §2.2 a propojovaci chodby v UN do
stanice. Vypocet taktéZ zohlednil pomé&rné prisné deformacni limi-
ty kostela a stani¢nich tuneltl stanovené v ramci jejich pasportizace
soudnim znalcem. Pfedev$im pro minimalizaci sedéani kostela bylo
v realizacnim projektu zesileno primérni osténi v UPCH. Je tfeba
zdlraznit, Ze nejkomplikovanéjsi misto raZeb, vynucené polohou
stanice metra Jifiho z Podébrad, se nachazi v malé piidorysné vzda-
lenosti pod 42 m vysokou véZi kostela.

Na zakladé€ novych informaci z inklinometrického a extenzomet-
rického vrtu byla provedena aktualizace statickych vypoctd dvojice
Sachet a propojovaci chodby v oblasti mezi stavajicimi tunely me-
tra. Vznikla tak nutnost novych masivnich dopliiujicich opatieni.
Tato opatieni se ve vypoctu ukdzala jako nutna nejen pro zajiSténi
stability novych razeb, ale rovnéz pro zajisténi bezpecného pro-
vozu stavajicich tunelil metra. Méla by vSak pfi realizaci vyrazny
dopad nejen na cenové navySeni, ale pfedev§im na zasadni pro-
dlouZeni doby stavebnich praci.

S ohledem na zavaZnost situace byly navrzeny dva dopliikové
prizkumné horizontalni jadrové vrty délky 16 m z cCela stavajici
stiedni lod¢ stanice s provedenim presiometrickych zkousek a s od-
bérem vzorkl hornin pro laboratorni zkouSky pro upfesnéni jejich
geotechnickych parametrii. Pokud by se zhorSené geotechnické
parametry potvrdily, bylo by tifeba trvat na dopliujicich opatte-
nich, specifikovat navySeni ceny a upravit harmonogram vystavby.
Pokud by ale doslo k zastizeni lepSich geotechnickych paramet-
10, bylo by mozné dopliiujici opatfeni zjednodusit nebo realizovat
pouze Castecné.

Na zédkladé vysledki terénnich i laboratornich zkousek a geolo-
gické dokumentace uvedené dvojice dodatecnych vrtd bylo pro-
vedeno inZenyrskogeologické zhodnoceni a upfesnéni geotech-
nickych parametrt horninového masivu. Hodnoty upiesnénych
parametrti leZi mezi hodnotami stanovenymi ptvodnim prizku-
mem a hodnotami odhadnutymi na zdklad¢ vrti pro inklinometr
a extenzometr, a to blize k t€mto minimalnim hodnotam. Po static-
kém prepoctu s upfesnénymi geotechnickymi parametry byl reali-
zacni projekt doplnén o opateni, kterd jiz nebyla tak masivni a ¢a-
sové narocnd. Jednalo se o preplatovani ocelovych rami HEB 200

s 1 R
Obr. 7 Rozpéry v priiniku Sachty $2.2 a profilu G
Fig. 7 Struts at the intersection of shaft $2.2 and profile G

MODIFICATIONS OF THE PROJECT DURING
CONSTRUCTION

In order to verify the engineering-geological conditions near the
church building and between the subway tubes, the monitoring
project as part of the drilling works for the installation of the
extensometer and inclinometer proposed the execution of two core
boreholes including their geological documentation. Unlike the
original exploratory borehole NV1, both new boreholes recorded
subvertical faults in the vicinity of shafts $2.1 and $2.2 — tectonic
fault zones. For the area between the tunnels of the station, these
boreholes indicated a loosened rock mass zone with a lower RQD
value.

Following these findings, the geotechnical parameters for the
design of the UPCH transfer corridor, both lower shafts §2.1 and
$2.2 and the connecting corridor in UN to the station were modified
in the detailed design documentation. The calculation also took into
account the relatively strict deformation limits of the church and
station tunnels identified by a forensic expert as part of the survey.
Above all, to minimize the settlement of the church, the primary
lining in the UPCH was strengthened in the detailed design. It
should be emphasized that the most complicated excavation site
was is in a short distance from the 42m high church tower as given
by the location of the Jifiho z Podébrad metro station,

Based on new information from the inclinometric and exten-
sometric borehole, the static calculations of the pair of shafts and
the connecting corridor in the area between the existing subway
tunnels were updated. This created the need for new massive
supplementary measures. These measures were shown by the cal-
culation to be necessary not only to ensure the stability of the new
excavations, but also to ensure the safe operation of the existing
metro tunnels. However, during construction, it would have a
significant impact not only on cost increase, but above all on a
fundamental extension of the construction work period.

In view of the seriousness of the situation, two additional
exploratory horizontal core boreholes of 16m length were
proposed from the front of the existing middle area of the station
with the performance of pressiometric tests and the collection of
rock samples for laboratory tests to specify their geotechnical
parameters. If the deteriorated geotechnical parameters were
confirmed, it would be necessary to insist on additional measures,
cost increase and modification of the
construction schedule. However, if
better geotechnical parameters were
found, additional measures could
be simplified or implemented only
partially.

Based on the results of field and
laboratory tests and the geological
documentation of the mentioned
pair of additional boreholes, an
engineering-geological
and specification of the geotechnical
parameters of the
was carried out. The values of the
specified parameters lie between
the values determined by the ori-
ginal investigation and the values
estimated from the inclinometer and
extensometer boreholes, closer to
these minimum values. After a static

evaluation

rock massif




Sachty §2.1 kolem budouciho otvoru pro rozrazku piestupni chodby
v UN, doplnéni docasnych Sikmych ocelovych rozpér u dna Sachty
§2.2 (obr. 7) a zesileni vyztuzeni piestupni chodby v UN. Reali-
zacni projekt rovnéz reagoval na vyrazn¢ veétsi tloustku Celni zdi
stiedni lodé stanice zjisténou pfi provadéni horizontalnich vrta.

STATICKE VYPOCTY
JelikoZ razby probihaly pomoci NRTM, bylo tfeba staticky po-

soudit jak vné&jsi (primarni) osténi, tak vnitini (sekundérni) osténi.

Navrh a posouzeni primérniho osténi vychazely z nutné mini-
malizace deformaci béhem razby v blizkosti kostela Nejsveétéjsi-
ho Srdce Pané v nadloZi a z diivodu situovani novych konstrukci
v urovni UN mezi stani¢ni tunely provozované trasy A metra.

Povolené vertikédlni deformace kostela byly znalcem sice stano-
veny na 15 mm spolu s maximalnim sklonem 1:500, avSak tento li-
mit predstavoval celkové sedani zptisobené nékolika dil¢imi vyruby.
Cely objekt bezbariérového zpiistupnéni je mozné charakterizovat
jako prostorové komplikovany se znaCnym mnoZstvim profild vy-
rubu s ohledem na kratkou délku razeb. Komplikovanost statického
feSeni byla dile umocnéna moZnym spolupiisobenim jednotlivych
dil¢ich rozrazek. Z celkového pohledu se tedy nejednalo o klasické
liniové dilo, nybrZ o nékolikairoviiovou trojrozmérnou podzemni
konstrukci. To bylo nutné pfi statickém navrhu zohlednit. Existovalo
nebezpeci, Ze povolené deformace kostela budou vycerpany jednim
dil¢im vyrubem a dalsi vyrub nebude mozné jiz provést bez rozséh-
lych stavebné-technickych opatfeni na konstrukci kostela.

Z geotechnického pohledu existovaly pred provedenim razeb
nejasnosti ohledné pevnostnich a pretvarnych parametrtt hornin
a ohledné existence poruchovych zén. Z toho diivodu byly vypocty
vybranych ¢asti projektu provadény az se tfemi sadami geotechnic-
kych parametrt, které byly separatné vyhodnocovany s ohledem na
mozné deformace masivu a zatiZeni priméarniho osténi.

Vypocet vnitinich sil v primarnim osténi byl proveden metodou
konec¢nych prvki (MKP) programem GEOS firmy Fine spol. s r.o.
Prostorova napjatost v masivu byla vzdy feSena jako dvojdimen-
ziondlni uloha s uvazovanim stavu rovinné deformace. Pro prevod
trojrozmérného stavu napjatosti do dvojrozmérného modelu byla
pouZita beta-metoda. Beta-metoda byla aplikovana jak pro Stoly,
tak i pro pticné fezy Sachet. Horninové prostfedi bylo uvazovino
jako nehomogenni, izotropni a pruzné-plastické s obalkou plasticity
podle Mohr-Coulomba. Pro vypocetni model byl zvolen navrhovy
pristup 2 (kombinace A1+M1+R2) dle CSN EN 1997-1-1. Podle
tohoto ndvrhového pristupu nedochazi k redukci geotechnickych
parametrt v modelu MKP, nybrz jsou nasledné zvétSovany vypo-
¢tené vnitini sily. Unosnost primarniho osténi pak byla posouzena
pro 3denni a 28denni stifkany beton.

Pro navrh sekunddrniho osténi jiz byly k dispozici presnéjsi
geotechnické informace zjiSténé pfi samotnych razbach. Proménli-
vost geotechnickych parametrd tak mohla byt pro navrh omezena.
Vypocet vnitinich sil v sekundarnim osténi pak byl provadén jed-
nak pomoci 2D modelu v programu MKP GEOS a jednak pomoci
programu Scia Engineer (spolecnosti SCIA CZ, s.r.0.). Parametry
horninového masivu byly v programu Scia simulovdany pomoci
Winklerovych konstant tuhosti podloZi. Kalibrace tuhosti byla pro-
vedena podle modelu MKP. Z modelu MKP bylo urceno i zatiZeni
horninovym tlakem do modelu Scia, které bylo ziskdno jako napéti
na kontaktu sekundarniho osténi po degradaci primarniho osténi.
V deskosténovém tfidimenzionalnim modelu v programu Scia pak
mohla byt podrobné studovidna vzdjemnd interakce jednotlivych
¢asti Zelezobetonych konstrukci a mohla tak byt realistiCtéji navr-
Zena potiebna vyztuz. PouZiti tfidimenziondlniho modelu bylo pro
navrh a posouzeni Zelezobetonovych prufezli nezbytné, jelikoz se
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verification with updated geotechnical parameters, the detailed
design was supplemented with measures that were no longer so
massive and time-consuming. This involved reinforcing the HEB
200 steel frames of the shaft S2.1 around the future opening of
the break-out of the transfer corridor in the UN, the addition of
temporary inclined steel struts at the bottom of the shaft $2.2
(Fig. 7) and the strengthening of the reinforcement of the transfer
corridor in the UN. The detailed design project also responded
to the significantly greater thickness of the frontal wall of the
middle station area encountered during the execution of horizontal
boreholes.

STATIC CALCULATIONS

As the project was excavated using NATM, both the outer
(primary) lining and the inner (secondary) lining had to be statically
verified.

The design and assessment of the primary lining was based on
the necessary minimization of deformations during the excavation
near the Church of the Sacred Heart in the overburden, and due
to the location of the new structures at the UN, also at the level
between the station tunnels operated by the A metro line.

The permitted vertical deformations of the church were
determined by the expert to be 15mm together with a maximum
slope of 1:500, but this limit represented the total settlement caused
by several partial excavation openings. The entire structure of
barrier-free access can be characterized as spatially complicated
with a considerable number of excavation profiles with regard to the
short length of excavations. The complexity of the static solution
was further enhanced by the possible interaction of individual
break-outs. From the overall point of view, it was not a classic linear
structure, but a multi-level three-dimensional underground structure.
This had to be taken into account during the static design. There was
a danger that the permitted deformations of the church would be
exhausted by one partial excavation, and further excavation would
no longer be possible without extensive construction-technical
measures realized in the structure of the church.

From a geotechnical point of view, there were uncertainties
regarding the strength and deformation parameters of the rocks and
the existence of fault zones before the excavations were carried out.
For that reason, the calculations of selected parts of the project were
carried out with up to three sets of geotechnical parameters, which
were evaluated separately with regard to possible deformations of
the massif and the load on the primary lining.

The calculation of internal forces in the primary lining was
carried out using the finite element method (FEM) with the
GEOS program, a product of Fine spol. s.r.o. Stress state in the
massif was always solved as a two-dimensional problem in a state
of plane deformation. The beta-method was used to convert the
three-dimensional stress state into a two-dimensional model. The
beta-method was applied both for tunnels and for cross-sections of
shafts. The rock environment was considered as inhomogeneous,
isotropic and elastic-plastic with Mohr-Coulomb failure criterion.
Design Approach 2 (combination A1+M1+R2) according to CSN
EN 1997-1-1 was chosen for the calculation model. According
to this design approach, the geotechnical parameters in the FEM
model are not factored, but safety factors are applied to calculated
internal forces. The primary lining strength was then assessed for
3-day and 28-day shotcrete.

For the design of the secondary lining, more accurate geotechnical
information obtained during the excavations was available. The
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Sachta S1 shaft S1

UPCH: bo¢ni rozrazka z prestupni chodby

/ / UPCH: break-out from the transfer corridor

UN: $achta 2.2 s vytahy
UN: shaft $2.2 with elevators

UN: $tola pro napojeni
Sachet na existujici
stanicni tunel metra

UN: tunnel for connecting
the shafts to the existing

metro station tunnel

UPCH: bo¢ni rozrazky

v pldorysném tvaru kiize

pod kostelem Nejsvétéjsiho
Srdce Pané

UPCH: the plan view of
break-outs forming a cross
under the Church of the Sacred
Heart

variability of the geotechnical parameters could
thus be limited for the design. The calculation
of internal forces in the secondary lining was
then carried out using a 2D model of the MKP
GEOS program and using the Scia Engineer
program (SCIA CZ, s.r.o.). The parameters
of the rock mass were simulated in the Scia
program using the Winkler spring constants
of subsoil stiffness. Stiffness calibration was
performed by the FEM model. From the
FEM model, the rock pressure load was also
determined and used in the Scia model, which
was obtained as the stress at the contact of

UN: $achta 52.1 . .
the secondary lining after the degradation

se schodistém
UN: shaft 52.1

of the primary lining. In the Scia three-
with a staircase

dimensional model using plate elements, the
mutual interaction of the individual parts of the
reinforced concrete structures could be studied
indetail, and the necessary reinforcement could

Obr. 8 3D modely pro staticky vypocet sekunddrniho osténi
Fig. 8 3D models for the static calculation of the secondary lining

v pfipadé projektu bezbariérového zpristupnéni jednalo spise o troj-
rozmérnou vicedroviiovou podzemni konstrukei, nez o klasické li-
niové dilo, jak jiz bylo uvedeno vyse (obr. 8).

ZAVER

Projekt dodate¢ného razeného bezbariérového pfistupu do stani-
ce metra Jifiho z Podébrad opét potvrdil vysokou narocnost staveb
tohoto typu. Zde celou situaci jest€ komplikovala poloha nejslo-
Zit€jSiho mista razeb v té€sné blizkosti véZe kostela Nejsvétéjsiho
Srdce Pané, ktery je narodni kulturni pamatkou. DalSim kritickym
mistem byla razba velkych profild pfimo mezi provozovanymi
tunely metra, kde byla navic prizkumem indikovana rozvolnéna
z6na horninového masivu.

Na zakladé téchto vstupnich udaji a prisnych deformacnich li-
mith jak pro kostel, tak pro tunely metra, bylo navrZzeno pomérné
tuhé primarni osténi doplnéné jesteé dalsimi vyztuznymi prvky. Tato
zajiSténi komplikovala postup vystavby zhotovitele [1], av§ak byla
nezbytna pro bezpecny navrh razeb v danych podminkéch.

V pribéhu vystavby byly nakonec zastizeny lepsi geotechnické
poméry, nez se ¢ekalo. To bylo na jednu stranu pozitivni z hlediska
ovlivnéni kostela a objektli metra. Na stranu druhou lepsi geologic-
ké podminky spolu se seismickymi limity znamenaly niZSi Gcin-
nost trhacich praci a zpomaleni rychlosti raZeb. Z pohledu bezpec-
nosti provadéni tunelovych staveb je to vSak jisté ta lepsi varianta.
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thus be designed more realistically. The use of a
three-dimensional model was necessary for the
design and assessment of reinforced concrete
cross-sections, since in the barrier-free access
structure was a three-dimensional multi-level underground structure,
rather than a linear structure, as already mentioned above (Fig. 8).

CONCLUSION

The project of supplementary construction of barrier-free access
to the Jifiho z Podébrad metro station once again confirmed the
high demands of constructions of this type. Here, the whole
situation was further complicated by the location of the most
complex excavations in close proximity to the tower of the Church
of the Sacred Heart, which is a national cultural monument.
Another critical point was the excavation of large profiles directly
between the operating subway tunnels, where the investigation also
indicated a loosened zone of the rock massif.

On the basis of these input data and strict deformation limits for
both the church and the subway tunnels, a relatively rigid primary
wall was designed supplemented with additional reinforcing
elements. These safeguards complicated the contractor’s construc-
tion process [1], but were necessary for a safe excavation design in
the given conditions.

Better geotechnical conditions than expected were eventually
encountered during construction. On the one hand, this was positive
for protection of the church and the metro facilities. On the other
hand, better geological conditions together with seismic limits
meant a lower efficiency of blasting works and a slower excavation
speed. However, it was certainly the better option from the point of
view of tunnel construction safety.
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HLOUBENA STANICE RYCHLODRAHY LETISTE VACLAVA HAVLA
CUT-AND-COVER STATION OF RAPID TRANSIT RAILWAY LINE
TO VACLAV HAVEL AIRPORT

MIROSLAV NOVAK, VITEZSLAV HANSL, JIRI PLATIL, DALIBOR HLAVACEK

ABSTRAKT

Rychlodrdha Praha — Kladno s odbocenim na Letisté Vdclava Havla vyrazné zkvalitni dopravu mezi obéma mésty a soucasné umozni
rychlou a pohodlnou dopravu cestujicich na prazské letisté. Podzemni stanice rychlodrdhy Letisté Viclava Havla je navrZena jako hloube-
nd a navazuje na termindly letisté. Projekt stanice Letisté Viclava Havla je veSen podle zaddni investora ,,Sprdva Zeleznic (SZ)“ metodou
Building Information Modelling (BIM). Projekt zpracovany metodou BIM umoZiiuje mimo jiné koordinaci vlastni stanice a Sirsich vztahii
navazujicich staveb rychlodrdhy na letisti.

ABSTRACT

The Prague — Kladno rapid transit railway with a branch to Vidclav Havel Airport will significantly improve the quality of transport
between the two cities and, at the same time, enable fast and convenient transport of passengers to Prague Airport. The Viclav Havel
Airport underground station on the rapid transit rail line is designed as a cut-and-cover structure and connects to the airport terminals.
The Viclav Havel Airport station design is being solved according to the specifications of the client “Railway Administration” using the
Building Information Modelling (BIM) method. The design processed using the BIM method enables, among other things, the coordination

of the station itself and wider relations connected to the rapid transit line structures at the airport.

1. UvVOD

Rychlodraha Praha — Kladno s odbocenim na Letisté Vaclava Hav-
la je jednou ze souboru staveb Zelezni¢niho spojeni hlavniho mésta
Prahy, LetiSté Vaclava Havla a mésta Kladna. LetiSté Vaclava Havla
Praha (Letist€ Ruzyné) je situovano do severozdpadniho okraje Pra-
hy. Nejblizsi ZelezniCni trasou je soucasna celosttni jednokolejna
trat Praha — Kladno. Kladno je s vice nez 70 tisici obyvateli nejvét-
$im méstem Stfedoceského kraje a spolu s dynamicky se rozvijejici
spadovou oblasti podél trati generuje neméné vyznamny prepravni
potencidl. Soucasnd jednokolejna neelektrizovana trat se zastaralym
zabezpecovacim zafizenim zde znemoziuje provozovat pravidelnou
a kapacitni dopravu s dostate¢nou spolehlivosti. Intenzivni dopravni
vazba obou mést je tak realizovana prakticky vyhradné silni¢ni do-
pravou se vSemi negativnimi dopady na obyvatelstvo.

Realizace Zelezni¢niho spojeni mezi centrem Prahy, Kladnem
a LetiStém Vaclava Havla zajisti rychlou, pohodlnou a ekologicky
prijatelnou dopravu osob. Nabidka kvalitniho, tj. rychlého, interva-
lového, spolehlivého a bezpecného spojeni mezi témito centry a ze-
jména Letistém Vaclava Havla je v soucasné dob&é povaZovana za
nezbytnost (obr. 1).

Modernizace zahrnuje elektrizaci, zdvojkolejnéni trati, odstranéni
vSech droviiovych kifZeni komunikaci, vystavbu nové zastavky Pra-
ha-Liboc a zvySeni rychlosti do 85 km/h.

Zeleznic¢ni trat Praha-Bubny — Kladno — Rakovnik je zafazena do
sit€ celostatni drdhy a je v rdmci evropského Zelezni¢niho systému
soucasti globalni sit¢ TEN-T.

Predmétem clanku je popis pfipravy vystavby hloubené stanice
rychlodrahy LetiSté¢ Vaclava Havla, kterd navazuje na termindly le-
tiSt€. V soucasné dobé je zpracovana projektova dokumentace pro
stavebni povoleni (DSP) a rozpracovava se projektova dokumentace
pro provedeni stavby (PDPS). Ostatni stanice a tratové tseky jsou
zpracovany prevazné v dokumentaci pro tizemni rozhodnuti (DUR).
Vystavba Rychlodrihy Praha — Kladno je rozdélena do nékolika cas-
ti):

1. Praha-Bubny (vcetn¢)

— Praha-Vystavisté (véetné) ........... provoz od 2025

1. INTRODUCTION

The Prague — Kladno rapid transit rail line with a branch to Vaclav
Havel Airport is one of the complex of construction projects of the
railway connection system of the capital city of Prague, the Vaclav
Havel Airport and the city of Kladno. Véiclav Havel Prague Airport
(Ruzyné Airport) is located on the north-western edge of Prague.
The nearest railway route is the current Prague — Kladno national
single-track line. With more than 70.000 inhabitants, Kladno is the
largest city in the Central Bohemian Region and, together with the
dynamically developing catchment area along the line, generates
an equally significant transport potential. The current single-track,
non-electrified line with an outdated signalling and communication
system makes it impossible to operate regular high-capacity transport
here with sufficient reliability. The intensive transport connection of
the two cities is thus provided practically exclusively on roads, with
all the negative impacts on the population.

The development of a railway connection between the centre of
Prague, Kladno and Vaclav Havel Airport will ensure fast, com-
fortable and environmentally acceptable transport of passengers.
The offer of a high-quality, i.e. fast, intermittent, reliable and safe
connection between these centres, especially Vaclav Havel Airport,
is currently considered a necessity (Fig. 1).

The modernisation includes electrification, double-tracking of the
line, removal of all at-grade road crossings, construction of a new
Prague-Liboc intermediate station and an increase in the speed to
85km/h.

The Prague-Bubny — Kladno — Rakovnik railway line is included
in the national railway network and is part of the global TEN-T
network within the European railway system.

The subject of the paper is a description of the preparation for the
construction of a cut-and-cover railway station on the Vaiclav Havel
Airport rapid transit line, which connects to the airport terminals.
Currently, the design documents for the building permit are finished
and the design document for the construction (final design) is being
developed. Other stations and track sections are dealt with mainly
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2. Praha-Vystavisté (mimo)

— Praha-Dejvice (véetn€) .............. provoz od 2029
3. Praha-Dejvice (mimo)

— Praha-Veleslavin (mimo) ............ provoz od 2029
4. Praha-Veleslavin (véetné)

— Praha-Ruzyné (véetné) .............. provoz od 2028
5. Praha-Ruzyné (mimo)

—Kladno (mimo) .................... provoz od 2027
6. Praha—Kladno (vCetné)

— Kladno-Ostrovec (véetné) ........... provoz od 2024

7. Praha-Ruzyné (mimo)
— Praha-Letisté Vaclava Havla

(mimo), novostavba .. ................ provoz od 2029
8. Praha-Letisté Vaclav Havla

(novostavba) ....................... provoz od 2029
9. Praha-Masarykovo

nadrazi (modernizace, dostavba) . ....... provoz od 2026

10. Zaokruhovéni Zelezni¢niho
spojeni Letist€ Vaclava Havla do trati
Praha-Letisté Vaclava Havla—Kladno . . . . provoz od 2029

Na trati ,,Rychlodraha Praha — Kladno s odbocenim na Letisté
Viclava Havla“ jsou tunelové useky:

« tunel za Zelezniéni stanici (ZST) Praha-Vystavisté km 2,264 do
ZST Praha-Dejvice, hloubeny objekt km 3,470 — dvoukolejny
hloubeny tunel délky 1206 m;

 7ZST Praha-Dejvice, hloubeny objekt km 3,470 —3,810;

« tunel za Zelezni¢ni stanici (ZST) Praha-Dejvice km 3,810 do
hloubeného vétraciho objektu km 4,141 — dvoukolejny hloube-
ny tunel délky 331 m;

e tunel od hloubeného vétraciho objektu km 4,141 do druhého
hloubeného vétraciho objektu km 7,322 — dva jednokolejné ra-
Zené tunely zeminovym Stitem (EPB), délky 3181 m;

e tunel od hloubeného vétraciho objektu km 7,322 k portdlu km
7,918 pred castecné zahloubenou 7ST Praha-Veleslavin — dvou-
kolejny hloubeny tunel délky 596 m;

o tunel pred ZST Letist¢ Viclava Havla — dvoukolejny hloubeny
tunel délky 518 m;

o 7ST Letisté Viclava Havla hloubeny objekt km 5,445 -5,730;

* dvoukolejny tunel délky 3230 m k odbocce Jenecek (studie zao-
kruhovani).

2. STAVEBNI RESENI STANICE LETISTE VACLAVA HAVLA

Dispozicni reseni

Cel4 Zelezni¢ni stanice (ZST) [1, 2] se sestdvé celkem ze tii sta-
vebnich objektt (SO), pficemz hlavni a nejvétsi je objekt samotné
stanice:

* SO 15-71-01 — ZST Praha-Letist¢ Véclava Havla — hloubend

stanice;

* SO 15-71-03 — Unikovy objekt v km 16,947;

* SO 15-71-04 — ZST Praha-Leti$t¢ Viclava Havla — vétraci ob-

jekt.

Stanice (obr. 2) je navrzena jako hloubena s ostrovnim nastupi-
Stém Sitky 11,64 m a délky 229,245 m. Vystupy z nastupisté jsou
umistény — na zapadeé k Terminalu 2, na vychodé k Termindlu 1, ves-
tibul ABC.

Vystup ze zapadni ¢asti nastupisté je pomoci trojice eskalatort
a dvojice vytaht, tento vystup vede k Terminalu 2. Na terén vede
opét trojice eskalatord. Tento vystup je realizovan pouze jako do-
Casny do té doby, nez bude vybudovan Letistém Praha definitivni
zapadni vestibul.

Tuel

in the design documentation for issuance of zoning and planning
decision. The construction of the Prague — Kladno rapid transit line
is divided into several parts:
1. Prague-Bubny (including)
— Prague-Vystavisté (including) . . ..
2. Prague-Vystavisté (excluding)
— Prague-Dejvice (including . ... ... operation from 2029
3. Prague-Dejvice (excluding)
— Prague-Veleslavin (excluding) . ...
4. Prague-Veleslavin (including)

operation from 2025

operation from 2029

— Prague-Ruzyné (including) ...... operation from 2028
5. Prague-Ruzyné (excluding)

—Kladno (excluding) ............. operation from 2027
6. Prague-Kladno (including)

— Kladno-Ostrovec (including) .. ... operation from 2024

7. Prague-Ruzyné (excluding)
— Prague-Viclav Havel Airport

(excluding), newly built . . ......... operation from 2029
8. Prague-Viclav Havel Airport

(mewly built) . ................... operation from 2029
9. Prague-Masaryk station

(modernisation, addition) ......... operation from 2026

10. Development of a circuit of the
Viclav Havel Airport railway
connection to the Prague—Vaclav
Havel Airport-Kladno line ........ operation from 2029

There are the following tunnel sections on the “Prague — Kladno

rapid transit line with a branch to Vaclav Havel Airport™:

e tunnel behind Prague-Vystavisté railway station, chainage km
2.264, to Prague-Dejvice station, cut-and-cover object chainage
km 3.470-1206m long double-track cut-and-cover tunnel;

* Prague-Dejvice railway station, cut-and-cover object chainage
km 3.470-3.810;

 tunnel behind Prague-Dejvice railway station chainage km
3.810 to cut-and-cover ventilation object at chainage km 4.141—
a 331m long double-track cut-and-cover tunnel;

¢ tunnel from ventilation shaft sunk atkm 4.141 to other ventilation
shaft sunk at km 7.322 — two single-track mined tunnels driven
using a 3181m long Earth Pressure Balance shield (EPB);

e tunnel from ventilation shaft sunk at km 7.322 to portal at km
7.918, before partially sunk Prague-Veleslavin railway station —
a 596m long double-track cut-and-cover tunnel;

* tunnel before Vaclav Havel Airport —a 518m long double-track
cut-and-cover tunnel;

» Viclav Havel Airport railway station cut-and-cover object km
5.445-5.730;

* a 3230m long double-track tunnel up to Jenecek branch (study
on the development of the railway circuit).

2. CONSTRUCTION SOLUTION TO VACLAV HAVEL
AIRPORT STATION

Layout solution
The entire railway station [1, 2] consists of a total of three
construction objects (CO), with the main and largest structure being
the station itself:
e CO 15-71-01 — Vaclav Havel Airport railway station — cut-and-
cover station;
* CO 15-71-03 — Escape object at km 16.947;
e CO 15-71-04 — Véclav Havel Airport railway station — ventilation
object.




Tuel

Druhy vystup z nastupisté na vychodé, vestibul ABC, je realizovan
pomoci dvojice eskaldtorti, pevného schodisté a vytahu (plni funkci
evakuacni). Na terén vede smérem k Termindlu 1 opét dvojice eska-
latortd, pevné schodiste a vytah.

Na néstupisti je dvojice tnikovych schodist (zakomponovanych
v prostoru pod eskalatory), které vedou do chranéné chodby pod
nastupistém, posléze tato chodba podejde kolej a na terén vede sou-
stava schodist, kterd na povrchu vyusti jako samostatny objekt (SO
15-71-03). Ve findlnim stavu se tento objekt stane soucasti parkin-
gu B (bude do néj zakomponovan).

Hlavni technologické a sluZebni zdzemi se nalézd u vychodni-
ho vestibulu ABC. V trovni koleji je energoblok, ktery je vycle-
nén mimo prostor stanice. Je spojeny s technickymi prostorami pod
nastupistém a zaroven chranickami napojen na kabelové vedeni
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The station (Fig. 2) is designed as a cut-and-cover structure with
an 11.64m wide and 229.245m long intermediate platform. Platform
exits are located — West to Terminal 2, East to Terminal 1, ABC
concourse.

The exit from the western part of the platform is via a bank of
three escalators and a pair of lifts; this exit leads to Terminal 2. The
bank of three escalators again leads to the terrain. This exit is only
a temporary structure, until the definitive western concourse is built
by Prague Airport.

The second exit from the platform in the east, the ABC concourse,
is provided by means of a bank of two escalators, a fixed staircase and
a lift (it performs an evacuation function). A bank of two escalators, a
fixed staircase and a lift lead to the terrain towards Terminal 1.

On the platform, there are a pair of escape stairs (integrated in the
space under the escalators) that lead to a protected corridor under
the platform, then this corridor passes under the track and a set of
stairs leads to the terrain, which leads to the surface as a separate
object (SO 15-71-03). In the final state, this object will become part
of parking garage B (it will be integrated into it).

The main technical and services background is located at the
eastern ABC concourse. There is a generating block at the track level,
which is set aside outside the station space. It is connected to the
technical spaces under the platform and, at the same time, connected
to the cables in the space of tracks through cable protection pipes.
At the concourse level, there are other service areas and the main
ventilation plant room, which provides operational ventilation and
heat and smoke evacuation in the event of a fire. The main ventilation
plant room is followed by a ventilation object, which again leads
to the terrain as a separate object (SO 15-71-04). In the final state,
this object will become part of the administration building (it will be
incorporated into it).

Under the intermediate floor of the exit at Terminal 2, there is a
service background, including a parking lot and a hoisting platform
used to reach the floor slab; there is also a cleaning machine, etc.
there.

A ventilation duct is attached on both sides to the perimeter
walls of the station. It opens into the ventilation plant room at the
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Obr. 1 Situace rychlodrdhy Praha — Kladno s odbocenim na Letisté Viclava Havla

Fig. I Prague — Kladno rapid transit rail line with a branch to Viclav Havel Airport map
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v kolejisti. V drovni vestibulu se nalézaji dalsi sluzebni prostory
a strojovna hlavniho vétrani, ktera zajistuje provozni vétrani a v pfi-
padé pozaru odvod tepla a koufe. Na strojovnu hlavniho vétrani
navazuje vétraci objekt, ktery na terén vyusti opét jako samostatny
objekt (SO 15-71-04). Ve findlnim stavu se tento objekt stane sou-
Casti administrativni budovy (bude do ni zakomponovan).

Pod mezipatrem vystupu u Termindlu 2 je sluZebni zadzemi, véetné
parkovisté a zdvihaci ploSiny slouZzici pro dosaZeni stropni desky,
dale je zde umistén Cistici stroj apod.

K obvodovym sténdm stanice je po obou stranach prisazen vzdu-
chotechnicky kandl, ktery dsti do strojovny vzduchotechniky na vy-
zapadniho vestibulu ustici do unikového objektu. Jedna se o mono-
litickou konstrukei, kterd je pevné piipojena k obvodovym sténam
stanice.

Stanice ma celkem sedm trovni (obr. 3, 4):

e UT - droven terénu;

e UV ABC — troveti vestibulu ABC;

e UV Z —troven vestibulu zapad;

* UNN ABC - trover nad néastupistém ABC;

e UNN Z — troveil nad nastupiStém zdpad;

e UN —troven nastupiste;

e UPN - troven pod nastupistém.

Nosné konstrukce

Objekt vlastni stanice bude zaloZen plosné na zakladové Zelezo-
betonové monolitické desce z betonu tfidy C30/37, kterd se bude
nachézet v urovni, kde podle geologického prizkumu byly zastiZeny
vrstvy hornin bélohorského souvrstvi (piscité slinovce/opuky s po-
lohami spongilitd) zafazené do tfidy R4, R3, polohy spongilitii R2.

Zakladové deska v misté kolejisté je navrzena tloustky 800 mm
a v oblasti, kde jsou kabelové prostory a chodby, je tloustky 600 mm.

Svislé nosné konstrukce budou tvoreny Zelezobetonovymi nos-
nymi sténami z betonu tfidy C30/37, které budou lokalné doplnény
sloupy. Obvodové stény jsou navrzeny tloustky 800 mm, vnitini sté-
ny jsou od tloustky od 300 mm do 600 mm.

Vodorovné nosné konstrukce budou tvofeny Zelezobetonovymi
(ZB) monolitickymi deskami z betonu tiidy C30/37. Pevazné se
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eastern end of the station. A protected escape route from the western
concourse, opening into the escape object, is also attached to the
walls. It is a monolithic structure that is firmly fixed to the perimeter
walls of the station.

The station has a total of 7 levels (Figures 3, 4):

e UT - terrain level,

e UV ABC - ABC concourse level;

e UV Z — west concourse level;

* UNN ABC - above ABC platform level;

* UNN Z - above west platform level;

e UN - platform level,;

e UPN — under platform level.

Load-bearing structures

The structure of the station itself will have shallow foundation,
on a reinforced concrete monolithic slab made of C30/37 grade
concrete, which will be located at the level where, according to the
geological survey, layers of Bild Hora formation rock (sandy shale/
marlstone with spongilite layers) classified as R4, R3 were found
(spongilite layers class R2).

The thickness of 800mm is designed for the foundation slab in
the place of the track, whilst 600mm thickness is designed for the
slab where there are cable spaces and corridors.

The vertical load-bearing structures will comprise reinforced
concrete load-bearing walls made of concrete class C30/37, which
will be supplemented locally with columns. The perimeter walls
800mm thick and internal walls 300mm to 600mm thick are
designed.

The horizontal load-bearing structures will comprise monolithic
reinforced concrete slabs made of C30/37 concrete. It will mainly
be slabs stressed in two directions. The main roof deck structure
above the platform with a span of 21.4m will be of the slab-and-
girder type, the individual girders are in the shape of an upturned
T, with the 400mm thick and 1500mm wide bottom flange and
500mm thick web; the girders are 1800mm high in total. A 350mm
thick reinforced slab is designed between the girders. It is inclined
longitudinally 0.34%. In areas where the possibility of transferring
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Obr. 2 Uroveii ndstupisté stanice
Fig. 2 Station platform level
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Obr. 3 Podélny Fez stanici
Fig. 3 Longitudinal section through the station

bude jednat o desky pnuté ve dvou smérech. Hlavni stropni kon-
strukce nad nastupiStém na rozpéti 21,4 m bude tvofena trimovym
stropem, jednotlivé tramy jsou ve tvaru obraceného T, pricemZ spod-
ni pasnice je navrZena tlouStky 400 mm a Sitky 1500 mm, stojina je
tloustky 500 mm, celkova vyska tramt je 1800 mm. Mezi tramy je
navrZena ZB stropni deska tloustky 350 mm, kter4 je podélné sklo-
nénd 0,34 %. V oblastech, kde se uvazuje s moznosti prevedeni inZe-
nyrskych siti, pfipadné kabelového vedeni z jedné strany stanice na
druhou, je deska zapus$ténd mezi dvojici sousednich tramu.

Hydroizolace

Zelezobetonové konstrukce budou opatieny hlavni plastovou izo-
laci z modifikovanych asfaltovych pési, s pojistnou a ochrannou
vrstvou z bentonitovych rohoZzi. V pfipad€ poruchy hlavni hydroizo-
lacni vrstvy bude ndsledné aktivovdna pojistnd vrstva. V mistech,
kde se izola¢ni systém realizuje pfed ZB konstrukci (vodorovné
izolace a svislé izolace provadéné ,,do vany*), budou pouZity pasy
urcené pro pokladku bez plnoplosného nataveni. Naopak v mistech,
kde se bude realizovat hydroizolace na jiZ hotovou Zelezobetonovou
konstrukei, budou pouzZity plnoplosné natavované pasy.

Dilatace budou opatieny stfedovymi sparovymi pasy, které budou
doplnény o injektazni hadicky pro piipadné injektovani dilatacnich
spar. Injekéni systém bude vyveden na vnitini lic ZB konstrukce
v blizkosti dilatacni spary.

Architektonické feseni stanice

Nejvétsi dominantou celé stanice bude bezesporu prostor nastupi-
Ste, ktery se podarilo velmi zjednodusit, a tim také zptehlednit opro-
ti tradicnim drdZnim stavbam. To ve vysledku velkou mérou zlepsi
orientaci a pohyb cestujicich. Pfi pohledu z obou vestibulll stanice
cestujici prehlédne prakticky celé néstupisté (obr. 5, 6). Vizualizace
stanice zpracovana ateliérem dh architekti s.r.o. je prevzata z [3].

Jiz pfi nastupu na eskaldtory z vestibulu na ndstupiSté zaujme
podhled, ktery sestavd z velkoformatovych svitidel trojihelniko-
vého tvaru. Diky tomuto vyznamnému prvku bude cely prostor

utility networks or cable lines from one side of the station to the
other is under consideration, the slab is embedded between a pair
of adjacent girders.

Waterproofing

Reinforced concrete structures will be provided with the main
waterproofing jacket from modified asphalt strips, with a safety
and protective layer of bentonite mats. In the event of a failure of
the main waterproofing layer, the safety layer will subsequently be
activated. In places where the waterproofing system is applied in
front of the reinforced concrete structure (horizontal waterproofing
and vertical waterproofing carried out ,into a tank®), strips
designed for laying without full-surface torching on will be used.
On the contrary, in places where waterproofing will be applied
to an already finished reinforced concrete structure, full-surface
torched on strips will be used.

Expansion joints will be covered with central waterstops, which
will be supplemented with injection tubes for possible injection
into expansion joints. The injection system will be run out to the
inner face of the reinforced concrete structure near the expansion
joint.

Architectural station design

The biggest dominant feature of the entire station will undoubtedly
be the platform area, which has been greatly simplified and thus
also made clearer compared to traditional railway constructions.
As aresult, this will greatly improve the orientation and movement
of passengers. When viewed from both station platforms, the
passenger overlooks practically the entire platform (Figures 5, 6).
Visualisation of the station processed by the dh architekti s.r.o.
studio is taken over from [3].

As soon as you get on the escalators from the concourse to the
platform, your attention will be attracted by the suspended ceiling,
which consists of large-format triangular luminaires. Thanks to
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délka nastupisté stanice 229,45 m
station platform length 229.45m
Sifka nastupisté stanice 11,64 m
station platform width 11.64m

smér Kladno
direction of Kladno

zdroj [1, 2] source [1, 2]
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Obr. 4 Pricny rez stanici
Fig. 4 Station cross-section

rovnomérné osvétlen i pii nizkém vykonu svitidel a jisté se v bu-
doucnu stane pozndvacim znamenim této stanice. Déle na nastupisti
zraky cestujicich bezesporu upoutd lamelovy obklad za kolejistém,
ktery pokryva bocni stény ndstupisteé v celém jejich rozsahu. Obklad
zde plni vyznamnou akustickou funkci a zaroven také slouzi k zakry-
ti otvort vzduchotechniky, které jsou v téchto sténach umistény pod
stropem.

3. ZPRACOVANI STAVBY Z HLEDISKA METODIKY BIM

Zadani projektu

Popisovand Zeleznicni stanice je soucdsti rozsdhlého projektu
v intravildnu LetiSt€ Véiclava Havla Praha. Tento projekt byl in-
vestorem SZ vypsan jako projekt zpracovavany metodou Building

zdroj [1, 2] source [1, 2]

this important element, the entire space will be evenly lit even
with low light output of the luminaires and will certainly become
a recognition sign of this station in the future. Further on the
platform, the lamella cladding behind the track, which covers the
entire side walls of the platform, will undoubtedly catch the eyes of
passengers. The cladding here fulfils an important acoustic function
and at the same time serves to cover the ventilation openings, which
are located in these walls under the ceiling.

3. CONSTRUCTION PROCESSING FROM THE POINT
OF VIEW OF BIM METHODOLOGY

Design specification

The described railway station is part of a large-scale project in
the inner area of the Vaclav Havel Airport Prague. The tender for
this design was invited as for a design processed using the Building
Information Modelling (BIM) method. The station itself is
therefore part of the information model of the wider area solved by
the design. From the point of view of the BIM itself, the invitation
to tender is significantly extensive regarding the design and does
not only concern the information model of the construction itself.
It prescribes, among other things, requirements for the form of the
common data environment (CDE), requirements for the form of the
comment management, the form of information models including
filling with non-graphical information, coordination of information
models, their use for 4D and 5D simulation and use of the model
for presentation to the client/public.

Common data environment CDE (Document Management
System)

The Bentley ProjectWise common data management environment
(CDE) is applied to the design. The data area was divided into two
parts. The first part, the structure of which was prescribed by the
client, served primarily as a data area used between the client and
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Information Modelling (BIM). Vlast-
ni stanice je tedy soucdsti informac-
niho modelu $ir§iho tzemi feSeného
projektem. Zadani z hlediska proble-
matiky BIM je pro projekt znacné
rozsahlé a netykd se pouze samot-
ného informa¢niho modelu stavby.
Predepisuje mimo jiné poZadavky
na podobu spolecného datového pro-
sttedi (CDE), pozadavky na podobu
pripominkového fizeni, podobu in-
formac¢nich modeld v¢etné naplné ne-
grafickymi informacemi, koordinaci
informacnich modeld, jejich vyuziti
pro simulaci 4D a 5D a vyuziti mo-
delu pro prezentaci investorovi/ve-
fejnosti.

Spolecné datové prostiedi

CDE (Document Management
System)

Na projektu bylo vyuzito spolec¢né-
ho datového prostredi (CDE) Bentley
ProjectWise. Datova oblast byla roz-
délena na dvé casti. Prvni ¢ast, jejiz
strukturu predepsal investor, slouZila
primdrné jako oblast dat vyuZivand
mezi investorem a zhotovitelem pro-
jektu. Druhd ¢ast slouZzila ke sdileni
dat mezi projektovym tymem zhoto-
vitele a jeho subdodavateli. Spole¢né
datové prostiedi zarucovalo umisténi
vzdy aktudlnich dat na jednom mis-
té, odkud byla tato data pfistupna pro
vSechny ¢leny projektového tymu.

Pripominkovani dokumentace
véetné informacniho modelu

Jeden z modulii CDE umoZiujici
vytvéret poznamky prostfednictvim formulari byl vyuZit v prabé-
hu pripravy 2D ¢ésti dokumentace a informa¢niho modelu. V ram-
ci projektu byl ve spolupraci s investorem vytvoren formulat, ktery
obsahové vychazel z klasického pfipominkového fizeni. Na tento
formular bylo nésledné aplikovano investorem poZadované work-
flow vc€etné jasné danych roli a kompetenci jednotlivych zucast-
nénych. Timto zplsobem byla pfipominkovina 2D c¢ast piedané
dokumentace a informacni model.

Koordinace stavhy

Vzhledem k rozsahu projektu byly vytvoreny dva koordinacni
modely. Prvni — koordina¢ni model stavby, do kterého byly nacte-
ny vSechny informa¢ni modely od jednotlivych zpracovateld. Déle
zde byly pfipojeny napiiklad modely geologickych sond, stavajici
vystavby, dendrologie, stavajicich povrchi atd. Tento model slouzil
ke koordinaci stavby jako celku (obr. 7, 8). Vzhledem k néaro¢nosti
vnitini koordinace vlastni stanice a navazujiciho dvoukolejného tu-
nelu byl vytvoren jesté druhy koordinacni model. V tomto modelu
byla uvedena do souladu vlastni stanice, predevsim tedy jeji vnitini
profese (zdravotni technicka instalace (ZTI), ustfedni topeni (UT),
vzduchotechnika (VZT), elektroinstalace (EL) apod.) mezi sebou
a jejich vazba na stavebni konstrukce. Koordinace byla provadéna
v programu Navisworks Manage, kde bylo vyuZito modulu Clash
detection. Modul dokaZe ve 3D modelu vyhledat geometrické (pii
vhodném nastaveni i negeometrické) kolize jednotlivych prvki mezi
sebou, véetné jejich umisténi a dalSich pridruZzenych informaci. Tyto

zdroj [3] source [3]

Obr. 5 Vizualizace ndstupiste stanice
Fig. 5 Visualisation of station platform

zdroj [3] source [3]

Obr. 6 Vizualizace vestibulu ABC stanice
Fig. 6 Visualisation of ABC concourse of the station

the contractor for the design. The second part served to share data
between the contractor’s design team and its subcontractors. The
common data environment guaranteed the position of always up-
to-date data in one place, from where this data was accessible to all
members of the designt team.

Comments on documents including information model
One of the CDE modules allowing for the creation of notes
through forms was used during the preparation of the 2D part
of the documentation and the information model. As part of the
design, a form was created in collaboration with the client, the
content of which was based on the classic comment management.
The workflow required by the client was subsequently applied to
this form, including clearly defined roles and competencies of the
individual participants. In this way, the 2D part of the handed over
documents and the information model were commented.

Construction coordination

Due to the extent of the design, two coordination models were
developed. The coordination model of the construction, into which
all information models from individual processors were loaded.
Furthermore, models of geological probes, current construction,
dendrology, existing surfaces, etc., were also attached here. This
model served to coordinate the construction as a whole (Figures
7, 8). The second coordination model was created with respect to



32. rocnik - €. 2/2023

technologicka cast
technical background part -

vestibul zapad
west concourse

vestibul ABC
ABC concourse

Obr. 7 Koordina¢ni model stanice
Fig. 7 Coordination model of the station

kolize dokédze evidovat a pracovat s nimi. Jako primarni struktura
informacnich modeld ke koordinaci byl zvolen format IFC. Jedna-
lo se téZ o vyménny format mezi jednotlivymi softwary.

Informacni model viastni stanice

Stavebni ¢ast informacniho modelu vlastni stanice byla zpraco-
véana v programu Revit 2021. Jednotlivé konstrukce byly modelo-
vany na zdkladé prvka z interni knihovny zhotovitele. Zde je vidét
jako vyhodu presné nastaveni jednotlivych prvkd, co se geometric-
ké podrobnosti i negrafickych informaci tyce. Projektanti pracuji na
svych projektech s prvky, které znaji. Na zaklad¢ interniho datového
standardu lze vytvaret nastavby, které s daty v prvcich dale pracuji
(napft. vyuZiti prvki pro generovani kubatur) a neni nutné pomucky
upravovat podle riznych datovych standardii zadanych investory.

zdroj [2] source [2]

the exactingness of internal coordination of the station itself and
the connected double-track tunnel. In this model, the station itself,
especially its internal professions (sanitary installations, central
heating, ventilation, electrical installations, etc.) were brought
into line with each other and their connection to the structures.
Coordination was carried out in the Navisworks Manage program,
where the Clash detection module was used. The module is
capable of searching for geometric (with suitable settings also
non-geometric) collisions of individual elements with each other
in the 3D model, including their position and other associated
information. It can record and work with these collisions. The
IFC format was chosen as the primary structure of information
models for coordination. It was also an exchange format between
individual software sets.

Obr. 8 Rez koordinaénim modelem stanice
Fig. 8 Section through the coordination model of the station

zdroj [2] source [2]
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Obr. 9 Hlavni vétrdni stanice
Fig. 9 Main ventilation system of the station

K vyplnéni negrafickych informaci do datového standardu zadaného
investorem je pak vyuzito prezrcadleni negrafickych informaci
z datového standardu zhotovitele. Pripadn€ doplnéni informaci
(pfevazné manudlng) do parametrd, které jsou v datovém standardu
investora navic. V informa¢nim modelu stanice byl vyuzit datovy
standard SFDI pro pozemni stavby. Ocelové konstrukce (zastfeSeni
vestibuli, vytahové prosklené Sachty) byly zpracovany v programu
Advance Steel. Co se tyCe vnitfnich profesi, tak zde byly vyuzity
priméarné dva softwary. Profese VZT, ZTI, automaticka tlakova sta-
nice (ATS) a ¢ast rozvodi elektro byla tvofena v programu Revit.
Zbyla cast profesi, prevazné tedy profese elektro, byla vytvorena
v programu Microstation. Jako zdsadni problém se zde ukdzalo
efektivni preddvani dat mezi jednotlivymi softwary. Jednalo se
napfiklad o predavani podkladi k prostupim nosnymi konstruk-
cemi od jednotlivych zpracovatelii. Vzhledem k tomu, Ze software
Bentley (Microstation) a Autodesk (Revit) spolu nekomunikuji na
bazi kompatibility vnitfnich prvkd v modelu, tak napf. zminéné
prostupy nelze jednoduse z jednoho modelu vykopirovat a vlozit
do jiného. V tomto ptipadé se musela zjistit geometrie a soufadnice
prostupti v modelu Microstation, tato data vyexportovat a na jejich
zaklad€ vygenerovat prostupy v modelu Revit. Z tohoto jednodu-
chého prikladu plynou dva poznatky. Jednim je nemoZnost se na
velkych projektech vyhnout vyuziti vice softwart, ve kterych jsou
informacni modely zpracovavany. Druhym poznatkem je pak nut-
nost fesit kompatibilitu a efektivni predavani dat mezi nimi.

Prezentace informacniho modelu

Pro prezentaci projektu byl zpracovan 3D model stanice pro po-
uziti ve virtudlni realit€. Model pro virtualni realitu byl zpracovan
samostatné, nebyly tedy vyuzity informacni modely jednotlivych
zpracovateli. Vzhledem k velikosti a detailu vysledného modelu
pro virtudlni realitu nejsou modely v nativnim softwaru projektanta
(napr. Revit) pfili§ vhodné. Tyto modely obsahuji znacné mnoZstvi
informaci a geometrii, které vysledny model extrémné zatéZuji.
Tento model byl vyuzivan béhem projektu k prezentaci investo-
rovi, k vedeni jednani nad podobou a technickym feSenim stanice,
v neposledni fadé téZ k prezentaci slozkdm investora, které budou
v budoucnu zodpovédné za zpravu urcitych Casti stavby.
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Information module for the station itself

The construction part of the information module for the station
itself was processed in the Revit 2021 program. Individual structures
were modelled on the basis of elements from the contractor’s
internal library. Here, the precise setting of individual elements can
be seen as an advantage, as far as geometric details and non-graphic
information are concerned. Designers work on their designs with
elements they know. On the basis of an internal data standard, it
is possible to create additions that further work with the data in
the elements (e.g. the use of elements to generate volumes) and
it is not necessary to modify tools according to the different data
standards specified by the clients. To fill non-graphic information
into the data standard specified by the client, re-mirroring of non-
graphic information from the contractor’s data standard is then
used. Alternatively, adding information (mainly manually) to the
extra parameters contained in the client’s data standard. The SFDI
data standard for buildings was used in the information model
for the station. The steel structures (roofing of concourses, glass
fronted lift shafts) were processed in the Advance Steel program.
As far as internal professions are concerned, two software sets
were primarily used here. The professions of ventilation, sanitary
installations, automatic water booster pump station and part of
wiring were created in the Revit program. Remaining professions,
mainly the electrical profession, were created in the Microstation
program. Effective data transfer between individual software
sets proved to be a fundamental problem here. This involved, for
example, the handing over of documents for openings in load-
bearing structures from individual processors. Due to the fact that
the Bentley (Microstation) and Autodesk (Revit) software sets do
not communicate with each other on the basis of the compatibility
of internal elements in the model, so for example, the mentioned
openings cannot be simply copied from one model and inserted
into another. In this case, the geometry and coordinates of the
openings had to be determined in the Microstation model, this
data had to be exported and based on it, the openings had to be
generated in the Revit model. Two pieces of knowledge follow for
us from this simple example. One of them is the impossibility in
the case of large designs to avoid the use of more software sets
in which information models are processed. The second piece of
knowledge is the necessity for addressing the compatibility and
effective transfer of data between them.

Information model presentation

A 3D model of the station was developed for the use in virtual
reality for the presentation of the design. The model for virtual
reality was processed separately, so the information models
developed by individual processors were not used. With respect
to the extent and detail of the resulting model for virtual reality,
models in designer’s native software (e.g. Revit) are not too much
suitable. These models contain a significant amount of information
and geometries, which put an extreme burden on the resulting
model. This model was used during the designing process for
presentation to the client, for conducting negotiations on the form
and technical solution for the station, and last but not least, also for
presentation to the client‘s organisation components, who will be
responsible for administration of certain parts of the construction
in the future.

4. MAIN VENTILATION OF THE STATION

The area of the station platform, concourses and connecting
running tunnels are forcibly ventilated by the so-called main
ventilation system, which ensures two basic functions:
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4. HLAVNI VETRANI STANICE

Prostor nastupiSté stanice, vestibuly a navazujici tratové tunely
jsou nucené vétrany tzv. hlavnim vétranim, které zajistuje dveé za-
kladni funkce:

e Dopravni rezim vétrani zajistuje odvod tepelné zatéze z tunell

a stanic rychlodrahy vzniklé provozem vlaki a technologické-
ho zafizeni.

e PoZarni rezim vétrani pii pozaru vlaku rychlodrdhy nebo tech-
nologického zarizeni stanice. UvaZovany vykon poZiru je
10-12 MW, coZ bude upresnéno po vybéru vlakovych souprav
rychlodréhy.

Axidlni reverzni pretlakové ventilatory hlavniho vétrani (APWM
1400, 40 m?/s, 1200 Pa s teplotni odolnosti 250 °C po dobu 90 min.
podle CSN EN 12101-3) jsou umistény ve strojovné hlavniho vé-
trani, jde o celkem 4 ks paralelné umisténych ventilatorti (obr. 9).
Mnozstvi vétraného vzduchu je stanoveno tepelné vlhkostnim vy-
poctem, ktery urcuje odvod tepla a vlhkosti ze stanic se zapocita-
nim akumulace tepla do okolni horniny. Vykon je regulovan podle
venkovnich teplot vzduchu. Regulace mnoZstvi vétraného vzduchu
je feSena postupnym spousténim ventilatorti. Reverzace ventilatort
je provedena zménou sméru otdceni obéZného kola. Hluk od jejich
provozu je tlumen v butikovych absorpénich tlumic¢ich hluku na séni
a vytlaku.

Ventilatory hlavniho vétrani soucasné pracuji jako poZzarni.
V pripadé nehody, poZaru apod. zajisti odvod tepla a koufe na po-
vrch. Uvedena teplotni odolnost se tyka i uzaviracich klapek a tlu-
micl hluku. PoZarni vétrani zajiStuje proudéni Cerstvého vzduchu
proti sméru uniku cestujicich z podzemi (eskalatory, tratovy tunel,
vestibuly). Vykon pozarniho vétrani je 120 m¥/s.

5. ZAVER

Koncova stanice Praha-Letisté Vaclava Havla bude nové vybu-
dovana v prostoru aredlu letisté za ucelem jeho obsluhy osobni Ze-
lezni¢ni dopravou. Stanice bude umisténa v podzemi. V béZném
provozu zajisti stanice vjezd, obrat a odjezd osobnich vlaku relace
Praha Masarykovo nadrazi — Praha-Letisté Vaclava Havla v inter-
valu 10 minut. Na stani¢nich kolejich bude umoZnéno spojovani
a rozpojovani vlakovych souprav pfi prechodu mezi prepravni
Spickou a sedlem.

Rychlodraha Praha — Kladno zajisti rychlé spojeni mezi obéma
mésty. Navrzend hloubend stanice rychlodrahy Letisté Vaclava
Havla umozni rychlou a spolehlivou dopravu na letisté.
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* The transport-related mode of ventilation ensures the removal
of the heat load from the tunnels and stations of the rapid
transit railway induced by the operation of trains and technical
facilities.

* Fire ventilation mode in the event of a fire in a rapid transit
train or a technical facility of the station. The heat power of the
fire is considered at 10-12MW; it will be specified after the
selection of high-speed train sets.

Axial reverse pressure fans of the main ventilation system
(APWM 1400, 40m?/s, 1200Pa with a heat resistance of 250°C for
90 minutes according to CSN EN 12101-3 standard) are installed in
the main ventilation plant room; there are a total of 4 fans installed
in parallel (Fig. 9). The amount of ventilated air is determined by
a thermal-humidity calculation, which determines the removal
of heat and humidity from the stations, taking into account
the accumulation of heat in the surrounding rock. The output is
regulated according to the external air temperatures. Regulation of
the amount of ventilated air is solved by incremental starting of
the fans. Reversing the fans is done by changing the direction of
rotation of the propeller. The noise created by their operation is
attenuated in cellular absorption silencers installed on the suction
and discharge air sides.

The main ventilation fans concurrently work as fire fans. In the
event of an accident, fire, etc., it ensures the removal of heat and
smoke to the surface. The stated heat resistance also applies to stop
flaps and noise silencers. The fire ventilation ensures the flow of
fresh air against the direction of the escape of passengers from
the underground (escalators, running tunnel, concourses). Fire
ventilation rate is 120m?/s.

5. CONCLUSION

The Prague-Vaclav Havel Airport terminal station will be newly
built in the area of the airport in order to provide it with passenger
rail transport services. The station will be located underground.
In common operation, the station will ensure the entry, turn-back
and departure of passenger trains on the Prague Masaryk station
— Prague-Viclav Havel Airport route at an interval of 10 minutes.
On the station tracks, it will be possible to connect and disconnect
train sets during the transition between the transport peak and the
saddle periods.

The Prague — Kladno rapid transit railway will provide a fast
connection between the two cities. The cut-and-cover station on the
Viclav Havel Airport rapid transport rail line being designed will
allow for fast and reliable transport to the airport.
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PRESTAVBA TUNELU BLANENSKY C. 8/2
RECONSTRUCTION OF TUNNEL BLANENSKY NO. 8/2

LUKAS KUNC

ABSTRAKT

V rdmci rekonstrukce tratového uiseku mezi mésty Adamov a Blansko byla provedena prestavba jednokolejného tunelu Blanensky ¢. 8/2,
vyraZeného prstencovou metodou v letech 1988 aZ 1992. Byl vystrojen definitivnim osténim ze Zelezobetonovych a litinovych tubingii
s cihelnou zaklddkou mezi vyrubem a osténim. Skladba osténi tunelu vykazovala nedostatecnou izolaci proti vodé. V zimé se uvniti tunelu
tvorily rampouchy, ledopddy a vymrazky v koleji, provoz Zeleznicni traté nebyl plynuly a bezpecny, coZ byl jeden ze zdsadnich ditvodii pro
ndvrh prestavby tunelu. Projekt zahrnoval zbudovdni kompletné nového primdrniho a sekunddrniho osténi s mezilehlou izolaci. Pocdtec-
ni mésice byly pro prerazbu a provoz na povrchu znacné komplikované kviili nekolika nepriznivym faktoriim: (a) provoz vedlejsi koleje
¢ 1 béhem praci az do vyluky této koleje; (b) stabilita vyrubu musela byt po nékolik mésicii zajistovdana suchou smési strikaného betonu;
(c) povoleni trhacich praci nabylo prdvni moci asi dva mésice po zahdjeni razby, takZe do té doby se vyrub v pevnych granodioritech
rozpojoval pouze mechanicky tunelbagrem. Napjaty termin pro dokonceni prestavby ovlivnily dalsi neméné vyznamné uddlosti. Jednalo
se zejména o jeden nezavinény geologicky nadvylom v tunelu, dodatecné vybudovdni kotevniho prahu na blanenském portdlu s lanovymi
kotvami délky 45 m a o havdrii Brezovského vodovodu.

ABSTRACT

As part of the reconstruction of the track section between the towns of Adamov and Blansko, the single-track tunnel Blanensky No. 8/2,
mined between 1988 and 1992 using the ring method, was reconstructed. It was provided with a final lining made of reinforced concrete
and cast iron segments with a brick packing between the excavation and the lining. The composition of the tunnel lining proved insufficient
waterproofing. In winter, icicles, icefalls and frost heaves were formed inside the tunnel; the operation of the railway line was not smooth and
safe, which was one of the fundamental reasons for the proposal to reconstruct the tunnel. The design involved construction of completely
new primary and secondary linings with intermediate waterproofing. The initial months were quite complicated for re-excavation and
operations at the surface due to several adverse factors: (a) the operation of No. 1 siding during the works until the closure of that siding to
traffic; (b) the stability of the excavation had to be secured for several months by a dry process sprayed concrete; (c) the decision to permit
the blasting operations came into force about two months after the start of mining, so until then the excavation in the hard granodiorites
was only carried out mechanically with a tunnel excavator. The tense deadline for the completion of the reconstruction was affected by
other equally important events. In particular, this involved one unavoidable geological overbreak in the tunnel, the additional construction
of an anchoring plinth on the Blansko portal with 45m long cable anchors, and the accident of the Brezovsky water main.

1. POPIS TUNELU PRED PRESTAVBOU (1988-2021) 1. DESCRIPTION OF THE TUNNEL BEFORE

Tunel ¢. 8/2 byl vyraZen pro samostatné vedeni koleje ¢. 2, pro- RECONSTRUCTION (1988-2021)

toZe deformace a ndsledné sanace tunelu ¢. 8/1, provedené pred Tunnel No. 8/2 was excavated for the separate running of track
No. 2, because the deformation and subsequent rehabilitation of
tunnel No. 8/1, carried out before 1988, no longer allowed for
double-track operation in tunnel No. 8/1 (Fig. 1).
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Obr. 1 Prehlednad situace tunelii 8/1, 8/2 a Brezovského vodovodu Obr. 2 Litinove’ a Zelezobetonové tubingy, portdl P1 (Adamov)

Fig. I Lay-out of tunnels 8/1, 8/2 and Brezovsky water main Fig. 2 Cast iron and reinforced concrete lining segments, P1 portal (Adamov)
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rokem 1988, jiz v tunelu €. 8/1 neumoziovaly
puvodné dvoukolejny provoz (obr. 1).
Tunelova trouba razeného tunelu ¢. 8/2 byla
v celé délce kruhového prifezu vystrojena
montovanym osténim se svétlym primérem

tunelu provedeno z litinovych tubingll (typy
Moskva a Leningrad, Sitky 0,75 m, vZdy osm
kust plus klendkovy dil v kazdém prstenci,
dovoz SSSR). Ve stiedni ¢asti bylo osténi pro-
vedeno ze Zelezobetonovych tubingti pravde-
podobné jiz ¢eského vyrobce (obr. 2).

Dochazelo ke znaénym priasakim az teCe-
ni vody pfes osténi, a to predevSim v ¢astech
tunelu prochdzejicich mylonity na blanenské
strané. Vlhkost zptsobovala znacnou korozi
ocelovych spoji a v disledku mrazu se v mo-
nolitickych Zelezobetonovych castech osténi
tunelu zaroven objevovaly trhliny.

7,80 m, které bylo u obou koncovych casti N

pojistny prostof 300 mm
safety margin gpace 300mm

_osatunelu

tunnel axis

nové primarni osténi |‘Hew primary lining

|
nové sekundarni osténi new secondary lining

I
stévajici osténi z tubingl — bourana ¢ast
existing segmental linjng — demolished part

2. PROJEKT PRESTAVBY TUNELU

2.1 PFicny profil tunelu ve stupni DSP
a DzSD
Prestavba tunelu spocivala dle projektu ve
stupni projektové dokumentace pro stavebni
povoleni (DSP, SUDOP BRNO) v demolici

pivodniho montovaného osténi v celé délce
tunelu, zvétSeni svétlého kruhového profilu

Obr. 3 Pricny profil tunelu ve stupni DSP
Fig. 3 Tunnel cross-section at final design stage
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zdroj AMBERG Engineering Brno source AMBERG Engineering Brno

Obr. 4 Pri¢ny profil tunelu ve stupni DZSD
Fig. 4 Tunnel cross-section at DZSD stage

zdroj SUDOP BRNO source SUDOP BRNO

The tunnel tube of the mined tunnel No.
8/2 was lined along the entire length of the
circular cross-section with a segmental lining
with a finished diameter of 7.80m, which
consisted of cast-iron segments (Moscow
and Leningrad types, width of 0.75m, always
eight pieces plus a key in each ring, USSR
import) at both end parts of the tunnel. In
the central part, the cladding consisted of
reinforced segments, probably
already produced by a Czech manufacturer
(Fig. 2).

There were significant leaks and even
water flowing through the lining, especially
in the parts of the tunnel passing through
the mylonites on the Blansko side. Moisture
caused significant corrosion of steel joints,
and as a result of the frost, cracks appeared
in the monolithic reinforced concrete parts of
the tunnel lining at the same time.

concrete

2. TUNNEL RECONSTRUCTION DESIGN

2.1 Tunnel cross-section in the final
design and DZSD stage

The consisted,
according to the design at the stage of the
final design for building permit (SUDOP
BRNO), in the demolition of the original
segmental lining along the entire length of
the tunnel, the enlargement of the finished
circular profile from the original 7.80m to a

tunnel reconstruction




z puvodnich 7,80 m na priamér 8,75 m s tim, Ze nové osténi bude
dvouplastové s mezilehlou uzavienou izolaci. Svétly profil tunelu
se tak mél zvétsit z pivodnich 45,2 m? na 53,56 m?.

Na obr. 3 je zndzornén v DSP navrzeny pricny profil tunelu vcet-
né lice stavajictho osténi (vnitfni kruhova ¢ara). Tento kruhovy
profil s uzavfenou izolaci byl navrZen v celé délce tunelu (560 m)
véetné piesypanych portalovych dseki.

Sklonové a smérové poméry tunelu mohly byt zménény pouze
minimalné, nejednd se o tunel nové budovany, ale o prestavbu tu-
nelu na stavajici Zelezni¢ni trati, tzn. ve stejném misté a poloze.
RovnéZ maximalni rychlost zGstava, resp. je zvétsena z ptivodnich
105 km/h na 110 km/h pro vozy s nakldpécimi skiinémi.

Zhotovitel ve spolupraci s projektantem a autorem dokumentace
zmény stavby pfed dokoncenim (DZSD, AMBERG Engineering
Brno, a.s.) navrhl zménu pficného profilu tunelu (obr. 4) s ohle-
dem na jiz zndmé okolnosti. Pfedevsim se jednalo o (a) geologické
podminky Castecné jiZ zndmé z razby pivodniho tunelu mezi lety
1988 a 1992, (b) zplisob technologie vystavby konvencné raZzeného
tunelu a (c) harmonogram pro prestavbu tunelu souvisejici s mo-
dernizaci tratového useku Adamov—Blansko.

Pricny profil podkovovitého tvaru bez spodni klenby byl navrzen
po témér celé délce tunelu. Vyjimku tvoii cca 10 % délky tunelu,
kde je podkovovity profil tunelu navrzen se spodni klenbou, a to
v oblasti mylonitd na blanenském portale P2.

Zmeénou pricného profilu tunelu z kruhového na podkovovity
se snizily kubatury vybouraného stavajictho osténi (Cast tubin-
gl v pocvé byla ponechdna) a kubatury zvétSeni profilu (vyrub
v horning). Déle se znacné snizila kubatura nové zabudovaného
materidlu, coZz pfineslo objednateli vyznamnou financni dsporu.
Rovnéz pohyb stroji v podkovovitém profilu tunelu je snazsi nez
v razeném kruhovém profilu, kdy se pocva tunelu po vybudovani
protiklenby musi dosypavat do urcité vyskové urovné, aby se dala
pojizdét mechanismy.

2.2 Realizaéni dokumentace stavby (RDS)

N Y

2.2.1 Pricné rezy raZeného tunelu

Pro stanoveni geometrie primarniho osténi jsou urcujici vzoro-
vé pricné fezy razeného tunelu definované ve stupni ,,DZSD* jako
profil s patkami, profil s protiklenbou, a to jak v zdkladnim tvaru,
tak i se zachrannymi vyklenky v kazdém druhém tunelovém bloku
(kazdych 25 m). Minimélni tloustka definitivniho osténi tunelu je
300 mm ve vrcholu horni klenby. Smérem k paté tunelu se tloustka
osténi zvétsuje. Tloustka priméarniho osténi zavisi na technologické
tfid€ vyrubu, tj. 150 mm a 250 mm.

2.2.2 Hydroizolace a odvodnéni
Mezi primarnim a sekundarnim osténim je navrzeno hydroizo-
lacni souvrstvi v teoretické tloustce 20 mm sestivajici z geo-
textilie 500 g/m?* (vyjimecné 900 g/m?) a hydroizolacni félie tl.
2,1 mm. Jako material hydroizolace v tunelu byla pouzita folie
PVC-P Mapeplan TU WL 21 se zakoncenim u paty primarniho
osténi do prefabrikovaného prvku Sikaplan Drainage. Do néj
byla uloZena podélné perforovand PVC trubka @ 200 mm zasy-
pand kacirkem frakce 16/22 mm. Podélné odvodnéni bylo pficné
svedeno vzdy u zachranného vyklenku kazdého ctvrtého tunelo-
vého bloku (kazdych 50 m) z Cistici Sachty plnou PVC trubkou
@ 200 mm do pavodniho ponechaného stiedového Zlabu o rozmé-
rech 250 x 300 mm. Odtud byla voda gravita¢né odvedena smé-
rem k adamovskému portdlu P1. Vyklenky musely byt na pozada-
vek objednatele odvodnény zvlast rubovym drendZnim potrubim
@ 160 mm. Potrubi kopirovalo ptdorys vyklenku a bylo zatsténo
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diameter of 8.75m, with the fact that the new lining would be of
the double-shell type, with closed intermediate waterproofing. The
clear profile of the tunnel was thus to be increased from the original
45.2m? to 53.56m?.

Fig. 3 shows the tunnel cross-section proposed in the final design,
including the face of the existing lining (inner circular line). This
circular profile with closed waterproofing was designed for the
entire length of the tunnel (560m) including the false tunnel portal
sections.

The gradient and directional conditions of the tunnel could only
be changed minimally, it is not a case of a newly built tunnel, but a
reconstruction of the tunnel on the existing railway line, i.e. in the
same location and position. The maximum speed also remains, or
is increased from the original 105km/h to 110km/h for trains with
tilting bodies.

The contractor, in collaboration with the designer and the author
of the final design for construction change before completion,
Czech abbreviation DZSD (AMBERG Engineering Brno, a.s.),
proposed a change in the tunnel cross-section (Fig. 4) with regard
to the already known circumstances. These were primarily (a)
geological conditions partially already known from the the original
tunnel excavation between 1988 and 1992, (b) the construction
technique method of the conventional tunnel excavation and (c)
the schedule for the reconstruction of the tunnel related to the
modernisation of the Adamov—Blansko track section.

A horseshoe-shaped cross-section without an invert was designed
for the almost entire length of the tunnel. The exception is about
10% of the length of the tunnel, where the horseshoe profile of the
tunnel is designed with an invert, namely in the area of mylonites
at the Blansko portal P2.

By changing the tunnel cross-section from circular to horseshoe-
shaped, the volumes of the broken-out existing lining were reduced
(part of the segments at the bottom was left) and the volumes of
the profile enlargement (excavation in the rock). Furthermore, the
volume of the newly installed material was significantly reduced,
which brought significant financial savings to the client. Also,
the movement of machines in a horseshoe-shaped tunnel profile
is easier than in a mined circular cross-section, where the tunnel
bottom must be backfilled to a certain height level after the
construction of the invert in order to allow for driving the mechanical
equipment.

2.2 Construction final design

2.2.1 Mined tunnel cross-sections

To determine the geometry of the primary lining, the standard
cross-sections of the mined tunnel defined in the DZSD stage as
a profile with footings, a profile with an invert, both in the basic
configuration and with safety recesses in every other tunnel block
(every 25m) are decisive. The minimum thickness of the final
lining of the tunnel is 300mm at the top of the upper vault. Towards
the tunnel bottom, the lining thickness increases. The thickness of
the primary lining, 150mm and 250mm, depends on the excavation
support class.

2.2.2 Waterproofing and drainage

A waterproofing assembly with a theoretical thickness of
20mm, consisting of a geotextile 500g/m? (exceptionally 900g/m?)
and a waterproofing membrane with a thickness of 2.1mm is
designed. PVC-P Mapeplan TU WL 21 membrane was used
as the waterproofing material in the tunnel, fixed at the foot
of the primary lining in a pre-cast Sikaplan Drainage element.
A longitudinal perforated PVC pipe ¢ 160mm was placed in
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do hlavni podélné drenaze za vyklenkem ve sméru podélného spa- it, backfilled with 16/22mm fraction pea gravel. Longitudinal
du drenaZe. drainage was diverted transversely always at the safety recess in

Hydroizolaéni folie byla v podélném sméru ukoncena ve vzda- | every fourth tunnel block (every 50m) from the cleaning manhole
lenosti 0,5 m od dilatacni spary mezi faleSnym primarnim osténim | through a full PVC pipe ¢ 200mm into the original, left-in-place
a portdlovym pasem. Pod okraj folie byla jesté vlozena mikropo- | central trough with dimensions of 250x300mm. From there, the
rézni guma EPDM o rozmérech 50 x 10 mm a nasledng byl tento | Water was gravity-drained towards the Adamov portal P1. At the
okraj folie pfikotven nerezovym paskem 50 x 3 mm. client‘s request, the recesses had to be drained separately by a

V misté styki bloki sekunddrniho osténi byla hydroizolagni fo- | reverse drainage pipe ¢ 160mm. The pipe copied the ground plan

of the recess and was connected to the main longitudinal drainage
behind the recess in the direction of the longitudinal gradient of the
drainage.

The waterproofing membrane was terminated in the longitudinal
direction at a distance of 0.5m from the expansion joint between
the false primary lining and the portal block. A microporous
EPDM rubber strip 50x10mm was inserted under the edge of the
membrane, and then this edge of the membrane was anchored with

lie zesilena pruhem stejné folie o Sitce 0,5 m. Mezi portalovy blok
a prvni regulérni blok byl vloZen vnitini sparovy pds pro dilata¢ni
spary doplnény o extrudovany polystyren tl. 20 mm ve spafe, za-
tmeleny protipozarnim trvale pruznym tmelem.

Hloubené ¢asti tunelu jsou na vnéjSich stranach tunelového osté-
ni na obou koncich tunelu odvodnény do perforovanych trubek
@ 200 mm svedenych do Sachet umisténych pred portaly.

2.2.3 Vystrojovaci tiidy a 50x3mm stainless steel strip.
Pro prestavbu tunelu byly navrZeny C&tyfi vystrojovaci tfidy, tj. At the contacts of the blocks of the secondary lining, the

VT I az VI, kdy nejtézsi vystrojovaci tfida VT VI byla navrZena waterproofing membrane was reinforced with a 0.5m wide strip
v oblasti mylonitl se spodni klenbou, a to v délce 50 m na severni of the same membrane. An internal waterstop for expansion joints
stran& masivu blanenského portilu P2. Naopak leh&i vystrojovaci | Was inserted between the portal block and the first regular block.
tiidy VT III a IV byly navrZeny a aplikovany ze strany adamovské- | It was supplemented with 20mm thick extruded polystyrene in the

ho portdlu P1 v oblastech vyskytu pevného granodioritu. joint, and sealed with a fire-resistant, non-setting compound.
Délky zabéra v jednotlivych tfidach byly dény poctem uboura- The cut-and-cover parts of the tunnel are drained on the external
nych tubing, a to v rozmezi 1-3 prstence, tj. 0,75 m aZ 2,25 m pro surfaces of the tunnel lining at both ends of the tunnel into 200mm-
vystrojovaci tiidu VT VI az VT IIL. diameter perforated pipes connected to shafts located in front of
Jako zékladni prvky vystrojeni tunelu byly pouZity: the portals.
e stiikany beton C 20/25 obor J2 tloustky 150 mm a 250 mm; 2.2.3 Excavation support classes
e KARI sité 6/150 x 6/150; For the reconstruction of the tunnel, four excavation support
e HUS (hydraulicky upinané svorniky) nebo samozéivrtné ty¢e | classes were proposed, i.e. VT III to VI, where the heaviest support
typu R délky 4,0 m az 8,0 m; class VT VI with an invert was designed for the area of mylonites,
e ocelové svarfované pithradové nosniky BTX vysky 100 mm at a length of 50m on the northern side of the massif, at the Blansko
a 150 mm; portal P2. On the contrary, the lighter support classes VT III and IV
¢ injektované samozavrtné jehly R32 v délkdch 4 m a 6 m. were designed and applied to the Adamov portal P1, in the areas of
Prognéza vystrojovacich tfid uvedenych v RDS se shodovala | the occurrence of hard granodiorite.
naprosto pfesné se skutecnosti pro vystrojovaci tfidy VT III a VI The lengths of the excavation rounds in the individual support

v oblasti zdravych granodioritli na jiZzni strané masivu a mylonitd | classes were given by the number of the segments removed, within
na severni stran& masivu. Délky tsekd ve VT IV a 'V se ligily oproti | the scope of 1-3 rings, i.e. 0.75m to 2.25m for the support classes

predpokladu v ramci prvnich desitek procent. VT VIto VT IIL
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Fig. 5 Geological cross-section, quasi-homogeneous units




Rozsah pouziti jednotlivych vystrojovacich tfid nebo prvkl
v ramci vystrojovaci tfidy byl zavisly na geotechnické prognoze
stability vyrubu a vysledcich geotechnickych méfeni na stavbé.
Vystrojovaci tfidy bylo mozné po dohodé s odpovédnymi zéstupci
zadavatele, projektanta a zhotovitele upravit podle redlné zastiZe-
nych geotechnickych podminek pfi razbé, napt. ipravou délky za-
bért, mnozstvi a pozice radidlnich svorniki a jehel.

3. GEOLOGICKE A HYDROGEOLOGICKE POMERY

3.1 Geotechnické sledovani v priibéhu vystavby

Tunel ¢. 8/2 byl v letech 1988 az 1992 vyraZen pfevazné v gra-
nodioritech brnénského masivu s riznym stupném zvétrani a tekto-
nického poruseni. Pfitoky podzemni vody pfirodniho piivodu byly
vétsinou nizké, granodiority byly z velké Casti suché, pripadné
vlhké na puklindch, pouze misty se vyskytovaly dkapy, pfipadné
lokalni plo$né zavlhnuti.

Z geotechnického hlediska byly podminky prerazby kromé nad-
vylomu v TM 459 a tsekl s mylonity relativné bezproblémové.
Mylonity vytvarely prostiedi geologicky velmi nepfiznivé. Pod-
zemni voda pfirodniho pivodu se omezila pouze na poruchova pas-
ma a na puklinové systémy prevazné ve formé lokalniho zavlhnuti
lice vyrubu.

Na zédkladé skutecné zjisténych inZenyrskogeologickych pomért
byla razena ¢ast tunelu rozdélena na osm kvazihomogennich celkil,
které predstavuji useky tunelu, kde maji horniny podobné geotech-
nické vlastnosti (obr. 5).

4. PRUBEH VYSTAVBY TUNELU

4.1 Casovy sled €innosti

Na pfestavbu tunelu vCetné zafizeni a vyklizeni staveni$té bylo
vyhrazeno ¢asové obdobi mezi zaifim 2021 a prosincem 2022. To
bylo obdobi, kdy byl vyloucen provoz na koleji €. 2 (tab. 1). Kolej
¢. 1 vedena tunelem ¢. 8/1 byla vyloucena z provozu aZ od polo-
viny prosince 2021. Do té doby probihaly prace na tunelu ¢. 8/2

Tab. 1 Casovy prehled &innosti
Tab. 1 Time-related survey of activities
2020

Rok/€innost Year/activity 2021
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The following basic elements of the tunnel excavation support
were used:

¢ Shotcrete C 20/25, J2 curve, 150mm and 250mm thick;

¢ KARI mesh 6/150x6/150;

e HUS (hydraulically expanded rockbolts) or R-type self-

drilling rockbolts 4.0m to 8.0m long;

* BXT steel welded lattice girders 100mm and 150mm high;

* Grouted self-drilling spiles R32, 4m and 6m long.

The prediction of the excavation support classes listed in the final
design coincided exactly with the reality for support classes VT
IIT and VI in the area of fresh granodiorites on the southern side
of the massif and mylonites on the northern side of the massif.
The lengths of the sections in classes IV and V differed from the
assumption within the first tens of percent.

The extent of the use of individual support classes or elements
within the excavation support class was dependent on the
geotechnical forecast of the excavation stability and the results
of geotechnical measurements at the construction site. After
agreement with the responsible representatives of the client, the
designer and the contractor, the support classes could be adjusted
according to the geotechnical conditions actually encountered
during excavation, e.g. by adjusting the length of excavation
rounds, the number and position of radial rockbolts and spiles.

3. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

3.1 Geotechnical monitoring during the course
of construction work

Tunnel No. 8/2 was excavated between 1988 and 1992 mainly in
granodiorites of the Brno massif with varying stages of weathering
and faulting. Groundwater inflows of natural origin were mostly
low, the granodiorites were mostly dry, or wet on cracks; only in
places there were drips, or local surface wetting.

From a geotechnical point of view, the excavation conditions were
relatively problem-free except for the overbreak in tunnel chainage
TM 459 and the sections with mylonites. Mylonites created a

zdroj autor source author
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Closing track No. 2 to traffic

Razba a realizace primarniho osténi
Excavation and construction of
primary lining

Vyluka koleje €. 1
Closing track No. 1 to traffic

Povoleni trhacich praci
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Construction of secondary lining

Vybaveni tunelu
Fitting out of tunnel

Dokonéeni stavby
Completion of construction

Zahéjeni provozu
Commencement of operation
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za provozu koleje €. 1 se sniZenou rychlosti projizdéjicich vlaka.
V poloviné zafi roku 2021 bylo zapocato s pracemi na vybudovani
zafizeni stavenisté vCetné pristupovych cest k obéma portalim sta-
vajictho tunelu. V fijnu 2021 se zacaly bourat betonové monolitic-
ké portély tunelu P1 a P2 vcetné ¢asti tunelu z litinovych tubingg.
Koncem fijna byl vybudovan vysunuty tubus z faleSného primarni-
ho osténi ve venkovni ¢asti adamovského portalu v délce cca 13 m,
ktery pozdéji slouzil jako kontrabednéni pro betondz sekundarniho
osténi. Prace na raZbach zapocaly 6. listopadu 2021 smérem od
adamovského portalu P1 dovrchné a byly ukonceny tsekem s pro-
tiklenbou na blanenském portalu P2 dne 26. srpna 2022.

Betonaz sekundarniho osténi byla zahdjena betondzi zaklado-
vych past dne 30. dubna 2022 ze strany adamovského portalu P1.
S odstupem dvou mésicu, dne 21. ¢ervna 2022, byla zahdjena be-
tondz horni klenby rovnéz ze strany adamovského portdlu. Beto-
naz klenby byla ukoncena na stran¢ blanenského portalu P2 dne
10. fijna 2022.

Po pfesunu bednici formy zpét k portalu P1 (formu nebylo moz-
né z prostorovych diivodi demontovat u portilu P2) byla provede-
na pochozi vrstva sluZebnich chodnikl véetné osazeni poklopi na
stfedové i bocnich drendZich a nétér bezpeCnostniho znaceni v tu-
nelu. Veskeré stavebni prace byly ukonceny 5. listopadu 2022 a tu-
nel byl pfedan zhotoviteli Zelezni¢niho svr§ku. Zkusebni provoz na
obou kolejich byl zahdjen 14. prosince 2022.

4.2 Razba a primarni osténi

Stavajici tunel byl prerdZen, tzn. zvétSovan, pficemz na razbu
a primarni osténi byly aplikovany principy Nové rakouské tune-
lovaci metody. JelikoZ se jednalo o prestavbu stdvajictho tunelu
s osténim provedenym z betonovych a litinovych tubingti, musely
byt tyto prvky nejprve demontovany. Nasledné se pfistoupilo k sa-
motnému zvétSovani profilu po obvodu vyrubu, ktery byl tvoren
prevazné cihelnou zakladkou prolitou cementovou zalivkou (pfi-
padné v kombinaci s bentonitem) a horninovym masivem (obr. 6).

V predstihu pred samotnym bourdnim tubingll se ve stavajicim
osténi provedly témér v celé délce tunelu po obou stranich dva
podélné fezy v mistech budoucich pat projektovaného nového se-
kundarniho osténi. Byly zvoleny tak, aby se horni ¢ast osténi nad
fezem mohla snadnéji vybourat a ¢ast pod fezem, ktera de facto
predstavovala spodni klenbu, se nepoSkozend ponechala vcetné
sttedového odvodriovaciho Zlabu. Podélné fezy byly vedeny pod
thlem cca 45°, na hloubku osténi 0,5 m a v délce dvakrat cca

zdroj T. Just source T. Just
Obr. 6 Pivodni zaklddka z cihel za montovanym osténim ze Zb. tubingii
Fig. 6 Original brick packing behind reinforced concrete segmental lining

Tuel

geologically very unfavourable environment. Groundwater of
natural origin was limited only to fault zones and fissure systems
mainly in the form of local wetting of the internal face of the
excavation.

Based on the actual engineering geological conditions, the mined
part of the tunnel was divided into eight quasi-homogeneous units,
which represent sections of the tunnel where the rocks have similar
geotechnical properties (Fig. 5).

4. TUNNEL CONSTRUCTION PROCESS

4.1 Timing sequence of operations

A period of time between September 2021 and December 2022
has been designated for the reconstruction of the tunnel, including
equipment and evacuation of the construction site. This was the
period when track No. 2 was excluded from operation (Table 1).
Until then, work was being carried out on tunnel No. 8/2 during
the operation of track No. 1, with a lowered speed of passing the
trains. In mid-September 2021, work began on the development
of construction site facilities, including access roads to both
portals of the existing tunnel. In October 2021, the demolition of
monolithic concrete portals of tunnels P1 and P2, including parts
of the tunnel lined with cast iron segments, began. At the end of
October, a protruding tube of false primary lining was constructed
in the approximately 13m long external part of the Adamov portal,
which later served as counter-formwork for the concreting of
the secondary lining. Excavation work began on November 6,
2021, uphill from the Adamov portal P1, and was completed by
the section with an invert at the Blansko portal P2 on August 26,
2022.

The concreting of the secondary lining started on April 30, 2022
by the concreting of the strip foundation from the Adamov portal
P1. Two months later, on June 21, 2022, the concreting of the upper
vault also started from the Adamov portal side. The concreting of
the vault was completed on the side of the Blansko portal P2 on
October 10, 2022.

After moving the formwork back to the P1 portal (the formwork
could not be dismantled at the P2 portal due to space-related
reasons), the service walkway layer capable of walking traffic was
carried out, including the installation of covers on the central and
side drains and the painting of safety markings in the tunnel. All
construction work was completed on November 5, 2022 and the
tunnel was handed over to the contractor for the installation of
trackwork. Trial operation on both tracks was started on December
14, 2022.

4.2 Excavation and primary lining

The existing tunnel was re-excavated, i.e. enlarged, while the
principles of the New Austrian Tunnelling Method were applied
to the excavation and primary lining. Since it was a reconstruction
of an existing tunnel lined with concrete and cast iron segments,
these elements had to be dismantled first. Subsequently, the work
proceeded by enlarging the cross-section around the excavation
perimeter, which consisted mainly of a brick packing between the
rock massif, filled with cement grout (possibly in combination with
bentonite) (Fig. 6).

In advance of the actual demolition of the lining segments, two
longitudinal cuts were carried out in the existing lining along
almost the entire length of the tunnel on both sides in the places
of the toes of the future new secondary lining. The cuts were
chosen so that the upper part of the lining above the cut could be




Tuel

500 m. Ve zbylém useku dlouhém cca 60 m (z celkovych 560 m)
se pivodni tubingové osténi vybouralo kompletné a bylo nahra-
zeno novym sekundarnim monolitickym osténim s novou spodni
klenbou.

Prerazba zapocala zaCatkem listopadu 2021, pri¢emz povoleni
k trhacim pracim bylo vydano aZ pocatkem ledna nasledujiciho
roku. Znamenalo to, Ze prvni dva mésice razeb (provedeno v nich
bylo cca 95 m) byly odkdzany na mechanické, resp. strojni roz-
pojovani okoli vyrubu hydraulickym kladivem. Touto technologii
bylo dosahovano vyrazné nizsich vykont oproti naslednému roz-
pojovani za pomoci trhacich praci. Nésledujicich cca 350 m (po
TM 455) byl tunel pferdZen jiz za pomoci trhacich praci, z ¢ehoz
cca 300 m ve vystrojovaci tfidé VT III a cca 57 m ve vystrojovaci
tfidé VT IV. Od TM 455 az do konce tunelu byl tunel prerdzen
opé€t pouze mechanicky tunelbagrem, a to zejména kvuli dvéma
aspektiim: (a) minimalizaci seismickych u¢inkd vici Bfezovskému
vodovodu nad tunelem, (b) pfechodu do pdsma mylonitizovanych
granodioritd (vystrojovaci tfida VT V) a samotnych mylonitd (cca
55 m ve vystrojovaci tfidé VT VI). Pro pferazbu v mylonitech ne-
bylo nutné trhaci prace pouZivat.

Z hlediska bezpecnosti razeb lze konstatovat, Ze jedinym rizi-
kovym okamZikem byl Casovy tsek nezabezpeceného, otevieného
vyrubu. Tim, Ze se tunel ,,pouze* prerazel, nebylo nutné se zabyvat
stabilitou Celby, ale pouze stabilitou zakladky a minimalni plochy
rostlé horniny mezi plivodnim vyrubem a soucasnym zvétSenym
profilem. Komplikaci, kterd se béhem pferazby projevovala, byly
nadvylomy nekvalitné vyplnéné pfi pivodni razbé z let 1988 az
1992. Jedna takova vypli byla zastiZzena 17. kvétna 2022 v TM
458, kdy doslo k poruseni a vytlaceni levého boku primérniho

Obr. 7 Nadvylom 17. 05. 2022
Fig. 7 Overbreak 17. 05. 2022
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demolished more easily, and the part below the cut, which de facto
represented the invert, remained undamaged, including the central
drainage trough. The longitudinal cuts were carried out at an angle
of ca 45°, to a depth of the lining thickness of 0.5m and at a length
of twice ca 500m. In the remaining section, ca 60m long (out of the
total length of 560m), the original segmental lining was completely
demolished and replaced by a new secondary monolithic lining
with a new invert.

The re-excavation started at the beginning of November 2021,
while the permit for blasting operations was not issued until
the beginning of January of the following year. It meant that
the first two months of excavation (ca 95m were carried out)
were dependent on mechanical breaking of rock surrounding
the excavation with a hydraulic breaker. With this equipment,
significantly lower outputs were achieved compared to subsequent
breaking using blasting. The following ca 350m (beyond TM 455)
the tunnel was re-excavated using blasting. The length of ca 300m
of that length was excavated in excavation support class VT III and
ca 57m in the support class VT IV. From TM 455 to the tunnel
end, the tunnel was re-excavated again only mechanically using a
tunnel excavator, mainly due to two aspects: (a) minimisation of
seismic effects on the Bfezovsky water main above the tunnel, (b)
the transition to the zone of mylonitised granodiorites excavation
support class VT V) and mylonites themselves (ca 55m in support
class VT VI). Blasting was not necessary for the re-excavation in the
mylonites.

From the point of view of excavation safety, it can be stated that
the only risky moment was the period of dangerous, unsupported,
open excavation. Due to the ,,only* re-excavation of the tunnel, it
was not necessary to deal with the stability of the excavation face,
but only with the stability of the packing and the minimal area of
the natural rock between the original excavation and the current
enlarged profile. The complication that manifested itself during the
re-excavation consisted in the overbreaks poorly backfilled during
the original excavation between 1988 to 1992. One of such backfills
was encountered on May 17, 2022 in TM 458, when the left-hand
side of the primary lining failed and was pressed about 400mm
into the tunnel, including the falling of about 30m® of rubble (see
Fig. 7).

The already completed primary lining had to be demolished and
replaced with a new one in a length of 10m, only on the left side
and in the crown of the tunnel. The right-hand side of the primary
lining was only reinforced by radial rockbolts. The left-hand side
was completely reconstructed by connecting new BTX lattice
girders in the top of the vault to the part of the frames left in place
on the right side. This gave rise to a new primary lining of the entire
left half of the profile, including tying to the rock face.

Subsequent procedures were already taking place in the higher
excavation support class VT V, in which self-drilling IBO rockbolts
replaced hydraulically expanded rockbolts of the same length of
4m. The two tiers of bolts at the bottom of the excavation were
again made up of 6m long IBO rods. Spiles were also installed in
VTV, initially 4m long with a shorter excavation round, then 6m
long with a longer round. The last 50m passed to the support class
VT VI with the excavation round 0.75m long, with spiles 6m long,
radial rockbolts 6m long, 8m long at the bottom. Here, the primary
lining was carried out with a thickness of 250mm and with closing
the invert after 6m (Fig. 8). Using this procedure, the tunnel was
completed without other complications.

The average daily advance rates for re-excavation and installation
of primary lining in individual support classes fluctuated around:
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systémoveé svorniky
O R32dl.5m
systematic rockbolts
1BO R32, 5m long

primarni osténi ds = 250 mm
primary lining 250mm thick
stfikany beton SB285 J2

_ shotcrete SC285 J2

2x KARI sit @ 6/150/150 mm
2x KARI mesh@ 6/150/150mm

[
pfihradovy ram typ 2
+ protiklenba
lattice girder type 32 + invert

Obr. 8 Vystrojovaci tiida VT VI v oblasti mylonitii
Fig. 8 Excavation support class VT VI in the area of mylonites

osténi o cca 400 mm dovniti tunelu veetné vysypani cca 30 m? suté
(viz obr. 7).

JiZ hotové primarni osténi bylo nutno vybourat a nahradit novym
v délce 10 m, a to pouze na levé strané a v pristropi. Prava strana
priméarniho osténi byla pouze posilena radidlnimi svorniky. Leva
strana byla kompletné pfebudovanad napojenim novych piihrado-
vych ramt BTX ve vrchliku klenby na ponechané ¢asti rdmu na
pravé strané. Tim vzniklo nové primarni osténi celé levé poloviny
profilu v¢etné prikotveni.

Nasledné postupy uZ probihaly ve vyssi vystrojovaci tfidé VTV,
ve které samozavrtné IBO tyCe nahradily hydraulicky upinané
svorniky stejné délky 4 m. Spodni dvé fady svornikti u paty vyrubu
tvorily opét IBO tyce délky 6 m. Taktéz byly osazeny jehly ve VT
V, zpocatku délky 4 m s krat§im zabérem, posléze délky 6 m s del-
§im zébérem. Poslednich 50 m pfipadlo vystrojovaci tfidé VT VI
se zabérem 0,75 m, s jehlami délky 6 m, radidlnimi svorniky délky
6 m a v pat€ 8 m. Primarni osténi zde bylo provedeno v tloustce
250 mm a s uzaviranim spodni klenby po 6 m (obr. 8). Timto po-
stupem byl tunel dokoncen bez dalsich komplikaci.

Primérné denni postupy pro prerazbu a instalaci primarniho
osténi v jednotlivych vystrojovacich tfidach se pohybovaly nésle-
dovné: 0,90 m/den ve VT VI, 1,15 m/den ve VT V, 1,75 m/den ve
VT IV a 2,25 m/den ve VT II1.

4.3 Brezovsky vodovod

Bfezovsky vodovod je jednim ze tfi zdroja pitné vody obsluhu-
jicich mésto Brno. Byl vybudovany v roce 1913 a kfizuje padorys-
né trasu tunelu od stani¢eni TM 480 aZ po TM 505 ve vySce cca
25 m nad vrcholem klenby tunelu. Dne 13. ¢ervna 2022 doSlo pfi
povrchu svahu v blizkosti blanenského portalu P2 k havarii tohoto
vodovodu. Litinové potrubi o priméru 600 mm chrlilo na svahu
u portalu P2 asi dvé hodiny pitnou vodu a ta z¢asti pronikla i do
tunelu (obr. 9). Z vétsi Casti nastésti tekla voda na most a z néj do
feky Svitavy. Jelikoz se jednalo o mimotadnou udélost ve smyslu
banskych predpist, byly informovany a na misto povolany zasaho-
vé slozky podle pohotovostni ¢asti havarijniho planu.

Tunelové osténi bylo zkontrolovano za ucasti zavodniho, inspek-
tora barniského tradu i projektanta a bylo konstatovano, Ze je mozZno

injektované jehly R 32N a 0,25 m
dl. 6 m nebo bet. vyztuz @ 32
tfidy B500

grouted spiles R 32N a 0.25m,

6m long or concrete reinforcement

1

0.90m/day in VT VI, 1.15m/day in VT V,
1.75m/day in VT IV and 2.25m/day in VT IIL.

4.3 Brezovsky water main
The Bfezovsky water main is one of the

three sources of drinking water serving the
city of Brno. It was built in 1913 and crosses

bars. @32, B500 grade

IBOR32dl.5m
systematic rockbolts
IBO R32, 5m long

o —r — ¥ —
e s L d B : 4 4
- ¥ systémové svorniky

the tunnel route from chainage TM 480 to
TM 505 at a height of ca 25m above the top
of the tunnel vault. On June 13, 2022, an
accident of this water main occurred at the
surface of the slope near the Blansko portal
P2. Potable water flowed from the cast-iron
pipe with a diameter of 600mm on the slope
near the P2 portal for about two hours, and
some of it also penetrated into the tunnel
(Fig. 9). Fortunately, the major part of the
water flowed to the bridge and from it to the
Svitava river. Since it was an extraordinary
event in the sense of the mining regulations,
emergency services were informed and called
to the scene according to the emergency part
of the emergency plan.

The tunnel lining was checked with the
participation of the mine manager, the inspector of the Czech
Bureau of Mining and the designer, and it was stated that the
continuation of the re-excavation was possible. Before, it was
necessary to clean the tunnel floor from mud in about half the tunnel
length, for 24 hours. The repair of the water main was taken care
of by its operator. It was carried out on the surface independently
of the underground operations. Up until the time of the accident,
water had constantly flowed through the original lining in certain
tunnel sections in a constant amount throughout the year. After the
repair of the water main, until the end of the re-excavation, these
water leaks through the existing lining gradually stopped.

—

4.4 Anchoring of the slope above the P2 portal

The slope above the Blansko portal P2, made up of loamy-
rock sediments with a content of clay fraction, exhibited slope
deformations already during the construction of the tunnel
between 1988 and 1992. It is above this slope where the already
mentioned Bfezovsky water main runs. Even the builders of the
tunnel at the time encountered the instability of the rock massif at

Obr. 9 Zatopeny tunel po havdrii Bfezovského vodovodu
Fig. 9 Water-glogged tunnel bottom after Brezovsky water main accident




pokracovat v prerazbach. Predtim bylo nutné 24 hodin ¢istit po¢vu
tunelu od blata zhruba v poloviné délky tunelu. Oprava vodovodu
byla zajisténa jeho provozovatelem a probihala na povrchu nezavis-
le na pracich v podzemi. Do okamziku havdrie ptes puvodni osténi
v urcitych usecich tunelu neustéile protékala voda v konstantnim
mnozstvi, a to béhem celého roku. Po opravé vodovodu az do kon-
ce prerazeb tyto prusaky vody pres stavajici osténi postupné ustaly.

4.4 Zakotveni svahu nad portalem P2

Svah nad blanenskym portdlem P2, tvofeny hlinitokamenitymi
sedimenty s obsahem jilové frakce, vykazoval jiZz béhem budo-
vani tunelu v letech 1988 az 1992 svahové deformace. Pravé nad
timto svahem vede jiZ zminény Biezovsky vodovod. O nestabilité
horninového masivu u blanenského portdlu v oblasti porusenych
mylonitl se presvédcili i tehdejsi stavitelé tunelu. Béhem razby
prizkumné Stoly ze strany blanenského portalu ji po nékolika de-
sitkdch metrd po zavalu museli obejit novou Stolou a napojit se do
planované trasy tunelu aZ cca 80 m od blanenského portélu. Projek-
tant RDS chtél predejit moznym rizikiim a komplikacim, souvise-
jicim s pferazbou tunelu a pripadnou aktivaci svahovych nestabilit,
navrhl proto dodatecné zajisténi svahu proti pfipadnému sesuvu
lanovymi kotvami. Byly navrZeny celkem dvé€ trvalé dvoupramen-
cové kotvy o délkach 45 m s kofeny dlouhymi 15 m, upnutymi
v pevnéjsi horniné mimo porusené mylonity. Kotvy byly upnuty
v hlavach pfes novy betonovy kotevni préh o Sifce 8,6 m, vysce
3,5 m atloustce 1,0 m (obr. 10) pevnostni tfidy betonu C30/37. Kot-
vy byly pfedepnuty silou pouze n€kolika tun (20 kN) s tim, Ze by se
v piipadé aktivace sesuvu samy dopnuly. Pfed kone¢nym upnutim
hlav byly testovany s postupnym napinanim po dobu 60 min azZ na
hodnotu zkusebni sily cca 200 kN. Kotevni prah byl proveden jako
sprazeny se stavajicim betonovym prahem vybudovanym mezi lety
1988 a 1992 jako opatfeni proti vzniku sesuvu. Soucasti vybudo-
vani kotevniho prahu byla také doc¢asna néjezdova rampa o Sifce
4,0 m. Ta vedla v extrémné prudkém svahu nad portél tunelu a byla
ukoncend pracovni plochou o rozmérech 7,0 m x 10,0 m ve vysce
cca 6 m nad portalem tunelu.
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Obr. 11 Pojizdné ocelové bednéni pro betondZ horni klenby
Fig. 11 Mobile steel traveller formwork for concreting the upper vault
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Fig. 10 Anchored reinforced concrete block above Blansko portal P2

the Blansko portal in the area of fractured mylonites. During the
excavation of the exploratory gallery from the Blansko portal side,
after a few tens of meters beyond the collapse, it was necessary to
bypass it by a new gallery and connect the gallery to the planned
tunnel route ca 80m from the Blansko portal. The author of the
final design wanted to prevent possible risks and complications
related to the tunnel excavation and the possible activation of
slope instabilities, so he proposed additional protection of the
slope against possible landslides with cable anchors. A total of
two permanent 45m long double-strand anchors with 15m long
roots, clamped in harder rock outside the fractured mylonites,
were designed. The anchors were clamped in the heads through
a new concrete anchoring plinth 8.6m wide, 3.5m high and 1.0m
thick (Fig. 10), concrete strength grade C30/37. The anchors were
pre-tensioned with a force of only a few tonnes (20kN), with the
understanding that they would additionally tension themselves in
the event of a landslide activation.
Before the final clamping of the
heads, they were tested with gradual
tensioning for 60min, with the
testing force value up to ca 200kN.
The anchoring plinth was carried
out as a composite structure locked
together with the existing concrete
plinth built between 1988 and 1992
as a measure against origination
of landslides. A temporary 4.0m
wide on-ramp was also part of
the anchoring plinth construction.
This ran on an extremely steep
slope above the tunnel portal and
was terminated by a working area
with dimensions of 7.0x10.0m at
a level of ca 6m above the tunnel
portal.

4.5 Secondary lining

The construction completion
deadline was firmly set by closing
of the line for traffic to December,
14, 2022. Due to initial problems
on the construction site, it was

necessary to start concreting of the
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Obr. 12 Pfiprava pro armovdni a betond? zdkladového pdsu
Fig. 12 Preparation for installation of reinforcement and concreting of a foun-
dation strip

4.5 Sekundarni osténi
Termin dokonceni stavby byl pevné stanoven vylukou provozu
trati na 14. prosince 2022. Kvuli poc¢ate¢nim problémim na stavbé
bylo nutné zapocit s betonazi sekundarniho osténi dfive, neZ mohlo
byt dokonceno primarni osténi. BetonaZ sekundarniho osténi pro-
bihala ve stejném sméru jako razba, tedy od adamovského k bla-
nenskému portalu. Za soubéhu praci byly nejprve prohlubovany
zakladové spary pro armovéni a betondz zakladovych past. Kvili
zachovani dostatecné Sitky dopravni obsluzné cesty pro betondze
a soucasnou razbu se zdkladové pasy betonovaly stfidavé na jedné
nebo druhé strané tunelu. V dobé nasazeni pojizdného ocelového
bednéni od firmy Ostu Stettin (obr. 11) pro prvni bloky horni klenby
jiz prijezd tunelem ze strany adamovského portalu nebyl mozny.

Odvoz rubaniny a betonové suti v¢etné zasobovani materidlem
proto byly realizovany ze strany
blanenského portalu, a to i za cenu
stisnénych prostor a zajiStovani pra-
jezdu jinym stavebnim firmam pra-
cujicim na tomtéz tratovém useku.
Prace na prerazbach a betonaZzi horni
klenby, tedy na dvou oddé€lenych sa-
mostatnych pracovistich, trvaly dva
mésice.

Projektantem RDS byl tunel roz-
délen na celkem 46 blokd defini-
tivniho osténi se standardni délkou
bloku 12,5 m (bloky 1 aZ 44) vyjma
bloku portidlovych (P1 a P2) s délka-
mi 5,3 m a 5,5 m. Celkem bylo po
délce tunelu navrZzeno 21 pari vstiic-
né umisténych vyklenkl ve vzajem-
nych vzdalenostech 25 m. Betony
horni klenby, zakladovych past
a protiklenby bloku tunelu P1, 1, 44
a P2 byly navrZeny z vodostavebni-
ho betonu odolného proti prasakiim
C 30/37 se stupni vlivu prostiedi
XC4, XAl, XF1. Ostatni betony
klenby, zakladovych past a proti-
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secondary lining before the primary lining could be completed. The
concreting of the secondary lining proceeded in the same direction
as the excavation, i.e. from the Adamov portal toward the Blansko
portal. With the work operations proceeding simultaneously, the
base levels were first deepened for placing reinforcement and
concreting of the foundation strips. In order to maintain a sufficient
width of the transport service way for concreting and simultaneous
excavation, the foundation strips were concreted alternately on
one side of the tunnel or the other. When the mobile steel traveller
formwork manufactured by the company of Ostu Stettin (Fig. 11)
was installed for the first blocks of the upper vault, passage through
the tunnel from the Adamov portal was no longer possible.

The removal of muck and concrete debris, including the supply
of material, was therefore carried out from the Blansko portal side,
even at the cost of cramped spaces and providing passage for other
construction companies working on the same track section. The
work on the re-excavation and concreting of the upper vault, i.e. at
two separate workplaces, took two months.

The author of the final design divided the tunnel into a total of
46 blocks of final lining with a standard block length of 12.5m
(blocks 1 to 44), with the exception of portal blocks (P1 and P2)
with the lengths of 5.3m and 5.5m. A total of 21 pairs of recesses
were designed along the tunnel length, to be directly opposite
each other at the spacing of 25m. The concret of the upper vault,
foundation strips and inverts of the tunnel blocks P1, 1, 44 and P2
were designed to be from seepage-resistant hydraulic construction
concrete C 30/37 with the stages of environmental influence XC4,
XAl, XF1. The other concrete of the vault, foundation strips
and invert of blocks No. 2-43 was designed in strength grade C
30/37 with environmental influence stages XC3, XA1, XF1. The
secondary lining of the upper vault was designed unreinforced
in almost entire tunnel length of 560m. The two blocks of the
upper vault on the Adamov portal side and five blocks of the
upper and lower vault on the Blansko portal side in the area of
fractured mylonites were exceptions. The vault of the secondary

klenby blokt ¢. 2—43 byly navrZeny
v pevnostni tfidé C 30/37 se stupni

Obr. 13 Armovany tisek horni klenby s hydroizolaci
Fig. 13 Reinforced concrete section of the upper vault with waterproofing
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Obr. 14 Adamovsky portdl P1 po prestavbé, prosinec 2022
Fig. 14 Adamov portal P1 after reconstruction, December 2022

vlivu prostiedi XC3, XAl, XFI1. Sekundarni osténi horni klenby
bylo navrZeno nevyztuZené v témér celé délce tunelu 560 m. Vy-
jimkou byly dva bloky horni klenby ze strany adamovského portdlu
a pét blokd horni a spodni klenby na strané blanenského portalu
v oblasti porusenych mylonitl. Klenba sekundarniho osténi vyztu-
Zenych pasid je vyztuZena pro omezeni vzniku trhlin. Zdkladové
pasy a vyklenky byly armovany vZdy.

Vykopy pro zékladové pasy a uloZeni podkladniho betonu tii-
dy C 12/15 X0 se provadély v predstihu cca 1,5 mésice pred sa-
motnym vazanim armatury a betondzi zékladovych pasi. Zahajeni
vykopti pro zdkladové pasy zapocalo jiZz v poloviné dubna 2022
ze strany adamovského portdlu. Pro podélny drenazni systém byly
pouzity prefabrikované PVC dilce SikaDrainage, které se poklada-
ly na vyspadovany podkladni beton. Ty byly ukotveny do spravné
pozice proti posunuti a nasledné do nich byly osazeny perforova-
né PVC drendzni trubky @ 200 mm zasypané posléze kacirkem
frakce 16/22 mm. Boc¢ni bednéni pro betondz zakladovych past
tvorily z jedné strany Sikmina vytvorend fezem v tubincich ptivod-
niho osténi tunelu v kombinaci se svislymi bednicimi dilci od fir-
my PERI. Z druhé strany tvofila bednéni svisld st€na plastového
prefabrikovaného dilce. Do takto pfipraveného prostoru se vkla-
daly armokoSe, kabelové chranicky a beton pro zdkladové pasy
(obr. 12).

Hmotnost jednoho armokose pro zdkladové pésy se pohybovala
mezi cca 1,9 t azZ 2,5 t podle typu bloku bez/s vyklenkem. Hmot-
nost vazané vyztuze spodni klenby cinila kolem 8 t na 1 blok.

Profilace a izolace horni klenby probihaly v pfedstihu pouze
nékolika blokl pfed betonazi horni klenby az na vyztuzené blo-
ky horni klenby, kterych bylo v celkovém poctu pouze 2+5 bloka
(obr. 13).

Vyztuz horni klenby byla navrZena pro portalové i vnitini tunelo-
vé bloky samonosnd z pfihradovych ramia doplnénych na vnitfnim
a vnéjsim lici o KARI sité a volnou dopliikovou vyztuz. Hmot-
nost armatury horni klenby bloka (P1 a 1) na adamovském portale
v oblasti pevnych granodioriti byla cca 5 t, resp. 7 t na 1 blok.
Na blanenském portdle ¢inila hmotnost armatury horni klenby
pro bloky 41 az 44 cca 12 t na 1 blok. V dobé betondZe prvni-
ho bloku horni klenby dne 21. ¢ervna 2022 byly zdkladové pasy
vybetonovany zhruba do poloviny délky tunelu. Betonaze dal$ich
bloki horni klenby pokracovaly téméf pravidelné v cyklu dvou

dni az do ukonceni praci. Pro betondz horni klenby bylo klicové
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lining of the reinforced blocks is reinforced so that the occurrence
of fissures is limited. Foundation strips and niches were always
reinforced.

The excavation for the foundation strips and placement of the C
12/15 X0 grade blinding concrete was carried out ca 1.5 months in
advance of the actual tying-up of the reinforcement and concreting
of the foundation strips. The excavation for the foundation strips
already started in mid-April 2022 from the Adamov portal. Pre-
cast SikaDrainage PVC parts, placed on the sloped blinding
concrete, were used for the longitudinal drainage system. They
were anchored in the correct position preventing displacement, and
then perforated PVC drainage pipes ¢ 200mm were installed in
them. Then they were covered with 16/22mm-fraction pea gravel.
The side formwork for the concreting of the foundation strips
was created on one side by a skew surface of the cutting in the
original tunnel lining segments in combination with vertical PERI
formwork parts. On the other side, the formwork was created by
a vertical wall of plastic prefabricated part. Reinforcement cages,
cable protection pipes and concrete for the foundation strips were
placed into the space prepared in this way (Fig. 12).

The weight of one reinforcement cage for the foundation strips
varied between ca 1.9t and 2.5t, depending on the type of the block
without/with a recess. The weight of the tied-up reinforcement of
the invert amounted to ca 8t per 1 block.

The profiling and installation of waterproofing of the upper
vault were carried out in advance of only a few blocks before the
concreting of the upper vault, except for the reinforced blocks
of the upper vault, of which there were only 2+5 blocks in total
number (Fig. 13).

The self-supporting reinforcement consisting of lattice girders,
supplemented on the inner and outer faces with KARI mesh and
loose additional reinforcement, was designed for the upper vaults of
the portal and inner tunnel blocks. The weight of the reinforcement
of the upper vault of the blocks P1 and 1 at the Adamov portal in the
area of hard granodiorites was ca 5t, or 7t per 1 block. At the Blansko
portal, the weight of the reinforcement of the upper vault for blocks
41 to 44 was about 12t per 1 block. At the time of concreting of the
first block of the upper vault on June 21, 2022, the concreting of
foundation strips was finished up to approximately half the tunnel
length. The concreting of the other upper vault blocks continued
almostregularly in a cycle of two days until the end of the operations.
For the concreting of the upper vault, the completion concreting of
the invert of the secondary lining on the last five tunnel blocks in
time was the key operation so that the concrete could got cured and
the formwork (weighing 110 tonnes) could enter the invert belts.
There was an about 20-day time difference between concreting
of the upper vaults and invert of the same block. The concreting
of the last block at the Blansko portal was completed on October
10, 2022. The time of filling the formwork of one regular 12.5m
long block was normally 8h with an average volume of concrete of
130m?. The designer proposed masonry facing of the portal parts
of the tubes and giving them an original architectural appearance
that is stylistically related to the neighbouring original brick-
walled portal of tunnel No. 8/1 and the adjacent cladding walls
(Fig. 14).

4.6 Mechanical equipment set for excavation
and secondary lining

The chapter provides an overview of machines and equipment
according to their use during excavation and during the construction
of the secondary tunnel lining. Rock breaking, loading and
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dokonceni betonaze spodni klenby sekundéarniho osténi na posled-
nich péti blocich tunelu vcas tak, aby betony vyzraly a bednici
forma (o hmotnosti 110 tun) mohla najet na pasy spodni klenby.
Casovy rozdil mezi betondzi horni a spodni klenby stejného blo-
ku byl zhruba 20 dni. BetondZ posledniho bloku na blanenském
portdle byla ukoncena 10. fijna 2022. Doba plnéni formy jed-
noho regulérniho bloku o délce 12,5 m byla bézné 8 h pfi pri-
mérném mnozstvi betonu 130 m®. Projektant navrhl obloZit por-
talové casti tubusti kamennym obkladem a dodat jim originalni
architektonicky vzhled vaZzici se stylové k sousednimu piivodni-
mu zdénému portalu tunelu ¢. 8/1 a prilehlym obkladnim zdem
(obr. 14).

4.6 Strojni sestava pro razbu a sekundarni osténi

Kapitola uvadi prehled stroji a zafizeni podle jejich vyuZiti pfi
razbé a béhem realizace sekundarniho osténi tunelu. Rozpojovani,
nakladani a doprava: tunel bagr CAT 328 DLCR, tunel bagr VOL-
VO ERC 355, naklada¢ Volvo 110L, Volvo 120L. Stfikany beton:
manipuldtor na stiikdni betonu Meyco Potenza, tlakové silo pro
suchou betonovou smés DryMIX, kompresor pro silo XAVS 448,
manipuldtor s plosSinou MERLO ROTO R38.14 S, teleskopickd
pracovni ploSina DC16/H.L. Vrtani svornikd a Celby: vrtaci sou-
prava Atlas Copco Rocket Boomer L2C, kompresor Atlas Copco
— XA 75. Betonaz osténi: izolatérsky vz, armovaci viiz, posuvné
ocelové bednéni (Ostu Stettin). Vyroba energie pro stavbu z agre-
gatu (35 tis. litrd nafty za mésic).

4.7 Geotechnicky monitoring

Pro pfestavbu tunelu byl aplikovan geotechnicky monitoring
podobny jako pii stavbé nového tunelu. Jeho soucasti byla geo-
logicka dokumentace Celeb, konvergencni méfeni v prerdzeném
tunelu 8/2 i v sousednim tunelu 8/1, geodetické sledovani bodt na
portalech, inklinometrickd méfeni ve stavajicich profilech. Na bla-
nenském portile P2 se provadéla dynamometrickd méfeni napéti
v kotvach. Vysledky postupt razeb a vysledky z geotechnickych
méfeni byly prezentovany na radé monitoringu (RAMO), kona-
né zpravidla ve ¢trndctidennich intervalech. Konvergencni profi-
ly byly osazovany predevS§im na nové vytvorené primdrni osténi
(26 profilt). Do oblasti poruch a mylonitizovanych granodioritl
se v predstihu osadily na stavajici osténi ze ZB dilt &tyfi profily.
Nékolik konvergencnich profilli bylo osazeno i na osténi soused-
niho tunelu 8/1 tak, aby bylo mozné sledovat ptipadné deformace
projevujici se z razeb tunelu 8/2 a vc¢as na né reagovat. V novém
tunelu tak byly 26+4 konvergencni profily, z nichZ pouze u tif byl
prekrocen 1. varovny stav — stav vysoké miry bezpec€nosti, tzn.
Ze maximalni deformace Cinila 30 mm pficného posunu. Defor-
mace v sousednim tunelu vykazovaly méné nez 2 mm. Na Zadost
RAMO se pravidelné sledovalo a kontrolovalo také ptivodni mon-
tované osténi tunelu z hlediska poruch a poSkozeni, a to predev§im
v tseku zhorSenych geotechnickych poméri, kde byly jiz diive
zaznamendany trhliny v oblasti vyklenkd. Sledovana byla také vlh-
kost na osténi a pfitoky do tunelu v ¢asti ptivodniho osténi. Pro
sledovani uc¢inkl prerazeb bylo ve Stole Biezovského vodovodu
osazeno 10 nivelacnich bodl. Z vysledkti méfeni vyplynulo, Ze
v prubéhu razeb dochézelo k jejich pozvolnému plynulému po-
klesu az do hodnoty 11 mm u severniho portdlu Stoly vodovodu
(nad blanenskym portalem tunelu P2). S rostouci vzdalenosti od
portdlu se sedani Stoly Biezovského vodovodu plynule snizuje.
P1i pribéznych kontrolach osténi Stoly, provadénych se zastupci
Brnénskych vodaren a kanalizaci, a.s., nebylo zjiSténo Zadné po-
Skozeni Stoly.
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transport: CAT 328 DLCR tunnel excavator, VOLVO ERC 355
tunnel excavator, Volvo 110L loader, Volvo 120L loader. Shotcrete:
Meyco Potenza remote control robotic arm spraying machine,
DryMIX pressure silo for dry concrete mix, XAVS 448 compressor
for the silo, MERLO ROTO R38.14S rotating telehandler, DC16/
H.L telescopic working platform. Drilling for rockbolts and into
excavation face: Atlas Copco Rocket Boomer L2C drill rig, Atlas
Copco — XA 75 compressor. Concreting of tunnel lining: gantry-
type scaffold to install the waterproofing membrane, gantry-
type scaffold to install the reinforcement, traveller formwork
(Ostu Stettin). Production of energy for construction by a diesel
generating set (35 thousand litres of diesel per month).

4.7 Geotechnical monitoring

The geotechnical monitoring similar to that used during
the construction of a new tunnel was applied to the tunnel
reconstruction. It included geological documentation of the
excavation headings, convergence measurements in the re-
excavated tunnel 8/2 and in the adjacent tunnel 8/1, geodetic
monitoring of points on the portals, inclinometer measurements
on the existing profiles. Dynamometer measurements of the
tension in the anchors were carried out on the Blansko portal
P2. The results of excavation advance rates and the results of
geotechnical measurements were presented at the monitoring
board, usually held at fortnightly intervals. Convergence profiles
were installed mainly on the newly created primary lining (26
profiles). In the area of faults and mylonitised granodiorites, four
profiles were installed ahead of time on the existing reinforced
concrete lining segments. Several convergence profiles were also
installed on the lining of the neighbouring tunnel 8/1 so that the
possible deformations manifesting themselves as a result of the
tunnel 8/2 excavation could be monitored and responded to in
time. There were 26+4 convergence profiles in the new tunnel; the
Ist warning state, the state of high level of safety, was exceeded
only on three of them (maximum transverse displacement of
30mm). The deformations in the adjacent tunnel were smaller
than 2mm. At the request of the monitoring board, the original
segmental tunnel lining was also regularly monitored and checked
for defects and damage, especially in the section of worsened
geotechnical conditions, where fissures in the areas of the recesses
were previously registered. Moisture on the lining and inflows into
the tunnel in a part of the original lining were also monitored. 10
levelling points were installed in the gallery for the Brezovsky
water main to monitor the effects of the re-excavation. It followed
from the measurements that during the excavation, there was a
gradual and continuous decrease in their values up to 11mm at
the northern portal of the portal of the gallery for the water main
(above the Blansko portal of tunnel P2). The settlement of the
gallery for the Brezovsky water main gradually decreases with
the distance from the portal increasing. No damage to the tunnel
was detected during continuous inspections of the gallery lining,
carried out jointly with representatives of the company Brnénské
vodarny a kanalizace, a.s.

4.8 Complications during the course of construction

At the beginning of the excavation, for about two months, due
to the long period for obtaining permits for small-scale blasting,
it was necessary to break the hard granodiorite mechanically
with a hydraulic hammer. Therefore, several rounds were
excavated experimentally by blast-less way using the Green Break
Technology procedure (expansion gas cartridges, the use of which
is not blasting in the sense of mining regulations), however the




4.8 Komplikace béhem realizace stavby

Na pocatku razby po dobu zhruba dvou mésicti bylo nutné kvuli
dlouhé 1huté pro vyfizeni povoleni trhacich praci malého rozsahu
rozpojovat pevny granodiorit mechanicky hydraulickym kladivem.
Nekolik zabéra proto bylo pokusné provedeno netrhavinovym
rozpojovanim postupem Green Break Technology (expanzni ply-
nové nabojky, pfi jejichZ pouZiti nejde o trhaci prace ve smyslu
bainskych pfedpist), nicméné pomér cena/vykon/Cas byl znacné
nevyhodny. Kvili omezené moZnosti dodavek Cerstvého betonu
bylo n€kolik mésict vyuZivano suché betonové smési na stiika-
ny beton, dodavané ze sil umisténych na blanenském portéile P2.
Komer¢ni betonarny fungovaly pouze v dennim provozu (bez
noc¢nich dodavek) a v nedostate¢né kapacité (vyrobni i dopravni)
vzhledem k potfebam stavby. Kubatura nastfikaného betonu za
jednotku ¢asu byla velmi nizkd, coZ bylo zpisobeno mimo jiné
dopravou suché smési na celbu na pomérné velkou vzdélenost
(cca aZz 500 m). Postupem casu se podatilo zajistit dodavku mok-
ré betonové smési pro stiikany beton, nicméné pouze do 21 hodin
ve vSedni dny a v sobotu. Pldnovéni jednotlivych operaci razby
tak, aby byl zvétSeny vyrub co nejdiive zajistén stiikanym be-
tonem, bylo tudiZ znacné obtizné. Proto vzniklo na pferazbach
a primarnim osténi zpoZdéni, které bylo kompenzovano diivéjSim
zahdjenim praci na sekundarnim osténi, jak je popsdno v predcho-
zi kapitole. DalSim nepfiznivym vlivem bylo vyrazné zdraZeni
a horsi dostupnost nékterych materidlt, komodit a sluzeb po ob-
dobi covidové pandemie a ndsledné valky na Ukrajiné. Jednalo
se zejména o naftu, kterd byla kromé dopravy a pohonu mecha-
nizace také jedinym zdrojem elektfiny pro celou stavbu. Déle vy-
razné zdrazila vyztuz do betonu, cement, izolacni félie a vyrobky
z plastd.

5. ZAVER

Prestavba tunelu Blanensky €. 8/2 byla narocné hned z nékolika
hledisek. Prerazba tunelu vcetné provozu zafizeni staveniSté byla
zavisld na naftovych agregatech. ZvySenda pozornost se musela
vénovat bezpecnosti pii praci provadéné v tésné blizkosti provo-
zované koleje €. 1, kterd byla vyloucena aZ po dvou mésicich od
nastupu na staveniSté. Strojni odtéZovani skalniho masivu bez pou-
ziti trhacich praci po dobu dvou mésicii bylo velmi pomalé. PouZiti
technologie stfikaného betonu suchou cestou bylo zna¢né kompli-
kované. Problémy zptsobovaly predevsim (a) doba stiikani vrstvy
osténi, (b) prichodnost suché smési pres dlouhé potrubi a (c) logis-
tika a mnozZstvi navaZzené suché smési.

Pres uvedené komplikace byl tunel véetné vybaveni dokoncen
a predan pro pokladku kolejového svrsku ve stanoveném terminu
a v pozadované kvalité. Veskeré prace realizovali vlastnimi kapa-
citami tunelafi OHLA ZS, a.s. JelikoZ rekonstrukce predstavuje
prakticky novostavbu, méla by tomu odpovidat i Zivotnost a bez-
problémovy provoz. Zprovoznéni dopravy na kolejich ¢. 1 a 2 bylo
stanoveno na 11. prosince 2022 a bylo dodrzeno.

Ing. LUKAS KUNC, Ph.D.,
kuncl@ohla-zs.cz, OHLA Z8, a.s.

Recenzoval Reviewed: Ing. Vlastimil Hordk
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cost/performance/time ratio was quite disadvantageous. Due to
the limited possibility of fresh concrete deliveries, mixes for dry
process sprayed concrete were used for several months, delivered
from silos located at the Blansko portal P2. Commercial concrete
batching plants worked only in daytime operation (no night
deliveries) and with insufficient production and transport-related
capacity with respect to the needs of the construction. The volume
of concrete sprayed per unit of time was very low, which was
caused, among other things, by transporting the dry mixture to the
excavation face over a relatively long distance (up to ca 500m).
Over time, the supply of wet concrete mix for sprayed concrete
was successfully secured, but only until 9pm on weekdays and
Saturdays. Planning the individual excavation operations in such
a way that the enlarged excavation was supported with shotcrete
as soon as possible was therefore quite difficult. That is why there
was a delay in the re-excavation and installation of the primary
lining, which was compensated by the earlier start of work on the
secondary lining, as described in the previous chapter. Another
adverse effect lay in the significant rise in costs and poorer
availability of some materials, commodities and services after
the covid pandemic period and the subsequent war in Ukraine. It
was mainly diesel oil, which, in addition to transport and driving
mechanical equipment, was also the only source of electricity for the
entire construction. Furthermore, concrete reinforcement, cement,
waterproofing membranes and plastic products became more
expensive.

4. CONCLUSION

The reconstruction of the tunnel Blanensky No. 8/2 was
challenging from several points of view. The re-excavation of the
tunnel, including the operation of the construction site facilities,
was dependent on diesel generating sets. Increased attention had to
be paid to safety during the work carried out in close proximity to
the operating track No. 1, which was closed to traffic as late as two
months after the arrival to the construction site. The mechanical
excavation of the rock massif without the use of blasting, lasting for
two months, was very slow. The use of dry process shotcreting was
quite complicated. The problems were mainly caused by (a) the
duration of applying the shotcrete lining layer, (b) the passability
of the dry mix through the long pipeline, and (c) the logistics and
the amount of the dry mix brought to the site.

Despite the mentioned complications, the tunnel including the
equipment and service facilities was completed and handed over
for the installation of the trackwork on the planned date and in
the required quality. All work was carried out by the tunnellers of
OHLA 78, a.s. using their own capacities. Since the reconstruction
is practically a new structure, the service life and problem-free
operation should also correspond to it. The deadline for opening
of traffic on tracks No. 1 and 2, which was set for December 11,
2022, was kept.

Ing. LUKAS KUNC, Ph.D.,
kuncl@ohla-zs.cz, OHLA Z8, a.s.

[1] Adamov-Blansko, BC, projektova dokumentace DSP, SUDOP BRNO spol. s r.o.
[2] Adamov-Blansko, BC, projektovd dokumentace zmény stavby pred dokoncenim (DZSD), AMBERG Engineering Brno, a.s.
[3] Adamov-Blansko, BC, projektova dokumentace RDS, AMBERG Engineering Brno, a.s.
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TUNEL CEBRAT — TECHNICKE RIESENIE A SKUSENOSTI
_ Z RAZENIA TUNELA
CEBRAT TUNNEL — TECHNICAL SOLUTION AND EXPERIENCE
FROM TUNNEL EXCAVATION

PETER CULIK, ZDENEK MLYNEK

ABSTRAKT

Prispevok popisuje technické rieSenie tunela Cebrat, skiisenosti s razenim tunela s relativne vysokym nadloZim a rieSenim sandcie
niidzového zdlivu. V zdvere je uvedené zhodnotenie zmeny trasy dialnice po vyrazeni tunela. Problematika potreby zmeny trasy dialnice
vyplynula 7 extrémne ndrocnych geologickych a hydrogeologickych pomerov v povodnej trase dialnice.

ABSTRACT

The paper describes the technical solution for the Cebrat tunnel, the experience of driving a tunnel under a relatively high overburden and

the solution for the rehabilitation of the emergency lay-by. The evaluation of the change of the motorway alignment after the construction of

the tunnel is presented in the conclusion. The issue of the need to change the motorway alignment resulted from the extremely demanding

geological and hydrogeological conditions on the original motorway alignment.

1. ZAKLADNE INFORMACIE

Novy dialni¢ny tunel Cebrat je stcastou Gseku dialnice D1 Hu-
bové — Ivachnovd, ktory nadvézuje na pripravovany tsek D1 Tura-
ny — Hubové na zapadnej strane a pripaja sa na prevadzkovany usek
D1 pri odpocivadle Ivachnova na vychodnej strane. V sicasnosti je
celd doprava vedend po ceste 1/18, ktora svojou kapacitou, technic-
kymi parametrami a stavom v niektorych tsekoch stc¢asnému do-
pravnému zataZeniu cesty nevyhovuje, navyse prechadza intravila-
nom mesta RuZomberok. Tunel Cebrat je navrhnuty ako dialni¢ny
dvojrdrovy tunel kategérie 2T-7,5/100 dizky 3,6 km.

Realizdciu predmetného tseku zabezpetuje zdruZenie Cebrat,
vedidcim zdruZenia je spolo¢nost OHLA ZS, a.s. a druhym &lenom
je spolocnost VAHOSTAV — SK, a. s. Objednévatefom diela je
Narodna dialni¢na spolocnost, a. s. Projektovanie celého dialnic¢-
ného useku riesi projektové zdruzenie DOPRAVOPROJEKT a. s.
a GEOCONSULT, spol. s r. 0. Projektantom stavebného objektu
razeného tunela je Basler & Hofmann Slovakia s. r. o.

1. BASIC INFORMATION

The new Cebrat motorway tunnel is part of the D1 Hubovi —
Ivachnovd motorway section, which connects to the planned D1
Turany — Hubova section on the west side and connects to the
operating D1 section at the Ivachnova rest area on the east side.
Currently, all traffic runs along the 1/18 road, which due to its
capacity, technical parameters and condition in some sections does
not meet the requirements of the current traffic load on the road,
moreover, it passes through the Ruzomberok inner city. The Cebraf
tunnel is designed as a category 2T-7.5/100 double-tube structure
with a length of 3.6km.

The construction of the section in question is ensured by the
Cebrat consortium; the company of OHLA ZS, a.s. is the consortium
leader and the second member is the company of VAHOSTAV —
SK, a. s. The work client is Narodna dialni¢nd spoloc¢nost, a. s.
(National Highway Company). The design of the entire motorway
section is provided by the DOPRAVOPROJEKT a. s. and the
design consortium of GEOCONSULT, spol.s r.o. Basler&Hofmann
Slovakia s.r.o. is the designer of the mined tunnel construction.
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Obr. 1 Tunely v tdseku novej trasy s vyznacenym zosuvnym vizemim interpretovanym z geofyzikdlneho merania
Fig. I Tunnels on the new alignment with landslide area, interpreted from geophysical measurements




2. ZMENA TRASY DIALNICE

Problematika potreby zmeny trasy dialnice, ktord vyplynula
z extrémne naro¢nych geologickych a hydrogeologickych pome-
rov v povodnej trase dialnice, bola publikovand v Casopise Tunel
04/2019 [1], kde na zaklade doplnujticeho inZinierskogeologické-
ho a hydrogeologického prieskumu (IGHP) bolo potrebné povod-
nd trasu z useku rozsiahleho zosuvného tizemia odklonit do svahu
pohoria, resp. do stabilného horninového prostredia (obr. 1), ¢im
sa povodny tunel prediZil na dizku 3,6 km [2]. Pre posddenie hor-
ninového prostredia z hladiska vhodnosti vedenia novej trasy, boli
vypracované dopliiujice Stadie na zaklade geofyzikdlnych merani.

3. PROJEKTOVA PRIPRAVA POCAS VYSTAVBY

Rozsah prijatych zmien z dovodu zmeny trasy si vyZiadal nové
hodnotenie vplyvu stavby na Zivotné prostredie (EIA), ktoré bolo
ukoncené vydanim zdvere¢ného stanoviska. Nasledne prebiehal
proces uzemného a stavebného konania. Realizécia stavby bola
v tomto tseku na urCiti dobu pozastavena.

Na zéklade vydaného tzemného rozhodnutia a vyhodnotenia
doplnujiceho IGHP bolo rozhodnuté realizovat razenie tunela ako
geologicku tlohu (v stupni dokumentacia pre realizaciu stavby) [3]
od vychodného portalu so zaCiatkom razenia v juili 2018. Stavebné
povolenie bolo vydané v aprili 2021, nasledne bolo mozné pristupit
k realizacii zdpadného portdlu pre razenie a s moznostou razenia
tunela od zapadu. Projektova dokumentacia v stupni pre realizaciu
stavby (DRS) [4] bola vypracovand a schvélena v roku 2021.

4. OKRAJOVE PODMIENKY PRE RAZENIE

Razenie mohlo prebiehat len z jednej strany a to zo strany vy-
chodného portalu, dovrchne cca 500 m a dalej viac ako 3 000 m tu-
nela dpadne. Kratky tsek od zdpadného portélu sa razil dovrchne.

Na zéklade poZiadaviek spravy o hodnoteni vplyvov na Zivotné
prostredie bolo potrebné pocas razenia monitorovat vodné zdroje,
ktoré su v relativnej blizkosti trasy, a prijimat opatrenia na zniZenie
pritokov horninovej vody do tunela tak, aby nebola vyznamne zni-
Zené vydatnost vodnych zdrojov.

5. PREDPOKLADANE INZINIERSKOGEOLOGICKE
POMERY V TRASE TUNELA NA ZAKLADE PRIESKUMU

Charakteristickymi horninami predmetného horninového masivu
su slienité vapence, sliefiovce, bridlice, siltovce a ilovce s velkym
poctom poruchovych zlomov. NajvyraznejSie tektonické deforma-
cie sa predpokladali najmi pozdiz hlavnych tektonickych linii vo
forme silnej brekciacie a prevrasnenia vrstevnatosti (obr. 2).
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2. MOTORWAY ALIGNMENT CHANGE

The issue of the need to change the motorway alignment, which
resulted from extremely demanding geological and hydrogeological
conditions on the original alignment of the motorway, was published
in the Tunel journal 04/2019 [1], where, based on a supplementary
engineering geological and hydrogeological survey (EGHS),
it was necessary to divert the original alignment from a section
of an extensive landslide area into the mountain range slope, i.e.
into a stable rock environment (Fig. 1). As a result, the original
tunnel length increased by 3.6km [2]. In order to assess the rock
environment from the point of view of the suitability of the new
alignment, additional studies based on geophysical measurements
were developed.

3. DESIGN PREPARATION DURING CONSTRUCTION

The extent of the adopted changes due to the alignment change
required a new Environmental Impact Assessment (EIA), which
was concluded with the issuance of a final opinion. Subsequently,
the zoning and construction process took place. Construction was
temporarily suspended for a certain time in this section.

On the basis of the issued zoning and planning permission and
the evaluation of the supplementary EGHS, it was decided to
carry out the tunnel excavation as a geological task (at the stage
of documentation for construction work — the final design) [3]
from the eastern portal with the start of excavation in July 2018.
The building permit was issued in April 2021, subsequently it
was possible to proceed with the work on the western portal
for excavation purposes and with the possibility of excavating
the tunnel from the west. The design documentation at the
construction stage (final design) [4] was developed and approved in
2021.

4. BOUNDARY CONDITIONS FOR TUNNEL
EXCAVATION

Excavation could only proceed from one side, namely from the
eastern portal, uphill ca 500m and further downhill for more than
3.000m.

Based on the administration’s requirements to carry out the
environmental impact assessment, it was necessary to monitor water
sources that are relatively close to the route during the excavation,
and to take measures to reduce the flow of groundwater into the
tunnel so that the yield of water sources was not significantly
reduced.

legenda: horniny zastihnuté v tuneli
legend: rocks found in the tunnel

VZ vodny zdroj water source

R3-R5 ilovce, tenkovrstevnaté bridlice, sliefiovee, tektonicky porusené
R3-R5 claystone, thin-bedded shale, marlstone, faulted

R3-R4 sliefiovce, slienité vapence, ilovce, bridlice, tektonicky porusené
R3-R4 marlstone, marlaceous limestone, claystone, faulted

R2-R3 slienité vapence a sliefiovce, tektonicky porusené
R2-R3 marlaceous limestone and marlstone, faulted

il

portal tunela km 0,016 990  tunnel portal km —0.016990
portal pre razenie km 0,005 500 portal for excavation km 0.005500

VZ Hrboltova -

Obr. 2 PozdlZny inZinierskogeologicky profil tunela
Fig. 2 Longitudinal engineering geological tunnel profile
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Hydrogeologické pomery v trase tunela zavisia od cirkulacie vod,
kde ddlezitu tlohu zohrava tektonika a husta siet puklin viazana na
z6ny tektonického poruSenia. Podla klasifikacie priepustnosti hornin
ide o porusené az zdravé horninové prostredie slienitych vapencov,
ilovcov s polohami pieskovcov ako slabo priepustné az velmi slabo
priepustné prostredie s triedou priepustnosti VI aZ VII. PoruSené az
silno tektonicky porusené suvrstvie ilovcov, brekcii, vapencov a slie-
nitych vapencov tvori mierne priepustné prostredie s triedou prie-
pustnosti IV az VI. Pritoky vody sa pedpokladali hlavne v miestach
tektonickych portch a v iseku od zapadného portalu tunela.

6. TECHNICKE RIESENIE TUNELA

Tunel Cebraf je navrhnuty ako dialniény dvojrirovy tunel katego-
rie 2T-7,5/100 s jednosmernou prevadzkou s navrhovou rychlostou
100 km/h. Tunelové riry dizky 3687 m prava tunelova rira (PTR)
a 3663 m lava tunelova rira (LTR) st vedené v pozdiznom sklone
+0,88 %, +2,00 %, —1,10 %.

Vychodny portal tunela, ktorého stavebnd jama bola vybudovana
v ramci povodného projektu a boli z nej vyrazené tivodné metre tu-
nela v pdvodnej trase, zostal nezmeneny. Smerom na zapadny portal
proti smeru staniCenia sa trasa tunela odklonila severne, aby sa vyhla
zosuvnému tzemiu. Sucasne sa priaznivo zmenila aj niveleta nového
useku trasy a tunela, ¢im sa zniZilo celkové prevysenie trasy.

V kaZdej tunelovej rire st navrhnuté maximéalne po 750 m Styri
jednostranné nidzové zalivy dizky 50 m vybavené vodiacim tlmi-
¢om ndrazu. Tunelové riry st prepojené z jednostrannych zalivov
prejazdnymi prieCnymi prepojeniami pre obsluzné a zachranné vo-
zidl4 a v tseku normdlneho profilu tunela medzi zdlivmi su tune-
lové rury prepojené priechodnymi prie€nymi prepojeniami po max.
250 m pre moZnost tniku 0s6b do druhej tunelovej riry. V priechod-
nych prepojeniach budu zaroveil vybudované technologické priesto-
ry. V obidvoch tunelovych rirach st navrhnuté $tyri typy vyklenkov,
Cistiaci vyklenok rubovej drenaze, zdruZeny vyklenok (SOS kabina
a Sachta Cistenia drendZe), zdruZeny vyklenok (hydrant poZiarneho
vodovodu + Sachta Cistenia drendZe) a poziarne vyklenky (vyklenok
pre hydrant, vyklenok vzdusnika, poZiarny vodovod (PV), vyklenok
sekéného uzaveru PV a vyklenok redukéného ventilu PV.

Konstrukcia razenych Casti tunela (obr. 3) je tvorend dvojvrstvo-
vym ostenim, di7ka razeného tunela je3612,5m (LTR)a3 6344 m
(PTR). Vetranie tunela je navrhnuté pozdiZne s ventilatormi zavese-
nymi vo dvojiciach pod klenbou.

Primédrne ostenie je tvorené kombindciou striekaného beténu,
vystuznych sieti, prichradovych ocelovych nosnikov, kotiev a pred-
héananej vystroje — ihly, kotvy celby, mikropilotové (MP) dazdniky.
Vystrojenie primarneho ostenia zavisi od vystrojovacej triedy, ktord

5. ENGINEERING GEOLOGICAL CONDITIONS
IN THE TUNNEL ROUTE ANTICIPATED ON THE BASIS
OF SURVEY

The characteristic rock types of the rock massif in question are
marlaceous limestone, marlstone, shale, siltstone and claystone with
a large number of faults. The most significant fault deformations
were assumed especially along the main fault lines in the form of
strong brecciation and refolding of the bedding (Fig. 2).

Hydrogeological conditions on the tunnel alignment depend on
water circulation, where faulting and a dense network of fissures
bound to faulting zones play an important role. According to the rock
permeability classification, it is a faulted to fresh rock environment
of marlaceous limestones, claystones with sandstone layers,
weakly permeable to very weakly permeable environment with
permeability class VI to VII. Faulted to heavily faulted formation
of claystones, breccias, limestones and marlaceous limestones
form a moderately permeable environment with permeability class
IV to VI. Water inflows were assumed mainly in places of faults
and in the section from the western portal of the tunnel on.

6. TECHNICAL SOLUTION FOR THE TUNNEL

The Cebraf tunnel is designed as a 2T-7.5/100 category double-
tube motorway tunnel structure with unidirectional traffic flow,
with a design speed of 100km/h. The 3.687m long right-hand
tunnel tube (RTT) and 3,663m long left-hand tunnel tube (LTT) are
on a longitudinal gradient of +0.88%/ +2.00%, -1.10%.

The eastern portal of the tunnel, the construction pit for which
was built as part of the original design and from which the initial
metres of the tunnel were driven on the original alignment, remained
unchanged. Towards the western portal, against the direction of the
chainage, the alignment of the tunnel deviated north to bypass the
landslide area. At the same time, the alignment of the new section
of the route and the tunnel also changed favourably, which reduced
the overall difference in the elevation of the route.

Four 50m long, one-sided emergency lay-bys with a length
of 50m, equipped with a guiding impact absorber, carried out at
maximum intervals of 750m, are designed for each tunnel tube.
The tunnel tubes are connected by cross passages passable for
service and emergency vehicles from the one-sided bays, and,
in the section with the normal tunne profile, the tunnel tubes
are connected between the bays by cross passages at maximum
intervals of 250m for the possibility of people escaping to the
second tunnel tube. At the same time, service spaces will be built
in cross passages passable for persons. Four types of niches are
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Obr. 3 Priecny rez tunela — lavd tunelovd riira
Fig. 3 Tunnel cross-section — left-hand tunnel tube

bola navrhnuta na zaklade predpokladanych geologickych a hydro-
geologickych podmienok.

Sekundérne ostenie je navrhnuté z monolitického Zelezobetonu.
Minimalna hribka sekundarneho ostenia je 300 mm. Sekundarne os-
tenie bude zhotovené po blokoch so zakladnou dizkou bloku 12,5 m.
Ochrana proti podzemnej vode bude zabezpecend otvorenym systé-
mom plosnej foliovej hydroizolacie.

Odvodnenie horninovej vody je navrhnuté bo¢nymi priebeZnymi
drenaZami s Cistiacimi vyklenkami. Stredové odvodnenie tunela bolo
vzhladom na minimélne pritoky do tunela zrusené, Co je z hladiska
nerealizacie $acht vo vozovke lepSie rieSenie pre dopravu a prevadz-
ku tunela. Odvodnenie vozovky je navrhnuté Strbinovymi Zlabmi,
ktoré st na portaloch zaustené do kanalizécie dialnice. V chodnikoch
v tuneli Sirky 1,0 m st uloZené kablové trasy technologického vyba-
venia tunela a poZiarny vodovod. Vozovka je navrhnutd z cemento-
beténového krytu po celej dizke tunela.

7. REALIZACIA RAZENIA, ZASTIHNUTE
INZINIERSKOGEOLOGICKE POMERY

Razenie tunela prebiehalo cyklickym spdsobom s horizontdlnym
¢lenenim vyrubu na kalotu, stupeti a dno, resp. spodnu klenbu, pod-
la zdsad Novej rakuskej tunelovacej metddy (obr. 4), v horninovom
prostredi s nadloZim do 340 m.

Pre predpokladané typy horninového prostredia boli navrhnu-
té vystrojovacie triedy (VT). Reédlne nasadenie VT pocas razenia
a ich modifikdcia prebiehala na zaklade skuto¢ne zastihnutych
geologickych podmienok a vysledkov merania deformacii.

Na zabezpeCenie ochrany vodnych zdrojov a potreby zniZenia
pritokov do tunela boli navrhnuté tesniace cementové a chemické
injektaZe horninového prostredia v okoli vyrubu ako predstihové
a dodato¢né. Vzhladom na zastihnuté slabo priepustné az velmi
slabo priepustné horninové prostredie sa tesniace injektiZe realizo-
vali len lokdlne v malom rozsahu.

designed for both tunnel tubes, a niche for cleaning the reverse-side
drainage, a combined niche (SOS call niche and drainage cleaning
manhole), a combined niche (fire main hydrant niche + drainage
cleaning manhole) and fire protection niches fire water (a hydrant
niche, air relieve valve niche, fire main sectional valve niche and
the recess of the fire main pressure-reducing valve).

The structure of the mined parts of the tunnel (Fig. 3) consists of
a double-shell lining; the length of the mined tunnel is 3,612.5m
(LTT) and 3,634.4m (RTT). Longitudinal ventilation with fans
suspended in pairs from the vault is designed for the tunnel.

The primary lining consists of a combination of shotcrete,
reinforcing mesh, steel lattice girders, anchors and forepoling —
spiles, face anchors, canopy tube pre-support. The primary lining
design depends on the excavation support class, which was designed
on the basis of the assumed geological and hydrogeological
conditions.

Monolithic reinforced concrete is designed for the secondary
lining. The secondary lining is 300mm thick as a minimum. The
secondary lining will be carried out in blocks with a basic block
length of 12.5m. Protection against groundwater will be ensured by
an open waterproofing membrane system.

Drainage of groundwater is designed with continuous side
drains with manholes. The central drainage of the tunnel was
omitted due to the minimal inflows into the tunnel, which is a
better solution for transport and tunnel operation from the point of
view of omitting shafts in the carriageway. Slotted drains opening
at portals into the motorway drainage system are designed for
draining the carriageway. Cable runs for the technical equipment
and service facilities and the water main are placed into the
1.0m wide walkways in the tunnel. Cement concrete cover
is designed for the carriageway along the entire length of the
tunnel.
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teoreticka vnatorna hrana
primarneho ostenia

7. TUNNEL EXCAVATION,
ENGINEERING GEOLOGICAL

teoreticka hrana vyrubu
theoretical excavation contour

theoretical inner surface
of the primary lining

CONDITIONS ENCOUNTERED

The tunnel was excavated in a cyclic way
with the top heading, bench and bottom or
invert sequence, according to the principles
of the New Austrian Tunnelling Method

‘ A (Fig. 4), in rock environment with overburden
\K\( up to 340m high (Fig. 4).

g‘% o \( Excavation support classes were proposed

[ ~ ~ .

g‘% E \( for the assumed types of rock environment.
kalota 2%’ \C The actual application of the classes during
top heading 1200 \(/ excavation and their modification was carried
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out on the basis of the actually encountered
geological conditions and the results of
deformation measurements.

In order to ensure the protection of water
resources and the necessity to reduce inflows
into the tunnel, sealing, cement and chemical
grouting of the rock environment around the
excavation was proposed as a preliminary and
supplemetary measure. Due to the weakly

\ permeable to very weakly permeable rock

Obr. 4 Priecny rez tunela — Clenenie vyrubu a geometria primdrneho ostenia

Fig. 4 Tunnel cross-section — excavation sequence and geometry of primary lining

Razenie prebiehalo proti smeru stani¢enia od vychodného por-
talu — nulty tunelmeter (Tm) dovrchne cca 500 m, dalej ipadne na
celej dizke tunela, aZ na maly dsek razenia od zdpadného portalu,
¢o bolo ndro¢né z hladiska zabezpecovania vetrania, preCerpdvania
technologickej a horninovej vody, vyvadzania ribaniny a prepravy
materialu. Upadné razenie umoznili relativne dobré inZeniersko-
geologické pomery (IG) a hydrogeologické pomery (HG) s mini-
malnymi pritokmi horninovej vody.

Razenie je mozné zhodnotit z hladiska IG podmienok a reali-
zovanych vystrojovacich tried v rdmci charakteristickych dsekov
nasledovne:

A. usek 0-1 900 Tm, nadlozie
H=do 340 m

V useku bolo zastihnuté striedanie
prevazne slienitych vdpencov s polo-
hami slienovcov, pevnosti R2 az R3,
masiv bol tektonicky poruseny s kal-
citovou vypliiou puklin, vrstvy za-
klinené, prevazne bez pritokov hor-
ninovej vody, len lokdlne puklinova
voda v minimalnych mnoZstvach.

Razenie prebiehalo v horninovom
prostredi (obr. 5) priaznivom pre ra-
zenie vo vystrojovacej triede VT4/2.
Vylomové prace sa realizovali vrt-
no-trhacimi pracami. Konvergencné
profily vykazovali ustidlené defor-
macie do 20 mm, Celba bola stabil-
na. Dosahovany postup razenia bol
v priemere dva cykly za den, t.j. cca
120-130 m/mes. v kazdej tunelovej
rire.

environment encountered, sealing grouting
was only used locally on a small scale.

The tunnel excavation proceeded from the
eastern portal (zero chainage) against the direction of chainage,
uphill for ca 500m, then downhill over the entire length of the
tunnel, except for a small section of excavation from the western
portal, which was challenging in terms of ensuring ventilation,
re-pumping of water and groundwater, and transport of muck and
materials. The downhill excavation was possible owing to relatively
good engineering geological and hydrogeological conditions with
minimal inflows of groundwater.

The excavation can be assessed from the point of view of engi-
neering geological conditions and the excavation support classes

applied within the characteristic excavated sections as follows:

Obr. 5 Celba kaloty v slienitych vdpencoch
Fig. 5 Top heading excavation face in marlaceous limestone




VT4/2 — zaber 2,2 m, striekany beton C 20/25 hr. 150 mm s jed-
nou vrstvou KARI siete @ 6/150 x @ 6/150 mm pri vonkajSom
povrchu, priehradovy nosnik a kotvy swellex dizky 4 m.

Z ddvodu ochrany vydatnosti vodného zdroja Staré Lazy a tpad-
ného razenia bolo potrebné lokélne realizovat tesniace injektaze na
zniZenie pritokov horninovej vody do tunela. Injektaze boli realizo-
vané injektaznymi vrtmi z kaloty a zo stupna ako predstihova a do-
datocna injektdZ cementova a chemicka. Materidl z vyrubu tunela
sa vyuZzival na budovanie telesa dialnice.

B. usek 1900-2 900 Tm, nadloZie H = 200-115 m

V tseku bolo zastihnuté striedanie prevazne sivych sliefiovcov
a slienitych vapencov, tektonicky porusenych, pevnosti R3 (R4),
diskontinuity vyplnené prevazne tektonickym ilom, brekciovita
vypln, bez pritokov vody.

Razenie v predmetnom horninovom prostredi s premenlivou
porusenostou horninového masivu sa realizovalo vo vystrojovacej
triede VT5/1. Vylomové prace sa realizovali vrtno-trhacimi praca-
mi. Deformacie vykazovali hodnoty v priemere do cca 30-40 mm.

VT5/1 — zaber 1,7 m, striekany betén C 20/25 hr. 200 mm s dvo-
mi vrstvami KARI siete @ 6/150 x @ 6/150 mm, prichradovy nos-
nik a kotvy swellex diZzky 4 m, samozavrtné ihly IBO sa realizovali
minimalne.

C. usek 2 900-3 560 Tm, nadloZie H = 115-25 m

V sledovanom tseku boli dokumentované sliefiovce a slienité
vapence tektonicky porusené, pevnosti R3 a7z R4 a slienité ten-
kovrstevnaté bridlice a ilovce, silno tektonicky poruSené, hladké
plochy vrstevnatosti, zvrasnené, pevnosti R4 az RS, ¢elba docasne
stabilnd, suchd, resp. zavlhnutd. Predmetné horninové prostredie
s premenlivou Struktirnou stavbou a zna¢nou porusenostou hor-
ninového masivu vykazovalo zniZené geotechnické parametre,
bolo potrebné realizovat razenie s vystrojovacimi triedami VT6/1
a VT7/0 s realizovanim ihiel IBO R32 a R51 dizky 6 m kazdy dru-
hy zaber, ¢o spolahlivo zabezpecovalo stabilitu ¢elby. Nebolo po-
trebné realizovat kotvenie Celby. Deformécie klenby kaloty az na
lokélne tseky sa pohybovali v priemere do 50 mm.

VT6/1 — zéber 1,3 m, striekany betén C 25/30 hr. 250 mm s dvo-
mi vrstvami KARI siete @ 8/150 x @ 8/150 mm, prichradovy nos-
nik a kotvy IBO dizky 4,6 m, ihly IBO R32 dizky 6 m kazdy druhy
zaber, stabilizdcia Celby striekanym beténom, kotvy celby v pripa-
de potreby.

VT7/0 — zéber 1,0 m, striekany betén C 25/30 hr. 300 mm s dvo-
mi vrstvami KARI siete @ 8/150 x @ 8/150 mm, prichradovy nosnik
a kotvy IBO dizky 6 m, ihly IBO R51 dizky 6 m kazdy druhy zaber,
stabilizicia Celby striekanym beténom, kotvy Celby v pripade potreby.
D. usek 3 560-3 605 Tm, nadlozZie H = do 25 m, kvartér

zasahujuici do kaloty, usek 3 605-3 632 Tm, kvartér
zasahujuci do kaloty - razenie zo ZP dovrchne

V sledovanom useku boli dokumentované horniny mezozoika,
ktoré su zastipené silne tektonicky poruSenymi a zvetranymi horni-
nami sliefiovcov az ilovcov (RS). V hornej Casti Celby su kvartérne
zeminy zastipené kamenito-ilovitou sufou a ilovitymi zeminami,
pevnej konzistencie, strednej plasticity, s minimalnymi priesakmi
horninovej vody.

V predmetnom horninovom prostredi, kde kvartér zasahuje do
profilu kaloty (obr. 6) a sklon rozhrania je smerom k portélu, bolo
potrebné realizovat razenie pod zabezpeCenym MP daZzdnikom
s kotvenim Celby sklolaminatovymi kotvami.

VT7 MP — zaber 1,0 m, striekany betén C 25/30 hribky 300 mm
s dvomi vrstvami KARI siete @ 8/150 x @ 8/150 mm, priehradovy
nosnik a kotvy IBO dizky 6 m, ihly IBO R51 diZky 6 m kazdy dru-
hy zéber, stabilizacia celby striekanym beténom a kotvenim.
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A Section chainage 0-1.900 Tm, overburden
H = up to 340m

An alternation of predominantly marlaceous limestones with
marlstone interbeds, strength R2 to R3, was encountered in the
section. The massif was faulted with calcite filling of fissures, layers
are wedged, mostly without inflows of groundwater, only locally
fissure water in minimal amounts.

The excavation proceeded in a ground environment (Fig. 5)
favourable for excavation in the excavation support class VT4/2.
Rock was broken by drill and blast. Convergence profiles showed
stable deformations up to 20mm, the excavation face was stable.
The average excavation rate of two cycles per day, i.e. ca 120—130m/
month was achieved in each tunnel tube.

Excavation support class VT4/2 — excavation round 2.2m long, C
20/25 shotcreet 150mm thick with one layer of KARI mesh @ 6/150
X @ 6/150mm at the outer surface, a lattice girder and Swellex
anchors 4m long.

Due to the protection of the Staré Lazy water source yield and
the downhill driving of the tunnel, it was locally necessary to carry
out sealing grouting to reduce the inflow of groundwater into the
tunnel. Grouting was carried out through grouting boreholes from
the top heading and from the bench as a pre-grouting operation and
supplementary cement and chemical grouting. The muck was used
to build the motorway embankments.

B section chainage 1.900-2.900 Tm, overburden
H = 200-115m

Alternation of predominantly gray marlstone and marlaceous
limestone, faulted, R3 (R4) strength, discontinuities filled predo-
minantly with tectonic clay, brecciated fill, without water inflows
was encountered in the section.

Tunnel excavation in the ground environment in question with
variable fracturing of the rock massif was carried out in excavation
support class VT5/1. Rock was broken by drill and blast. The average
deformation values reached up to ca 30—40mm.

Excavation support class VT5/1 —excavation round 1.7m long,
C 20/25 shotcrete 200mm thick with two layers of KARI mesh
@ 6/150 x @ 6/150mm, a lattice girder and Swellex anchors 4m long,
self-drilling IBO spiles were used minimally.

C. section chainage 2.900-3.560 Tm, overburden
H =115-25m

In the monitored section, faulted marlstone and marlaceous
limestones, strength R3 to R4, and marlaceous thin-layered shale and
claystone, heavily faulted, smooth bedding planes, folded, strength
R4 to RS, temporarily stable, dry or damp. The ground environment,
with its variable structural structure and significant fracturing of the
rock massif in question, showed reduced geotechnical parameters, it
was necessary to excavate the tunnel applying support classes VT6/1
and VT7/0 with the installation of 6m long IBO R32 and R51 spiles
in every other excavation round, which reliably ensured the stability
of the excavation face. Anchoring of the face was not necessary. The
top heading vault deformation values varied, with the exception of
local sections, up to 50mm on average.

Excavation support class VT6/1 —excavation round 1.3m long, C
25/30 shotcreet 250mm thick with two layers of KARI mesh @ 8/150
x @ 8/150mm, a lattice girder and IBO anchors 4.6m long, IBO R32
spiles every other excavation round, stabilisation of excavation face
with shotcrete, anchors into the face if necessary.

Excavation support class VT7/0 — excavation round 1.0 m long,
C 25/30 shotcreet 300mm thick with two layers of KARI mesh
@ 8/150 x @ 8/150mm, a lattice girder and IBO anchors 6m long,
IBO R51 spiles 6m long every other excavation round, stabilisation
of excavation face with shotcrete, anchors into the face if necessary.
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do razeného profilu
Fig. 6 Top heading excavation face in the section from western portal on with
the Quaternary extending into the mined profile

Prerazenie v pravej tunelovej rire sa realizovalo 27 m od ZP tunela
(obr. 7) vo VT7 MP, kde kvartér zasahoval do profilu tunela. Vzhla-
dom na IG podmienky bolo potrebné okrem zabezpecenia vyrubu
kaloty MP dazdnikom zabezpecit stabilitu kaloty kotvenim celby.

Vetracie vrty

Vzhladom na harmonogram préac bolo potrebné zacat realizovat
betonaze sekundarneho ostenia od vychodného portélu este pred
vyrazenim tunela, ¢o si vyZadovalo odstranenie lutne pre privod
vzduchu od portalu. Aby bolo mozné pokracovat v ipadnicovom
razeni od VP, bolo navrhnuté a realizované vetranie pomocou vet-
racich vrtov z povrchu terénu pre kazdua tunelovu riru. Vzdialenost
vetracich vrtov od zdpadného portalu pre razenie bolo cca 200 m,
diZka 36 a 40 m, priemer vystrojenia vrtov @ 1,2 m. Pri navrhu vet-
racich vrtov bola urcita obava z prepojenia IG vrstiev a vytvorenia
pritoku vody do tunela, ¢o sa ale nenaplnilo, nedoslo k pritokom
vody do tunela prostrednictvom vrtov.

8. RAZENIE A SANACIA NUDZOVEHO ZALIVU

Razenie nidzového zéalivu NZ1 sa realizovalo v PTR v tseku C
(Tm 2925-2975) pri nadlozi H=110 m.

Tuel

D. section chainage 3.560-3.605 Tm, overburden
H = up to 25m, the Quaternary extending into top
heading, section chainage 3.605-3.632 Tm, the
Quaternary extenting into top heading - uphill
excavation from western portal.

Mesozoic rock types represented by heavily faulted and
weathered marlstone to claystone (R5) were documented in the
monitored section. In the upper part of the heading, Quaternary
soils are represented by stone-clayey rubble and clayey soils with
firm consistency, medium plasticity, with minimal seepage of
groundwater.

In the rock environment in question, where the Quaternary
extends into the top heading profile (Fig. 6) and the gradient of the
interface is oriented towards the portal, it was necessary to excavate
the tunnel under a canopy tube pre-support with anchoring of the
face using glassfibre reinforced plastic anchors.

Excavation support class VT7 MP — excavation round 1.0 m long,
C 25/30 shotcreet 300mm thick with two layers of KARI mesh
@ 8/150 x @ 8/150mm, a lattice girder and IBO anchors 6m long,
IBO R51 spiles 6m long every other excavation round, stabilisation
of excavation face with shotcrete, anchors if necessary.

The breakthrough in the right-hand tube was carried out 27m
from the western portal of the tunnel (Fig. 7) in VT7 MP excavation
support class, where the Quaternary extended into the tunnel
profile. It was necessary with respect to the engineering geological
conditions to secure the stability of the top heading excavation,
in addition to the canopy tube pre-support, by anchoring the
excavation face.

Ventilation boreholes
Due to the work schedule, it was necessary to start concreting
the secondary lining from the eastern portal even before the
completion of the tunnel excavation, which required the removal
of the ventilation duct supying the air from the portal. In order
to allow for the continuation of the inclined shaft excavation,
ventilation through ventilation holes bored from the ground surface
was designed and carried out by VP for each tunnel tube. The
distance of the ventilation boreholes from the western portal for
excavation was ca 200m, the length of 36m and 40m, the diameter
of the borehole casing 1.2m. During the design of the ventilation
boreholes, there was a certain concern about the connection of the
engineering geological layers and the development of an inflow
of water into the tunnel, but this did

Obr. 7 Zdpadny portdl — prerazenie pravej tunelovej riiry
Fig. 7 Western portal — right-hand tunnel tube breakthrough

not materialise. No inflows of water
into the tunnel through the boreholes
occurred.

8. EXCAVATION
AND REHABILITATION
OF EMERGENCY LAY-BY

The emergency lay-by NZ1 was
excavated in the RTT, section C
(chainage Tm 2925-2975), under
the overburden H=110m.

In the monitored section, faulted
marlstones and marlaceous lime-
stones were documented, strength R4
to R3, compressive strength values
below 30MPa. In the fault zone in
the upper part of the top heading,
marlstone and marlaceous shale and

claystone were documented, heavily




TuNel

V sledovanom tseku boli dokumentované sliefiovce a slienité
véapence tektonicky porusené, pevnosti R4 azZ R3, hodnoty pevnosti
v tlaku pod 30 MPa. V poruchovej zoéne v hornej Casti kaloty boli
dokumentované slietiovce a slienité bridlice a ilovce, silno tekto-
nicky porusené, hladké plochy vrstevnatosti, vyplne zlomov tvoril
tektonicky il, zvrasnené, pevnosti R4 azZ RS.

Razenie v normalnom profile tunela preslo tesne pred zalivom
z VT5/1 (bez spodnej klenby) na VT5/2 (so spodnou klenbou).
Zaliv sa zacal razit vo vystrojovacej triede NZ VT6/0. Po prvych
metroch razenia kaloty zalivu bolo na geotechnickej porade tunela
dohodnuté prejst na vystrojovaciu triedu NZ VT6/2 — zabery zniZe-
né na 1,0 m, rozSirend péta kaloty a stupiia. V priebehu razenia sa
pristuipilo k realizacii doCasnej spodnej klenby kaloty. Vylomové
prace sa realizovali vrtno-trhacimi pracami hlavne v spodnej Casti
kaloty a mechanickym rozpojovanim horniny.

NZ VT6/2 — zaber 1,0 m, striekany betéon C 25/30 hr. 250 mm
s dvomi vrstvami KARI siete @ 8/150 x @ 8/150 mm, priehradovy
nosnik a kotvy IBO dizky 6 m, ihly IBO R32 dizky 6 m kaZdy
druhy zaber, rozsirena péta kaloty a stupiia, stabilizacia Celby strie-
kanym beténom, predpokladané deforméacie do 100 mm vratane
stavebnej tolerancie.

Po vyrazeni zélivu v PTR pokracovalo razenie norméalneho pro-
filu za zalivom, nésledne s odstupom sa razil zaliv v LTR a priecne
prepojenie medzi zalivmi.

Pocas razenia v zélive sa postupne inStalovali 4 konvergencné
profily KvP 2935 Tm, 2945 Tm, 2963 Tm, 2970 Tm. Merania de-
formadcii na konvergencnych profiloch v tseku zalivu vykazovali po-
stupny narast deformdcii, maximdalne hodnoty po ustileni do 95 mm,
pricom najvicsie deformécie boli na bocnej stene kaloty. Pre tieto
merania bolo charakteristické dlhodobé ustalovanie deformacii.

V case, ked uz prebiehalo razenie profilu tunela za zdlivom,
vznikla v mieste KvP 2970 Tm pozdlZna trhlina v strope kaloty
dizky 6 m a taktieZ aj mensie bo¢né trhliny pri prie¢nom prepojeni.

Okamzite sa pristupilo k sanécii. Sanécia sa realizovala na tseku
12 m — zosilnenim primérneho ostenia — striekany betén hrubky
250 mm s dvomi vrstvami KARI siete @ 8/150 x @ 8/150 mm,
priehradovy nosnik a kotvy IBO R 51 dizky 12 m. TaktieZ doglo

Obr. 8 Sandcia NZ 1 - odstrdnenie primdrneho ostenia v celom profile po zdberoch
Fig. 8 Rehabilitation NZ 1 — round-by-round removal of primary lining in the entire profile
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faulted, smooth bedding planes, fractures filled with tectonic clay,
folded, strength R4 to RS5.

Excavation in the normal profile of the tunnel changed from
VT5/1 (without invert) to VT5/2 (with invert) just before the lay-
by. The excavation of the lay-by started in the excavation support
class NZ VT6/0. After the initial metres of the lay-by top heading
excavation, it was agreed at the tunnel geotechnical meeting
to switch to the support class NZ VT6/2 — the excavation round
lengths reduced to 1.0m, the abutment of the top heading and the
bench widened. Rock was broken by drill and blast (mainly in the
lower part of the top heading) and mechanically.

Excavation support class NZ VT6/2 — excavation round 1.0 m,
C 25/30 shotcreet 250mm thick with two layers of KARI mesh
@ 8/150 x @ 8/150mm, a lattice girder and IBO anchors 6m long,
IBO R32 spiles 6m long every other excavation round, enlarged
width of the abutment of the top heading and bench, stabilisation
of excavation face with shotcrete, expected deformations up to
100mm, (including construction tolerance).

The excavation of the normal profile behind the lay-by continued
after completion of the excavation of the lay-by in the RTT, then
the lay-by in the LTT and the cross passages between the bays were
excavated at a distance.

During excavation in the lay-by, 4 convergence profiles KvP
2935 Tm, 2945 Tm, 2963 Tm, 2970 Tm were gradually installed.
Measurements of deformations on the convergence profiles in the
lay-by section showed a gradual increase in deformation values,
maximum values after stabilisation up to 95mm, with the largest
deformations being on the side wall of the top heading. These
measurements were characterised by long-term steadying of
deformations.

At the time when the excavation of the tunnel profile behind the
lay-by had already been completed, a 6 m long longitudinal crack
developed in the top heading crown at the KvP 2970 Tm, as well as
smaller lateral cracks at the cross passage.

Rehabilitation started immediately. The rehabilitation was
performed in a 12m long section — by increasing the primary lining
thickness — 250mm thick shotcrete with two layers of KARI mesh
@ 8/150 x @ 8/150mm, a lattice
girder and 12m long IBO RSI
anchors. Stabilisation of smaller
horizontal cracks at the interface
between the top heading and bench
by enlarging the thickness of the
primary lining with re-anchoring.

At the same time, the development
of deformations measured on the
convergence profiles in the lay-by
was reassessed. The deformations
slowly increased and did not
stabilise there due to the effect of the
excavation of the lay-by in the NTT
and the cross passage.

Based on this, rehabilitation was
started in the entire lay-by section by
re-anchoring the top heading vault
using 12m long IBO R32 anchors,
8 pieces in the profile, spaced lon-
gitudinnally at 2.0m.

After the rehabilitation of the
crack and the remaining section
of the lay-by by re-anchoring, the
deformations stabilised.
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k potrebe stabilizovat mensie horizontadlne trhliny na styku kaloty
a stupna zosilnenim primarneho ostenia s prekotvenim.

Zarovenn boli prehodnotené priebehy deformacii na konver-
gencnych profiloch v zélive, kde aj vplyvom razenia zalivu v STR
a prieCneho prepojenia prebiehalo pomalé narastanie deformécii
a nedochadzalo k ustéleniu.

Na zéklade toho sa pristipilo k sanacii v celom tseku zélivu,
a to prekotvenim klenby kaloty kotvami IBO R32 dizky 12 m, 8 ks
v profile, raster v pozdiZznom smere a 2,0 m.

Po sandcii trhliny a zvy$ného tseku zalivu prekotvenim sa de-
formaécie ustélili.

Horninové prostredie s takto premenlivou Struktirnou stavbou
a poruchovou zénou v hornej Casti kaloty vykazovalo zniZené geo-
technické parametre, hlavne pevnosti v tlaku a deforma¢né moduly
pri relativne vysokom nadloZzi 110 m. To malo vplyv spolu s postu-
pom razenia na zvySené zataZenie na primarne ostenie, o sa preja-
vilo velkostou a priebehom deformécii a poruchou v strope kaloty.

S uréitym odstupom razenia od zalivu prebehlo zoskenovanie
primarneho ostenia v zdlive, vyhodnotenie deformécii a IG pod-
mienok. Na zaklade toho bolo po dohode zhotovitela s projektan-
tom a stavebnym dozorom rozhodnuté pristupit k celkovej sanécii
primarneho ostenia v zalive.

Sanacia primarneho ostenia ntidzového zalivu (NZ €.1)
Sanacia vzhladom na zameranie ostenia a opatrenia, ktoré tam
boli realizované, bola navrhnutd ako kompletnd vymena primar-
neho ostenia v celom useku zalivu. Realizacia bola navrhnuta po
zaberoch v celom profile, t.j. kalota a stupeii (obr. 8).
Postup realizdcie sandcie
1. Buranie VT6/2 NZ a zvicSenie profilu na geometriu VT7 NZ
po zaberoch 1,0 m v celom profile. Prvy otvéraci zaber bol
1,5 m, aby sa vytvoril priestor pre napojenie vonkajSej vystuze
a priestor pre biranie. Biiranie bolo potrebné realizovat Setrne
tak, aby sa ¢o najmenej znehodnotili zabudované kotvy.
2. Nésledné zabudovanie nového primarneho ostenia podla VT7
NZ s tpravami:
e zéber 1,0 m, striekany betén C 20/25 hribky 300 mm
s dvomi vrstvami sieti @ 8/150 x @ 8/150 mm, priehradovy
nosnik;
* nové kotvy sa nerealizuju — pdvodné kotvy realizované
v rdmci zabezpecenia stability zalivu z titulu neustalenych
konvergencii su sucastou nového vystrojenia primarneho
ostenia — bolo len potrebné skratit hlavy kotiev tak, aby
nepresahovali obrys primarneho ostenia, pricom boli za-
kotvené v novom primarnom ostent;
* ihly nie je potrebné realizovat vzhladom na hustotu uz zre-
alizovanych ihiel, len v pripade potreby zaistenia otvorené-
ho zaberu realizovat ihly IBO dizky 3 m;
* spodnd klenba primdru zostdva povodnd, zrealizovana
v ramci VT6/2 NZ.
Sanacia ako kompletnd vymena primarneho ostenia prebehla
uspesne (ukoncené v 03.2023).
Pocas realizacie bola dokumentovand poruchova zéna v klenbe
kaloty tiahntica sa pozdiZne v osi tunela.
Geotechnicky monitoring
Reprofiliciou doslo k odstraneniu konvergencnych profilov
(KvP) VJ 2935, 2945, 2963 a 2970 a hned po realizécii nového
priméru boli osadené KvP v tych istych miestach, ako boli povodné
t.j. v Tm 2935, 2945, 2963 a 2970.
Merania preukdzali ustalenie deformdcii, s tym Ze po dokonceni
prac v celom nidzovom zdlive sa zrealizuje kontrolné premeranie.

Tuel

The ground environment with such a variable structural properties
and the fault zone in the upper part of the top heading showed
reduced geotechnical parameters, mainly compressive strength and
modules of deformation of a relatively high overburden of 110m.
This, along with the excavation progressing, affected the increasing
load acting on the primary lining, which fact was reflected in the
magnitude and course of the deformations and the fracture in the
top heading crown.

At a certain distance from the lay-by excavation, scanning of
the primary lining in the lay-by, evaluation of deformations and
engineering geological conditions took place. Based on this, after
the concluding the agreement between the contractor, the designer
and the resident engineer, it was decided to proceed with the overall
rehabilitation of the primary lining in the lay-by.

Rehabilitation of the primary lining of the emergency
lay-by (NZ No.1)

Due to the geodetic survey of the lining and the measures carried
out there, the rehabilitation was designed as a complete replacement
of the primary lining in the entire lay-by section. The top heading
and bench excavation was designed for the entire profile, round-
by-round (Fig. 8).

Rehabilitation procedure

1.Demolition VT6/2 NZ and profile enlargement to VI7 NZ
geometry, excavation rounds 1.0m in the entire profile. The first
1.5m long initial excavation round was designed to create space
for connecting the external concrete reinforcement and for a
space for demolition. Demolition has to be carried out carefully
so that the already installed anchors are degraded as little as
possible.

2.Subsequent installation of a new primary lining according to
VT7 NZ with modifications:

* excavation round 1.0m long, C 20/25 shotcreet 300mm
thick with two layers of KARI mesh @ 8/150 x @ 8/150mm,
a lattice girder;

e new anchors are not installed — the original anchors
installed as part of securing the stability of the lay-by due
to unstabilised convergences are part of the new primary
lining — it was only necessary to shorten the anchor heads
so that they do not exceed the contour of the primary
lining, while they are anchored in the new primary
lining;

* spiles do not need to be installed with respect to the spacing
of the already installed spiles, only in the case of the need
an unsupported excavation round, 3m long IBO spiles will
be installed;

* the original invert of the primary lining carried out within
the framework of VT6/2 NZ remains in place.

The rehabilitation as a complete replacement of the primary
lining was successful (completed in March 2023).

A fault zone in the top heading arch extending longitudinally
along the tunnel axis was documented during the work.

Geotechnical monitoring

The reprofiling resulted in the removal of convergence profiles
(KvP) of VI 2935, 2945, 2963 and 2970, and immediately after the
installation of the new primary lining, convergence profiles were
installed in the same places as they were installed originally, i.e. at
chainages Tm 2935, 2945, 2963 and 2970.

The measurements showed stabilisation of the deformations; a
check measurement will be carried out after the completion of the
work in the entire emergency lay-by.
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Obr. 9 Vizualizdcia trasy - tisek zdpadného portdlu tunela
Fig. 9 Route visualisation — section with a western tunnel portal

9. ZAVER

Zaverom je mozné konStatovat, Ze samotné razenie tunela pre-
biehalo uspesne, bez zavaznych problémov.

Pravé (juzna) tunelova rira bola prerazend v novembri 2022, Tava
(severnd) tunelova rdra vo februari 2023.

Skusenosti z razenia tunela potvrdzuju ddleZitost citlivo vyhod-
nocovat meniace sa IG podmienky pocas razenia a vzhladom na os-
tatné suvislosti prijimat odborné adekvatne opatrenia. To je mozné
len pri aktivnom a odbornom pristupe vsetkych zucastnenych strén,
hlavne dobrou spolupricou s projektantom.

Na zaklade poznatkov z vyrazenia obidvoch tunelovych rir na
useku zmenenej trasy dialnice je mozné konStatovat, Ze odklone-
nie trasy a s tym suvisiaca realizacia dlhsieho tunela bolo spravne
rozhodnutie.

V prospech zmeny trasy hovori hlavne skutocnost, Ze trasa vra-
tane tunela je vedend v stabilnom horninovom prostredi a vodné
zdroje neboli razenim tunela ovplyvnené. Realizuje sa technické
rieSenie v optimalizovanej trase (obr. 9), ktoré bude mat priaznivy
dopad na zvySenie bezpecnosti dopravy, zniZenie zataZenia okolia
emisiami a hlukom z prevadzky a tym zlepSenie Zivotného prostre-
dia pre obyvatelov Ruzomberka a okolia.

Ing. PETER CULIK, CulikP@ohla-zs.sk,
Ing. ZDENEK MLYNEK, MlynekZ @ohla-zs.cz,
OHIA 7S, a.s.

Recenzoval Reviewed: Ing. Jdn KuSnir
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9. CONCLUSION

In conclusion, it can be stated that the tunnel excavation itself
was successful, without serious problems.

The southern tunnel tube was broken through in November 2022,
the northern tunnel tube in February 2023.

Experience from tunnel excavation confirms the importance
of sensitively assessing the changing engineering geological
conditions during excavation and taking adequate professional
measures in view of other contexts. This is only possible with an
active and professional approach of all parties involved, especially
good collaboration with the designer.

On the basis of findings from the excavation of both tunnel tubes
in the section of the changed motorway route, it is possible to
conclude that the route diversion and the related construction of a
longer tunnel was the right decision.

The fact that the route, including the tunnel, runs in a stable
ground environment and the water sources were not affected by
the tunnel excavation speaks in favour of the change. The technical
solution is being applied to an optimised route (Fig. 9), which
will have a positive impact on increasing traffic safety, reducing
environmental pollution with emissions and noise generated by
operations, and thus improving the environment for the residents
of Ruzomberok and the surrounding area.
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Ing. ZDENEK MLYNEK, MiynekZ@ohla-zs.cz,
OHLA 78S, a.s.
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STAVBA CERVENKA, PROTLACENY PODJEZD POD ZELEZNICNIM
KORIDOREM CESKA TREBOVA - OLOMOUC
CERVENKA PROJECT, JACKED PASSAGE UNDER CESKA TREBOVA -
OLOMOUC RAIL CORRIDOR

MICHAL SODOMKA

ABSTRAKT

V Gervau 2019 hledal projektant stavby ,, Cyklistickd stezka Litovel-Cervenka—Unicov na katastrdlnim tizemi Cervenka* technické rese-
ni provedeni podchodu II1. Zeleznicniho koridoru na trase Ceskd Trebovd — Olomouc. Jeho vizi, po provéfeni mimotiroviiového reSent jako
neredlné varianty, bylo realizovat protldceny podjezd ctvercového profilu pod ochranou ocelového predstitku z tirovné terénu pod provozo-
vanou koleji. Z pohledu vSech standardii a zvyklosti slo o reSeni krajné neobvyklé. Diky spojeni cilevédomosti projektanta, zdjmu zdstupcu
investora a inovativniho pristupu zhotovitele se ndhled na celou problematiku postupné zménil. Na zdkladé zhodnocent vsech informaci a
po dlouhém rozhodovdni byla tato vyzva prijata a ndsledné byl projekt vispésné realizovdn.

ABSTRACT

In June 2019, the designer of the “Litovel-Cervenka—Unicov cycling path in the cadastral territory of Cervenka” was looking for a
technical solution for the construction of the passage under the rail corridor I1I on the Ceskd Trebovd — Olomouc line. His vision, after
assessing the grade-separated solution as an unrealistic variant, was to carry out a square-profile underpass jacked, with the protection of
a steel advance shield, from the ground level, below the operating railway. From the point of view of all standards and customs, it was an
extremely unusual solution. Thanks to the combination of the designer‘s determination, the interest of the client‘s representatives and the
contractor ‘s innovative approach, the opinion on the whole issue gradually changed. Based on the evaluation of all information and after

a long decision-making process, this challenge was accepted and the project was subsequently successfully carried out.

PRIPRAVNA FAZE

Nejprve byl projektantem piedlozen koncept technického feseni
vcetné zapracovani prvotnich podminek spravce traté. Na zakladé
tohoto konceptu se spole¢né s projektantem a dal§imi externimi
konzultanty rozbéhla pfiprava vystavby, aby spravce trat€ mohl vy-
dat souhlasné stanovisko s realizaci podjezdu. Takto zpracovanou
projektovou dokumentaci zaslal projektant k zavére¢nému odsou-
hlaseni spravci traté. Souhrn vyjadreni jednotlivych odbort sprav-
ce, ktery vydal na pét stran pozadavkl a vyjadfeni, vratil proces
zpét na zaCatek. Vznesené pozadavky byly zapracovany do finalni
projektové dokumentace, pripadné do technologického postupu

Odbor tratového hospoddrstvi:

e doplnéni podminek kontroly a vyhodnocovani GPK (geomet-
rické polohy koleje, podle CSN 73 6360-2);

¢ stanoveni maximdalniho dosahu injektdZe od nivelety koleje na
hodnotu 1,2 m (podle predpisu SZDC S4, piiloha ¢. 24).

Odbor mosty, propustky a zdi:

* pozadavek na dopracovéni a upfesnéni postupu praci pfi reali-
zaci ochranného destniku z ocelovych trub DN 200;

¢ pozadavek na zpracovani harmonogramu pomalych jizd v za-
vislosti na postupu jednotlivych stavebnich praci;

* pozadavek na provedeni zkuSebni injektaZe, na zdkladé kte-
ré budou nasledné stanoveny parametry injektdznich praci
(mnozstvi injektazni smési, tlak pii injektdZi a doba samotné
injektdze);

* pozadavek na doplnéni zpevnéni zakladové spary pod techno-
logickou rampou hydraulickymi pojivy;

* podminka, Ze razba podchodu nebude ze strany spravce tra-
t& povolena, pokud zajistovaci deStnik z trub DN 200 nebude
proveden presné podle schvileného projektu;

PREPARATORY PHASE

First, the designer presented the concept of the technical solution,
including the incorporation of the initial conditions of the rail line
administrator. The preparation of the construction started on the
basis of this concept, with the designer collaborating with other
external consultants, so that the rail line administrator could issue
a favourable opinion on the construction of the underpass. The
design documents processed in this way were sent by the designer
to the rail line administrator for final approval. The summary of
the individual statements of the of the administrator’s departments,
which were issued by the administrator on five pages of demands
and statements, brought the process back to the beginning. The
requirements were incorporated into the final design documents, or
into the contractor’s method statement. The most important points
to be added were as follows:

Track management department:

* adding conditions for checking and assessing the GTP
(Geometrical Track Position according to CSN 73 6360-2
standard);

e setting of the maximum value of the grouting reach at
1.2m from the track alignment (according to the Railway
Infrastructure Administration directive S4, Annexe No. 24).

Bridges, culverts and walls department:

¢ the requirement to complete and elaborate in more detail the
work procedure for the construction of the protective umbrella
made of steel tubes DN 200 (canopy tube pre-support);

e the requirement to prepare the schedule for slow rides
depending on the progress of individual construction work
operations;

* the requirement to perform a trial grouting, based on which the
parameters of the grouting would subsequently be determined



e pozadavek na dopracovani technologického postupu sanace
poskozenych mist Zelezobetonové konstrukce tubusu;

» pozadavek na doplnéni vypoctu protlaceci sily o pripadné zvy-
Seni odporu britu predstitku pfi prichodu misty, kde doslo ke
zpevnéni zeminy chemickou injektazi;

* pozadavek na stanoveni opatfeni proti priissaku podzemni vody
ze spodni strany tubusu, kde nebylo moZné aplikovat hyd-
roizolaci z metylmetakrylatu;

e pozadavek na dil¢i dpravy tvaru (napf. ipravu fims) podle vzo-
rovych listd Spravy Zeleznic a upravu tvaru zabradli;

* pozadavek na provedeni vyvodl pro méfeni bludnych prouda
véetné propojeni na betondiskou vyztuz;

» pozadavek na vyssi Cetnost métfeni GPK vcetné poZadavku na
pomalou jizdu 30 km/h.

Sprdva sdélovaci a zabezpecovaci techniky:

e nebyly k realizaci podchodu pfipominky.

Sprdva trati Olomouc:

» pozadavek svolat schizku prfed samotnym zahdjenim praci za
ucelem detailniho projednani vSech bodi TP (zejména stano-
veni rozsahu geomonitoringu — méfeni deformaci zemniho
svahu, ¢etnosti méfeni GPK a méteni koleji rozchodkou);

* pozadavek na zavedeni pomalé jizdy pii vSech ¢innostech (pfi
beranéni portdll, vrtini zabezpeCovaciho destniku, realizaci
injektaZe a pii samotné razbé podjezdu);

* pozadavek na zajiSténi pracovniki a techniky (pohotovost) pro
okamzité zahajeni ptipadnych oprav tak, aby byl provoz na
kolejich co nejdiive obnoven.

Sprdva elektrotechniky a energetiky:

e pozadavek na doplnéni podminek do TP, za jakych bude pro-
vadéna manipulace s bfemeny a mechanismy od Zivych kraj-
nich vodica.

Jelikoz se jednalo o velky rozsah pripominek, bylo nakonec
rozhodnuto, Ze bude svoldno jednani za pritomnosti zastupct jed-
notlivych odborti spravce traté, zastupce investora, generalniho
projektanta a zhotovitele. V pribéhu tohoto jednani byly vyfeSeny
vSechny pfipominky, na které bylo v pfipravné fazi upozornéno. Po
dopracovani vSech dohodnutych postupt spravce traté s realizaci
podchodu souhlasil.

Konec¢né parametry podchodu:

 délka podjezdu 17,7 m,

e rozméry vyrubu 3,1 x3,1 m,

* podélny spad 1 %,

e teoreticky profil vyrubu 9,61 m?
* vySka nadloZi Stoly 2,1 m (2,3 m pod temenem
kolejnice).

Na takto pfipraveny projekt byla vyvinuta a vyrobena nova pro-
tlaceci souprava. Ta ma sestavu osmi tla¢nych pista s délkou zdvi-
hu 1,5 m, které disponuji celkovym vykonem 8 000 kN.

REALIZACE

Portaly a zajistujici mikropilotovy destnik

Stavebni prace na stavebnim objektu SO 600 — Podjezd byly za-
hdjeny vystavbou portdlll z ocelovych Stétovnic typu LARSEN IlIn
délky 8 m a pti celkové Sifce portdlu 10 m. Tyto prace zajiStoval vyssi
zhotovitel stavby. Portaly slouzily k zajisténi nasypu drazniho télesa
pred pasobenim sil pfi samotném zatlacovani tubusu a pied nega-
tivnimi G¢inky pii zatlaCovani a vytlaCovani predstitku do drdZniho
télesa a z néj. Po dokonceni portdli byla zahdjena jedna z nejdile-
postup stavebnich praci zastavil. Jednalo se o provedeni ochranné-
ho destniku z mikropilot. Tyto mikropiloty mély funkci vetknutého
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(the amount of grouting mixture, grouting pressure and
grouting duration);

* the requirement to supplement the strengthening of the
foundation base under the technology ramp with hydraulic
binders;

* the condition that the excavation for the underpass will not be
permitted by the line administrator if the protective umbrella
made of DN 200 tubes is not made exactly according to the
approved design;

* the requirement to elaborate on the method statement for the
rehabilitation of damaged areas of the reinforced concrete
structure of the tube;

e the requirement to supplement the calculation of the jacking
force by a possible increase in the resistance of the cutting
edge of the advance shield when passing through places where
the earth has been strengthened by chemical grouting;

* the requirement to establish measures against groundwater
seepage from the underside of the tube, where it was not
possible to apply methyl methacrylate waterproofing;

* the requirement to partially modify the cross-section (e.g.
modification of cornices) according to the standard sheets of
the Railway Administration and modification of the shape of
the railings;

e the requirement to carry out outlets for measuring stray
currents, including connection to concrete reinforcement;

* the requirement to secure a higher frequency of the geometrical
track position measurements, including the requirement to
secure slow driving at 30km/h.

Administration of signalling and communication facilities:

e there were no comments on the construction of the underpass.

Olomouc tracks administration:

* the requirement to call a meeting before the actual start of the
work in order to discuss all points of the method statement in
detail (in particular, determining the scope of geomonitoring —
measurement of deformations of the earth embankment slope,
frequency of GTP measurements and measurements of track
with hand-held track gauges);

e the requirement to introduce slow driving during all activities
(when ramming portals, drilling for the protective umbrella,
performing grouting and when excavating for the underpass
itself);

e the requirement to provide standby workers and equipment for
the immediate start of possible repairs so that the operation of
the tracks is resumed as soon as possible.

Administration of electrical engineering and energy utilities:

e the requirement to add conditions to the method statement
under which loads and mechanisms will be handled near live
outer conductors.

As there was a large range of comments, it was finally decided
that a meeting would be convened in the presence of representatives
of the individual departments of the line administrator, the repre-
sentative of the client, the general designer and the contractor. In
the course of this meeting, all comments that were pointed out
in the preparatory phase were resolved. After finalising all the
agreed procedures, the line administrator agreed to the underpass
construction.

Final underpass parameters:

* underpass length 17.7m,

e excavation dimensions 3.1x3.1m,

* longitudinal gradient 1%,

* theoretical excavation profile  9.61m?,

e gallery overburden height 2.1m (2,3m under rail top).
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Obr. 1 Dokonceny ochranny destnik
Fig. 1 Completed canopy tube pre-support

ocelového nosniku zajiStujiciho bezpenost trat€ v pfipadé vyko-
minovéni nadloZi pfi razbé. Samotny deStnik byl proveden z ocelo-
vych trub DN 200 (sila stény 10 mm) délky 18 m. Na jednotlivych
trubkéch byly pfivafeny ocelové injektazni trubicky podle pfedem
schvaleného schématu, pres které bylo provedeno zpevnéni nadlozi
nad razenym profilem. Na celé zajisténi bylo pouzito 21 téchto mi-
kropilot. Osova vzdalenost jednotlivych mikropilot ¢inila 300 mm.

Na realizaci mikropilot byla pouZita vrtna souprava Grundodrill
25N, pomoci nizZ se podafilo dosdhnout smérové a vyskové pres-
nosti horizontédlnich vrtil pro ,,ochranny destnik* (aZ na jednu vy-
jimku) v rozmezi £10 cm (obr. 1). Vzhledem k tomu, Ze ¢ast vrti
musela projit pres starou zdporovou sténu, o jejiZ existenci nebylo
v dobé provadéni vrtnych praci povédomi, Ize tento vysledek po-
kladat za vyborny.

Chemicka injektaz

Jak jiz bylo zminéno, injektaz byla provadéna pies soustavu tru-
bi¢ek praméru 10 mm pfivarenych na trubku ochranného destniku.
Pro injektaz byla pouzita silikatova injektazni pryskyfice, tak aby
vyslednd pevnost skeletu po injektdzi byla do 5 MPa. Vzhledem
k nizkému nadloZi byl pro injektdZni prace stanoven takovy tlak
(70 bar), aby nemohlo dojit k nadzvednuti koleji, popt. proniknuti
injektazni smési do Stérkového loze, ale zaroven aby se injektdzni
smés dostala aZ do poZadované vzdalenosti cca 15 m.

Technologicka rampa

Po dokonceni mikropilot bylo provedeno odtéZeni zeminy v pro-
storu portald. Nasledné se pfipravila samotna technologicka ram-
pa, jez méla za kol navedeni tubusu podchodu do spravného smé-
ru a sklonu a zejména pieneseni tlacnych sil do podloZi. Jednalo
se 0 mohutnou Zelezobetonovou desku (Sifka 4 m, tloustka 0,4 m
a délka 24 m) z betonu C20/25-X0. Soucasti této desky byly rovnéz
tfi opérné bloky provazané se zakladni deskou a zapusténé 2 m pod
uroven rampy. Tyto bloky prenaSely reakce tlacné sily do podlozi.
Soucdsti rampy byla soustava Ctrnacti fad kapes, do kterych bylo
postupné osazovano samotné protlaceci zafizeni (obr. 2). Kapsy
byly osazeny v ,.kroku* 1,5 m ve dvou fadach. Opérnd plocha kap-
sy musela pfenést tlak 4 000 kN.

Betonaz tubusu podchodu

Jednalo se o Zelezobetonovy monoblok o vnéjsich rozmérech
3,1 x 3,1 m, na ktery byl pouZit beton C35/45. Vnitini rozméry
pak byly 2,5 x 2,5 m. Jelikoz betondZ byla realizovana v celé délce

Tuel

A new jacking rig was developed and manufactured for the
design prepared in this way. It has a set of eight jacking cylinders
with a stroke length of 1.5m, which have a total power of
8,000kN.

CONSTRUCTION

Portals and canopy tube pre-support

Construction work on the construction object SO 600 -
Underpass began with the construction of portals made of
LARSEN IIIn type steel sheet piles with a length of 8m; at a
total portal width of 10m. The portals were used to secure the
embankment of the track bed against the effects of forces during
the actual jacking of the tube and the advance shield into and out
of the track bed. After the completion of the portals, one of the
most important operations was started, without the successful
construction of which the line administrator would have stopped
the further progress of construction work. It was the work on the
canopy tube pre-support. These tubes (micropiles) had the function
of a fix-ended steel beam ensuring the safety of the track in the
event of an overhead collapse during excavation. The pre-support
itself was made from 18m long steel tubes DN200 (wall thickness
of 10mm). Steel grouting tubes were welded to individual tubes
according to a pre-approved scheme, through which strengthening
of the overburden above the mined profile was carried out. The
total of 21 tubes (micropiles) were used for the entire excavation
support. The individual micropiles were axially spaced at 300mm.

The Grundodrill 25N drilling rig was used for the installation
of the micropiles, with which it was possible to achieve the
directional and vertical accuracy of the horizontal boreholes for

1%
IIILI.

zdroj. fntoarciv OHLA 78, a.s. source OHLA ZS, a.s. photoarchive
Obr. 2 Technologickd rampa pred betondZi
Fig. 2 Technology ramp before concreting
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zdroj fotoarchiv OHLA ZS, a.s. source OHLA 7S, a.s. photoarchive
Obr. 3 Protldcecti souprava pred zahdjenim raZby
Fig. 3 Jacking rig before the commencement of excavation

bloku dlouhého 17,7 m, byla do smési betonu pfimichdna PE vlak-
na pro zamezeni vzniku trhlin pfi smrstovani betonu. V celé délce
tubusu nebyly navrZeny Zadné dilatacni spary. Na takto pfiprave-
ny tubus byla po otryskani celé vnéjsi plochy provedena aplikace
izolace proti vode. Pro aplikaci izolace byl zvolen nastfik z otéru
vzdorného metylmetakrylatu (vytvrzena pryskyfice). Realizaci tu-
busu zajistoval rovnéz vyssi zhotovitel.

Razba podchodu

Samotné razba podchodu byla zahajena 7. zafi 2020. Na predni
¢elo pripraveného monobloku podchodu byl osazen ,,predstitek™,
jehoz zakladni funkci bylo eliminovat pfipadné kominovéni a vliv
sypného thlu zeminy na ¢elbé. Na opa¢ném konci monobloku byla
osazena tla¢na stolice (obr. 3), kterd zajiStovala posun celé kolony.

Sila na prvotni ,,odtrZeni* tubusu byla projektantem vypocte-
na na 800 kN, ale realita byla daleko pfiznivéjsi, kdyZz dosazena
hodnota byla 550 kN. VeSkeré razi¢ské prace byly provadény za
plného provozu drahy pii snizené rychlosti Zelezni¢niho provozu
na 30 km/h. Soucasné bylo zahéjeno sledovani GPK geodety s cet-
nosti 2x denné a rozchodkou 1x za 15 minut. Méfeni probihalo na
tfinacti bodech na kazdé kolejnici.

Razba podchodu byla provadéna strojné, kdy téZeni probihalo
minibagrem a odvoz zeminy smykovym naklada¢em. Piivodné za-
vedené odtéZovani zeminy pomoci
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the canopy tube pre-support (with one exception) within +10cm
(Fig. 1). With respect to the fact that part of the boreholes had to
pass through an old soldier beam and lagging wall, the existence
of which was not known at the time of drilling, this result can be
considered excellent.

Chemical grouting

As already mentioned, the grouting was carried out through
a system of 10mm-diameter tubes welded to the canopy tube.
Silicate grouting resin was used, so that the resulting strength
of the skeleton after grouting was up to SMPa. With respect to
the shallow overburden, such a pressure (70bar) was set for
the grouting that the tracks could not be raised, or the grouting
mixture could not penetrate into the gravel bed, but at the same
time so that the grouting mixture reached the required distance of
approximately 15m.

Technology ramp

After the completion of the canopy tubes, earth was excavated
in the area of the portals. Subsequently, the technology ramp itself
was prepared. Its task was to guide the underpass tube into the
correct direction and gradient and, in particular, to transfer the
thrust forces to the subgrade. It was a massive reinforced concrete
slab (4m wide, 0.4m thick and 24m long) made of C20/25-X0
concrete. Three support blocks connected to the base plate and
sunk 2m below the level of the ramp were also parts of the
slab. These blocks transferred the thrust force reactions to the
subgrade. A system of fourteen rows of pockets into which the
jacking rig itself was gradually fixed (Fig. 2) was a part of the
ramp. The pockets were carried out in two rows, at 1.5m spacing.
The bearing surface of the pocket had to withstand a pressure of
4,000kN.

Concreting of the underpass tube

The tube was a reinforced concrete package-type structure with
external dimensions of 3.1x3.1m, for which C35/45 concrete was
used. The internal dimensions were 2.5x2.5m. As the concreting
was carried out over the entire length of the block of 17.7m,
PE fibres were added into the concrete mixture to prevent the
development of cracks during concrete shrinkage. No expansion
joints were designed along the entire length of the tube. After sand
blasting of the entire outer surface, waterproofing was applied to
the tube prepared in this way. A spray of abrasion-resistant methyl

saciho bagru bylo v zastizené geo-
logii (zvodnélé jilovité zeminy) vy-

Development of thrust forces depending on length [kN/m]

Prabéh tlacné sily v zavislosti na délce [kN/m]

hodnoceno jako malo efektivni. Vel- 5000
mi Casto totiz dochézelo k ucpavani 4500
sactho potrubi, a proto bylo nutné 4000
pfistoupit ke zméné na smykovy na- 3500

klada¢. Od tohoto okamziku probi-

hala razba plynule bez vétSich obtizi.

Za jednu dvanictihodinovou sménu

Tlaéna sila [kN]
Thrust force [kN]
N
o
o
o

se dafilo vyrazit aZz 3 m podchodu,

jak byl tubus postupné zatli¢en do

télesa naspu, umérné tomu nartstaly /

1 tla¢né sily. Zpocatku, kdyZ se pred-

Stitek nachazel pod svahem télesa o 1 2 3
drahy (ve staniceni 3 m), se tla¢nd
sila pohybovala do 2 000 kN (obr. 4).

5 6 7 8 9 10 11 12 13 14 15 16 17 18
Staniceni [m]
Chainage [m]

Razba pokracovala kontinudlné
v denni i no¢ni sméné az do stanic¢eni

Obr. 4 Graf vyvoje tlacnych sil

zdroj fotoarchiv OHLA ZS, a.s. source OHLA 7S, a.s. photoarchive

Fig. 4 Graph of the development of thrust forces
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rojotoarci OHLA 78, a. sourc
Obr. 5 Profily HEB piivodniho zdporového paZeni zastizené na celbé
Fig. 5 HEB sections of the original soldier beam an lagging bracing encoun-
tered at the excavation face

7S, a.s. photoarchive

9.5 m. P1i no¢ni sméné vSak doSlo v tomto staniceni k nahlému
zvySeni odporu predstitku. Razi¢ské prace byly ihned zastaveny,
aby bylo mozné ovéfit, co je pri¢inou ndhlého zvyseni tlacnych
sil. Na Celbé byla odtéZena zemina a pfiCina byla jasna — tfi vrty
z ptvodniho zaporového paZeni pouzitého pfi rozSifovani traté, se
zabetonovanymi profily HEB 200 (obr. 5).

Zapory naStésti vychdzely mezi kolejemi, coZ po dohodé se
spravcem traté¢ umoznilo jejich kompletni obnaZeni a vyfezani.
Tim se zdrovenl objasnily potiZe pfi vrtdni ochranného deStniku,
jak bylo popsano jiz vyse.

I pfes tuto komplikaci byl i po no¢ni sméné drZzen planovany
harmonogram. Od této chvile uz prace nenaruSovalo nic nepredvi-
daného a nésledujici ranni sména vyrazila dal$i 4 m. S tim zacaly
pomalu nardstat i tla¢né sily s hodnotami kolem 4 250 kN. I presto
zlstavaly v predem stanoveném rozsahu pod 4 600 kN. Nejvyssi

=3 =
zdroj fotoarchiv OHLA ZS, a.s. source OHLA ZS, a.s. photoarchive

Obr. 6 Pohled do vyraZeného dila

Fig. 6 A view down the excavated working

TufHel

methacrylate (hardened resin) was chosen for the application of
the waterproofing. The work on the tube was also ensured by the
higher-level contractor.

Underpass excavation

Excavation of the tunnel itself began on September 7, 2020.
An advance shield was mounted on the front face of the prepared
block of the underpass structure. The basic function of the shield
was to eliminate a possible overhead collapse and the influence
of the angle of the earth repose at the excavation face. A jacking
assembly (Fig. 3), which ensured the movement of the entire
column was installed at the opposite end of the block.

The force required for the initial “tearing off” of the tube was
calculated by the designer to be 800kN, but the reality was much
more favourable when the achieved value amounted to 550kN.
All mining operations were carried out during full operation of
the track at a speed of ride reduced to 30km/h. At the same time,
monitoring of the GTP by a surveyor was started with a frequency
of 2 measurements per day and the gauge measurement at
15-minute intervals. The measurement was carried out at thirteen
points on each rail.

The underpass excavation of was carried out mechanically,
using a mini-excavator for excavation and earth was removed
with a skid-steer loader. The originally introduced earth removal
using a suction excavator was evaluated as not very effective in
the geology encountered (water bearing clayey earth). The suction
pipe was very often clogged, and therefore it was necessary to
replace it with a skid-steer loader. From that moment on, the
excavation proceeded smoothly without major difficulties. In one
twelve-hour shift, up to 3m of the underpass were excavated. As
the tube was gradually jacked into the embankment, the thrust
forces increased accordingly. Initially, when the advance shield
was located under the slope of the track bed (chainage of 3m), the
thrust force ranged up to 2,000kN (Fig. 4).

The excavation proceeded continuously in day and night shifts
up to chainage of 9.5m. However, during the night shift, the
resistance to the advance shield at this chainage suddenly grew.
The excavation operations were immediately stopped to verify
the cause of the sudden increase in thrust forces. The earth was
excavated at the face and the cause was clear — three boreholes
from the original soldier beam and lagging wall used during the
enlargement of the track width, with HEB 200 profiles encased in
concrete, were encountered (Fig. 5).

Fortunately, the soldier beams position was between the rails,
which, after an agreement with the line administrator, allowed
for their complete exposure and cutting. This also clarified the
difficulties in drilling for the canopy tube pre-support, as described
above.

Despite this complication, the planned schedule was adhered to
even after the night shift. From this moment on, the work was
no longer interrupted by anything unforeseen, and the following
morning shift excavated another 4m of the underpass. With this,
the thrust forces began to slowly increase with the values of
around 4,250kN. Even so, they remained within the predetermined
range below 4,600kN. The highest value of the thrust force
of 4,860kN was achieved at the chainage of 15.5m (without
the use of sliding grouting). As the underpass breakthrough
approached, the geology began to change. Sandy clays and cinder
appeared at the excavation face, the advance shield reached
the bracing of the exit portal and the tube was successfully
thrust into the designed position (Fig. 6). Thus, a breakthrough
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Obr. 7 Pohled na dokonceny podchod
Fig. 7 A view of the completed underpass

hodnota tla¢né sily 4 860 kN byla dosaZena ve staniceni 15,5 m,
a to bez pouziti kluzné injektaze. S blizicim se proraZzenim pod-
chodu se zacala ménit geologie. Na Celbé se objevily piscité hliny
a Skvara, predstitek dosahl pazeni vyjezdového portalu a tubus byl
uspésné protlacen do projektované polohy (obr. 6). Tim tedy byla
na nasledné tfeti no¢ni sméné provedena slavnostni prorazka.

Zaméreni tubusu

Po protlaceni tubusu do finalni pozice bylo provedeno kontrolni
geodetické zaméreni. Vysledky byly velmi uspokojivé. Tubus byl
smérove zatlacen s odchylkou 2 cm vpravo na délce 17,7 m. Vys-
kova odchylka od pldnované nivelety ¢inila 2,5 cm.
ZAVER

Realizace tohoto netradi¢niho podjezdu dokumentuje, Ze vyzvy
ma smysl pfijimat i pfes po¢ateéni pochybnosti a nediivéru. Uspés-
ny navrh a nésledna realizace vSak vyzaduji peclivou pfipravu s jis-
tou mirou nadseni, zvoleni bezpecnych a kontrolovanych postupt,
podporu inovaci u provadéci organizace a v neposledni fadé divéru
investora. Za zhotovitele (OHLA ZS, a.s.) je tieba déle vyzdvihnout
velmi dobrou spoluprici s investorem a spravcem traté z OR Olo-
mouc (Sprava Zeleznic, statni organizace), s projektantem podchodu
firmou Visso s.r.o0. a vy§§im zhotovitelem — firmou PORR, a.s.

Zdaftilou realizaci nejlépe dokumentuje obr. 7. Z néj by i spe-
cialista t€Zko odhadl, Ze tento podjezd ctvercového prafezu byl
realizovan protlakem, s nizkym nadloZim a pod provozovanym Ze-
lezni¢nim koridorem. Nelze neZ pfat, a to nejen cyklistim, at tento
pilotni projekt neni zdaleka posledni!

Ing. MICHAL SODOMKA,
sodomkam@ohla-zs.cz,
OHIA 78S, a.s.

Recenzoval Reviewed: Ing. Jan Frantl
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SER T
zdroj fotoarchiv OHLA ZS, a.s. source OHLA 7S, a.s. photoarchive

ceremony could take place on the subsequent third night
shift.
Tube surveying

After jacking the tube into the final position, a check survey
was carried out. The results were very satisfactory. The tube was
directionally jacked with a deviation of 2cm to the right on a length

of 17.7m. The vertical deviation from the planned alignment level
was —2.5cm.

CONCLUSION

The construction of this non-traditional underpass documents
that it makes sense to accept challenges despite initial doubts
and mistrust. However, a successful design and subsequent
construction require careful preparation with a certain degree of
enthusiasm, the selection of safe and controlled procedures, the
support of innovation in the construction organisation and, last but
not least, the trust of the client. For the contractor (OHLA ZS, a.s.),
it is necessary to highlight the very good cooperation with the
client and the rail line administrator from the Olomouc regional
directorate (Railway Administration, state-owned organisation),
with the Visso s.r.o. as the underpass designer and PORR, a.s. as
the higher level contractor.

The successful construction is best documented by Fig. 7.
It would be hard even for a specialist to guess that this square
cross-section underpass was constructed by jacking, under a low
overburden and under an operating rail corridor. One can only
wish, and not only to cyclists, that this pilot project is far from
the last!

Ing. MICHAL SODOMKA,
sodomkam@ohla-zs.cz,
OHLA 78, a.s.

[1]1 Cyklistickd stezka Litovel-Cervenka—Unicov na k.ii. Cervenka. PDPS, Visso s.r.o., 01/2019
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FOTOREPORTAZ Z VYSTAVBY TRASY D METRA V PRAZE V USEKU
STANIC PANKRAC - OLBRACHTOVA, CAST 1
PICTURE REPORT FROM CONSTRUCTION OF METRO LINED IN
PRAGUE IN THE SECTION BETWEEN PANKRAC — OLBRACHTOVA
STATIONS, PART 1

FOTO ARCHIV SUBTERRA A 3G CONSULTING ENGINEERS / SUBTERRA AND 3G CONSULTING ENGINEERS PHOTO ARCHIVE

Obr. 1 ZS PAD1b - priprava celby technologického tunelu na trhaci prdce
Fig. 1 ZS PADI1b - preparation of the service tunnel excavation face for blast-
ing operations

Obr. 3 ZS PADIb - rozplet pristupového tunelu do technologického tunelu
Fig. 3 ZS PAD1b - connection of the access tunnel to the service tunnel

Obr. 2 ZS PAD1b - geologické podminky na celbé technologického tunelu
Fig. 2 ZS PAD1b - geological conditions at the service tunnel heading

Obr. 4 ZS VO-OL - chemické injektdze stanice Pankrdc D provddéné z patni
Stoly

Fig. 4 ZS VO-OL - chemical grouting for Pankrdc D station carried out from
the bottom gallery

Obr. 5 ZS VO-OL - rozplet dvojkolejného tunelu na tunely jednokolejné
Fig. 5 ZS VO-OL - bifurcation of double-track tunnel to single-track tunnels

Obr. 6 ZS VO-OL - geologické podminky na celbé levého jednokolejného
tunelu

Fig. 6 ZS VO-OL - geological conditions at the heading of the left-hand
single-track tunnel
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FOTOREPORTAZ Z VYSTAVBY TRASY D METRA V PRAZE V USEKU
STANIC PANKRAC - OLBRACHTOVA, CAST 2
PICTURE REPORT FROM CONSTRUCTION OF METRO LINE D
IN PRAGUE IN THE SECTION BETWEEN PANKRAC - OLBRACHTOVA
STATIONS, PART 2

FOTO ARCHIV SUBTERRA A 3G CONSULTING ENGINEERS / SUBTERRA AND 3G CONSULTING ENGINEERS PHOTO ARCHIVE

Obr. 7 ZS VO-OL - roz§ifend cdst pravého jednokolejného tunelu
Fig. 7 ZS VO-OL - widened part of the right-hand single-track tunnel

Obr. 8 ZS VO-OL - razba spojky C-D (vlevo) z rozsitené Cdsti pravého jedno-
kolejného tunelu

Fig. 8 ZS VO-OL - excavation of the C-D linking tunnel (for the left) from the
widened part of the right-hand single-track tunnel

Obr. 9 ZS VO-OL - razba Stoly ze strojovny vzduchotechniky
Fig. 9 ZS VO-OL - excavation of a gallery from the ventilation plant room

Obr. 11 ZS OL2 - pohled ze Sachty pro vystavbu stanice Olbrachtova
Fig. 11 ZS OL2 — a view from the shaft for construction of Olbrachtova station

Obr. 10 ZS VO-OL - pohled do strojovny vzduchotechniky z dvoukolejného
tunelu
Fig. 10 ZS VO-OL - ventilation plant room viewed from the double-track

Za

Obr. 12 ZS OL2 - pohled do Sachty pro vystavbu stanice Olbrachtova
Fig. 12 ZS OL2 - a view down the shaft for construction of Olbrachtova station




32. rotnik - €. 2/2023

ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

OTEVIRA SE DLOUHY TUNEL PRO CYKLISTY
LONG CYCLING TUNNEL OPENING

- 117 o F
Obr. 1 Situace tunelii Fyllingsdal
Fig. 1 Fyllingsdal tunnels map

Bergen, Norway is a port city
over 300 km west of Oslo as the
crow flies. On 15 April 2023, a
long multi-purpose tunnel for
cyclists, runners and pedestrians
was opened in Bergen. It is
designed as a de facto parallel
escape route for the Fyllingsdal
tunnel opened in November
2022. It passes under Lgvstakken
mountain and connects the
residential areas of Fyllingsdalen
and Mindemyren. Supported by
government investment, the 2.5
and 3.5 metre wide pedestrian and
cycle lanes were included in the
design of the escape tunnel of the

same name. The cycling tunnel is

Obr. 3 Uprava odpocivadla v cyklotunelu Fyllingsdal
Fig. 3 Rest area in the Fyllingsdal cycling tunnel

2.9km long; riding a bicycle through the tunnel takes about 10
minutes, walking 30 to 40 minutes. The route from Fyllingsdalen
to Festplassen Square in the city centre is 7.8 km long in total and
it currently takes approximately 40 minutes to cycle between these
areas. After passing through the tunnel, cyclists will continue to
the centre of Bergen on a bicycle path separated from existing
roads, and the journey time will be reduced to ca 25 minutes.

Norsky Bergen je pristavni mésto na velmi clenitém pobrezi
Atlantického ocednu a je vzdaleno vzdusnou carou pres 300 km
zapadné od Osla. Dne 15. dubna 2023 byl v Bergenu otevien
dlouhy vicetcelovy tunel pro cyklisty, béZce a chodce. Jednd se
o tunel navrzeny de facto jako paralelni unikova cesta pro tunel
Fyllingsdal povrchové rychlodrahy, ktery byl otevien v listopadu
2022, prochazi pod horou Lgvstakken a spojuje obytné oblasti

Obr. 2 Cyklotunel Fyllingsdal pred otevienim
Fig. 2 Fyllingsdal cycling tunnel before opening

Fyllingsdalen a Mindemyren
(obr. 1). S podporou vladnich in-
vestic byly do navrhu tnikového
tunelu stejného jména zahrnuty
pruhy pro pési a cyklisty o Sifce
2,5 a 3,5 metru.

Tunel pro cyklisty (dale cyklo-
tunel — obr. 2) je dlouhy 2,9 km,
jizda na kole tunelem trva asi
10 minut, pésky 30 az 40 mi-
nut. Celkova vzdalenost trasy
z Fyllingsdalenu do Festplassen
v centru mésta je 7,8 km a v sou-
Casné dobé trvd jizda na kole
mezi témito oblastmi pribliZzné
40 minut. Po projeti tunelem bu-
dou cyklisté pokracovat do centra
Bergenu po cyklostezce oddélené
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od stavajicich dopravnich komunikaci a doba jizdy se zkrati na
cca 25 minut.

Cyklotunel bude otevien denné od 5.30 do 23.30 hod. Je vy-
baven bezpecnostnimi kamerami, dynamickym osvétlenim a ba-
revné osvétlenym umélecky ztvarnénym odpocivadlem (obr. 3).
I na sténach tunelu jsou rizné umélecké instalace, které prijezd
tunelem zpiijemnuji.

Nouzové telefony jsou k dispozici kazdych 250 metrt. Kli-
ma bude udrzovano pfi konstantni teploté 7 stupnit Celsia, coZ
z tunelu Cini atraktivni tréninkovou trasu pro béZce v chladnéj-
Sich dnech. Snahou projektu je umoznit obyvatelstvu alternativni

Obr. 4 Zizkovsky tunel pro pési a cyklisty
Fig. 4 Zizkovsky tunnel for pedestrians and cyclists

zdravy pohyb a soucasné sniZit
ve mésté intenzitu automobilové
dopravy, coz predstavuje z hle-
diska zlepSeni Zivotniho prostre-
di nezpochybnitelny piinos. Jak
cyklotunel Fyllingsdal, tak cést
cyklostezky vedouci do centra
Bergenu byly financovany pro-
stiednictvim stitem podporované
ekologické organizace Miljglgf-
tet.

Bergensky cyklotunel byl
predstaven jako nejdelSi na svéte,
coZ je mozné pfijmout s malou
vyhradou. Oznaceni, Ze je nejdel-
$im tunelem postavenym vyhrad-
né pro cyklisticky a pési provoz
opomiji jeho funkci jako tnikové
cesty tunelu Fyllingsdal méstské
rychlodrahy, nicméné pro cyklis-
ty a pési byl planovan a bude tak
vyuzit okamzité po jeho otevreni.
NejdelSi podzemni cyklostezka

je zfejmé vedena tunelem Snoqualmie pobliz Seattlu ve Spoje-
nych statech, ktery je dlouhy 3,6 km. Jedna se vSak o opustény
Zelezni¢ni tunel, ktery ptivodné plnil jinou dopravni funkci.

K tomuto tématu je vhodné pfipomenout, Ze i v Ceské republice
jsou cyklistické trasy, které také vyuZivaji tunely, i kdyZ ponékud
krat3i. Je to napf. cyklotrasa A421, kterd je v Praze vedena Ziz-
kovskym tunelem pro pési z roku 1951 v délce 303 m (obr. 4)
a propojuje Zizkov s Karlinem.

Novéjsim prikladem z Prahy je stary Vitkovsky Zeleznicni tu-
nel, ktery byl opustén po dokonceni Vitkovskych tuneld na Novém
spojeni a nasledné nové vyuzit v roce 2010 jako stezka pro pési
a cyklisty (A25) v délce 304 m
(obr. 5).

Na zavér je v dané souvislos-
ti vhodné poznamenat, Ze pro
skute¢né cyklostezky by mél byt
obecné v maximdlni moZné mife
splnén pozadavek jejich tplné se-
parace od ostatniho, zejména au-
tomobilového provozu. Soucasna
prazska dprava, kdy jsou cyklo-
stezky vyznacovany pifimo na uli-
cich s intenzivnim provozem, pfi
¢emz v obtiZznych mistech (nejen
napi. ve VysSehradském tunelu)
a pfed ruSnymi kifiZovatkami na-
hle vyznaceny pruh mizi, privadi
cyklisty do nebezpecnych situa-
ci, misto aby jich byli uchranéni.
Pravé v téchto mistech pozadova-
ny odstup 1,5 m auta od cyklisty
obvykle nelze dodrZet.

Zpracoval: prof. Ing. JIRI
BARTAK, DrSc.
Podklad: www.euronews.com

Obr. 5 Stary Vitkovsky tunel pro pési a cyklisty
Fig. 5 Old Vitkovsky tunnel for pedestrians and cyclists
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NEWS FROM TUNNELLING CONFERENCES

ZAVERECNY SEMINAR SPOLECNEHO VZDELAVACIHO PROJEKTU ZILINSKE UNIVERZITY

A VSB-TUO Z OBLASTI SILNICNICH TUNELU

FINAL SEMINAR ON THE JOINT EDUCATIONAL PROJECT OF UNIVERSITY OF ZILINA
AND VSB-TUO IN THE FIELD OF ROAD TUNNELS

On February 27, the final seminar on the Interreg 30401 1AYUS8
project “Support of joint professional educational activities
in the training of young experts in the field of road tunnels
in the cross-border region” was held in the premises of the
University of Zilina. The project was executed from September
2021 to February 2023 in cooperation with the Faculty of Civil
Engineering of the University of Zilina and the Faculty of Civil
Engineering and the Faculty of Safety Engineering of the VSB-
TUO in Ostrava; the main solvers for the entire project were
colleagues from the University of Zilina. The main objective
of the project was to increase interest in studies in the field of
design, preparation, construction, safety and operation of road
tunnels. As part of the project, excursions, internships and
lecture seminars were organised for students of both universities,
e-learning study materials were prepared and students had the
unique opportunity to try the work on a traffic control in tunnels
simulator.

27. Gnora se v prostordch Zilinské univerzity konal zdvérecny
seminai projektu Interreg 304011AYUS ,, Podpora spolocnych
odbornych vzdeldvacich aktivit v priprave mladych odbornikov
z oblasti cestnych tunelov v cezhranicnom regione “. Projekt byl
realizovan od zari 2021 do tnora 2023 ve spolupraci Fakulty sta-
vebni Zilinské univerzity a Fakulty stavebni a Fakulty bezpe¢nost-
niho inZenyrstvi VSB-TUO v Ostravé, hlavnim fesitelem celého
projektu byli kolegové ze Zilinské univerzity.

Hlavnim cilem projektu bylo zvySit zajem o studium v oblasti
projektovéni, pfipravy, vystavby, bezpecnosti a provozu silni¢nich

tuneld. V ramci projektu probihaly exkurze, stiZe a prednaskové
seminare pro studenty obou univerzit, byly zpracovany e-learnin-
gové studijni materidly a studenti méli jedineCnou moZzZnost vy-
zkouSet si praci na simulatoru fizeni provozu v tunelech.

V ramci zavérecného seminare projektu prezentoval zdstupce
firmy URANPRES spol. s r.o. zajimavé zkuSenosti s vystavbou
tunelti v Polsku, doc. Kucera z Fakulty bezpec¢nostniho inZenyr-
stvi v Ostravé se zabyval ve své prednasce problematikou mate-
matického modelovani pozart v tunelovych stavbach. Problema-
tice hlavnich prohlidek tuneltl v podminkéach Slovenské republiky
byla vénovédna prednaska Ing. Ondrejcika z Narodnej délnicnej
spolocnosti a.s. Studenty zaujala i pfednaska Ing. Frankovského
z firmy DOPRAVOPROIJEKT, a.s. zaméfend na feSeni geotechnic-
kych problémil pfi vystavbé a provozu dalni¢nich tuneld. Program
semindfe zakoncil zastupce firmy EDGE INVESTMENT s.r.o.
prednaskou s nazvem Tunel Cebrat — predpoklady a skute¢nost.

Resitelé projektu z obou spolupracujicich univerzit se shodli na
tom, Ze projektova spoluprace byla velmi pfinosna, prispéla k dal-
$imu rozvoji spoluprace obou univerzitnich pracovist i k rozvoji
spoluprace akademickych pracovist s firemni praxi. Obé€ univerzit-
ni pracovisté dékuji svym partneriim z praxe za skvélou spolupraci
a Vveri, Ze i tento projekt prispél ke zvySeni atraktivity studijnich
program, oborl a specializaci zaméfenych na problematiku tune-
1d v Ceské i Slovenské republice.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vysb.cz,
Fakulta stavebni, VSB-TU Ostrava

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

Prvni dsek Pankric — Olbrachtova vystavby nové trasy metra
I.D, ktery obsahuje dvé razené stanice Pankrdc a Olbrachtova, ra-
Zeny vice neZ 1000 m dlouhy tunelovy mezistani¢ni usek a razeny
propojovaci tunel mezi budovanou trasou D a provozovanou tra-

JelikozZ je cely realizovany usek generalné situovany do podze-
mi, tak tomu také odpovida aktualni stav rozpracovanosti, kdy se
otvird stale vice podzemnich pracovist a statistické bilan¢ni kolon-
ky se stale vice a rychleji plni pravé vyrazenymi béznymi metry
a kubickymi metry tuneli a prostort realizovaného dila.

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The second year of the construction work on the first section of
the new ID metro line, Pankrac — Olbrachtova, which includes two
mined stations Pankrac and Olbrachtova, the mined, over 1000m
long interstation tunnel section and the mined connecting tunnel
between the metro line D, under construction, and the operating
metro line C, started in April.

Since the entire section is generally located underground, the
current state of works also corresponds to this; more and more
underground workplaces are being opened and the statistical
balance columns are being filled with just completed linear metres
and cubic metres of tunnel excavation more and more quickly.
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Stanice Pankric je zakladné bu-
dovéna ze dvou smért, ze severu po
vyrazeni pristupové Stoly probiha
razba technologického bloku, kde je
ze strojovny vzduchotechniky vyra-
Zeno cca 50 m, a z jihu, kde jiZ byla
dokoncena razba patni Stoly délky
130 m. Vlastni patni $tola je zaji-
mava tim, Ze svym umisténim z po-
hledu pfi¢ného fezu ve dné stanice
urcuje jeji dalsi netradicni budouci
rozfarani smérem od spodu nahoru
a také tim, Ze v celé své délce slouZi
k provadéni chemickych injektaZi
pro zlepSeni pomérné komplikova-
ného geologického prostiedi stanice
(obr. 1).

Stanice Olbrachtova je zaklad-
né¢ raZzena ze dna hloubené pfi-
stupové Sachty (obr. 2), kterd je
z divodu Setrnosti ke zde zastiZe-
né blizké obcanské vybavenosti
a bydleni vybavena a zastfeSena
protihlukovou halou. Od cervna

Obr. 2 Pohled na dno pristupové Sachty pro stanici Olbrachtova
Fig. 2 A view down the bottom of the access shaft for Olbrachtova station

zacnou z povrchu i priace na hloubeni vestibulu a z té€chto di-
vodu jiz byla v ramci dopravnich opatfeni uzaviena ulice na
Strzi.

V mist¢ mezistanicniho udseku pfitom také uspésné pro-
bihaji razby obou tratovych jednokolejnych tunelt, kde
v pripadé toho levého je vyraZeno jiz skoro 375 m a v pfi-
padé toho pravého 200 m. Pro zlepSeni bezpecnosti pro-
vadéni razeb v tomto tuseku byly zhotoveny tfi pomocné

Obr. 1 Realizace chemickych injektdZi v patni Stole stanice Pankrdc
Fig. 1 Chemical grouting in the toe adit of Pankrdc station

The Pankréc station is basically being built from two directions,
from the north, where after the completion of the access gallery
excavation, the technical services block is being excavated (about
50m of excavation have been finished from the ventilation plant
space), and from the south, where the 130m long toe adit excavation
has already been finished. The toe adit itself is interesting due to
the fact that its location in the cross-section at the station bottom
determines its subsequent unconventional excavation continuation
from the bottom up, and also that its entire length is used for
performing chemical grouting to improve the rather complicated
geological environment of the station (Fig. 1).

The Olbrachtova station is basically driven from the bottom of a
sunk access shaft (Fig. 2) which, taking into consideration nearby

community amenities and residential buildings, is equipped and
covered by a noise attenuation shed.

i iy

Obr. 3 Realizace Sachty 83 pro provddéni aktivacnich injektdZi do podloZi
budov zastizenych raZbou

Fig. 3 Work on shaft $3 for activation grouting into foundation bed of
buildings affected by excavation




Sachty S1, §2 a S3, ze kterych se do podloZi takto dotéenych sta-
veb provadi aktivacni injektaz (obr. 3).

Pro moznost zahdjeni stavby dalSiho tseku Olbrachtova (mimo)
— Nové dvory v¢. tratovych tunelll z Pisnice trasy metra D stile
plati, Ze probiha vybérové fizeni a po podani nabidek uchazecu
probéhlo dotazovani zadavatelem a ten potom takto doplnéné na-
bidky déle vyhodnocuje. Uspé&$né& pokracuje i priprava posledniho
useku Pankrac — Namésti Miru, kde aktudln€ probihd s timto pro-
cesem spojenda majetkopravni agenda vcetné jednani s vlastniky
dotéenych nemovitosti.

Zavérem si pfipomenime, Ze planovana lhiita realizace je 7,5 let
a hlavnim cilem je zprovoznéni trasy metra D minimalné v dseku
Pankrac — Nové Dvory do konce roku 2029.

A proto jako jiz tradi¢né poprejme projektu Metro D jenom to
nejlepsi, zdar buh!

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

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Biko$

Usek R4 Severny obchvat Presova, 1. etapa tvori ¢ast dopravnej
siete Eurdpskej inie TEN-T, ktora je sicastou medzinarodného
eurdpskeho tahu E 371 v smere zo severu na juh, zndmym tieZ pod
nazvom Via Carpatia. Realizaciou tejto etapy sa prevedie doprava
v smere od Sabinova do mimouroviovej krizovatky Vydumanec
na dialnicu D1, ¢im sa odlah¢i doprava v meste PreSov. Na trase
rychlostnej cesty R4 PreSov — severny obchvat sa nachadza tunel
Bikos so stavebnymi dlzkami lavej tunelovej riiry 1 144,5 m a pra-
vej tunelovej riry 1 164,5 m.

Stavebnu Cast tunela realizovala spolo¢nost TuCon a.s. Zilina
ako ¢len zdruZenia spolocnosti Vdhostav-SK, a.s. a TuCon, a.s.,
ktoré je zhotovitelom stavby. Prace na stavebnych objektoch tu-
nela boli ukoncené v sulade s platnym harmonogramom vystavby
a splnenim milnika vystavby v termine do 1200 dni od zaciatku
lehoty vystavby. Zo stavebnych prac je potrebné esSte dokoncit
vonkajSie konecné dpravy severného a juzného portalu. V tuneli
bola stavebna cast po ukonceni cementobeténového krytu vozov-
ky a chodnikov odovzdana a zdruZenie zacalo realizovat prace na
technologickych objektoch. Z nich je v polovici aprila 2023 ukon-
¢ena montdZ nosnych konstrukcii, namontované su ventilatory
a kamerovy systém. Finalizuju sa prace v budove technologicke;j
centrdly na juznom portali. Cielom je dodrzanie terminu ukonce-
nia vystavby, ktory je stanoveny na 31. 7. 2023.

Tunel Cebrat

Tunel Cebrat dizky 3,6 km je sicastou tseku dialnice D1 Hu-
bové — Ivachnové, ktory je vo vystavbe od roku 2013. Zhotovite-
Tom stavby je zdruZenie spolo¢nosti OHLA ZS, a.s., a Vahostav-
SK, a.s.

V prvych mesiacoch roku 2023 boli uplne ukoncené raziace
prace. V polovici aprila 2023 pokracuju prace na betonédzi defi-
nitivnych beténovych konstrukcii oboch tunelovych rar. V juZnej
tunelovej rire je hotovych 141 blokov sekunddrneho ostenia, pri-
¢om sa pracuje v nudzovych zalivoch a pripravuji sa zdkladové
konstrukcie pre hibené tunely na vychodnom portali. V severnej
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From June, work on the excavation for the concourse will also
begin from the surface, and for these reasons the Na StrZi Street
has already been closed as part of traffic measures.

Excavation of both single-track running tunnels is also
successfully underway in the inter-station section, where almost
375m of excavation have been finished in the case of the left-hand
tunnel and 200m in the case of the right-hand tunnel. To improve
the safety of excavation work in this section, three auxiliary shafts
S1, §2 and S3 were carried out. Activation grouting is carried out
from the shafts into the foundation bed of the affected structures
(Fig. 3).

For the possibility of starting the construction of the next
section, Olbrachtova (excepting) — Nové Dvory, including the D
metro line running tunnels from Pisnice, it is still valid that the
tendering process is ongoing and after the submission of tenders
by the tenderers, an inquiry was conducted by the contracting
authority, who then further evaluates the supplemented tenders.
The preparation of the last, Pankrac — Namésti Miru section is
also continuing successfully. The property agenda connected with
this process is currently underway, including negotiations with the
owners of the properties affected.

To conclude, let‘s remind you that the planned construction
period is 7.5 years and the main goal is to put the D metro line
into operation, at least the Pankrdc — Nové Dvory section, by the
end of 2029.

And therefore, as always, let‘s wish the Metro D project only
the best; God Speed You!

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

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Bikos$ tunnel

The R4 road section, PreSov by-pass north, stage I forms part of
the European Union TEN-T transport network, which is part of the
international European route E 371 in the north to south direction,
also known as Via Carpatia. By implementing this stage, traffic in
the direction from Sabinov to the Vydumanec interchange will be
transferred to the D1 motorway, which will relieve traffic in the
city of PreSov. The Biko$ tunnel with the construction lengths of
the left-hand tunnel tube of 1,144.5m and the right-hand tunnel
tube of 1,164.5m is located on the route of the R4 PreSov —
Northern By-Pass express highway.

The civil engineering part of the tunnel was carried out by TuCon
a.s. Zilina as a member of the Vahostav-SK, a.s. and TuCon, a.s.
consortium of companies, which is the construction contractor.
Work on the construction objects of the tunnel was completed in
accordance with the valid construction schedule and by meeting
the construction milestone until 1200 days from the start of the
construction period. Of the construction works, it is still necessary
to complete the final external finishes on the northern and southern
portals. In the tunnel, the civil engineering part was handed over
after the completion of the concrete pavement of the roadway
and walkways, and the consortium began to work on objects for
technical facilities. Of these, the installation of the load-bearing
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Obr. 4 Pohlad do niidzového zdlivu NZ-3] v tuneli Vistiové
Fig. 4 A view down the emergency lay-by NZ-3] in the Visiiové tunnel

tunelovej rure je hotovych 89 blokov sekundarneho ostenia. Cel-
kovo je teda hotovych 230 blokov, &o predstavuje 39 % dizky tu-
nelovych riir. Dialni¢ny tsek s tunelom Cebrat by podla vyjadreni
Ministerstva dopravy mal byt dokonéeny a odovzdany verejnosti
na pouzivanie v druhej polovici roku 2024.

Tunel Visiiové

Tunel Visiiové s dizkou 7 450 m je stcastou tseku dialnice D1
Lietavska Lucka — Dubna Skala a jeho zhotovitelom je zdruZenie
.SKANSKA-VISNOVE*. Price na dokonceni najdlhsieho tune-
la v Slovenskej republike prebiehaju v nepretrzite v dvojzmenne;j
prevadzke.

Obr. 5 Oddelujiica stena na vchode do priechodného priecneho prepojenia v tuneli Visiiové
Fig. 5 Dividing wall at the entrance to a cross passage passable for persons in the Vistiové tunnel

structures was completed in
mid-April 2023. The installation
of fans and a camera system
has also been finished. Work is
being finalised in the technical
services centre building at the
southern portal. The objective
is to meet the construction
completion deadline set for July
31, 2023.

Cebrat tunnel

The 3.6km long Cebrat
tunnel is part of the D1 Hubova
— Ivachnova section of the
motorway, which has been under
construction since 2013. The
construction contractor is the
consortium of the companies
OHLA 7S, as. and Vahostav-
SK, a.s.

In the first months of 2023,
the mining operations
completely finished. In mid-
April 2023, work continues
on concreting the definitive
concrete structures of both tunnel tubes. In the southern tunnel

were

tube, 141 blocks of secondary lining are complete, while work
is being carried out in the emergency lay-bys and the foundation
structures are being prepared for the cut-and-cover tunnels at
the eastern portal. In the northern tunnel tube, 89 blocks of the
secondary lining have been completed. A total of 230 blocks
have been completed, which represents 39% of the length of the
tunnel tubes According to the Ministry of Transport, the motorway
section containing the Cebraf tunnel should be completed
and handed over to the public for use in the second half of
2024.

Visiové tunnel
The 7,450m
tunnel is part of the D1 Lietavska
Licka — Dubné Skala motorway
“SKANSKA-
consortium is

Work on the
completion of the longest tunnel
in the Slovak Republic proceeds
in two shifts.

The secondary lining in the
northern and

long Visiové

section. The
VISNOVE”
the contractor.

southern tunnel
tubes, including the emergency
lay-bys carried out using
traveller formwork, is finished
(Fig. 4). In mid-April 2023,
concreting of the last upper vault
in emergency lay-by NZ-3S in
the northern tunnel tube (block
S151 with connection to the
ventilation duct) is finished. The

secondary lining was carried out



Sekundarne ostenie v severnej a juznej tunelovej rdre vratane
nudzovych zélivov realizovanych pomocou debniacich vozikov
je ukoncené (obr. 4). V polovici aprila 2023 bola dobeténova-
na poslednd hornd klenba v nidzovom zilive NZ-3S v severnej
tunelovej rire (blok S151 s napojenim do vetracieho kanila).
Sekundarne ostenie sa tu realizovalo posuvnym systémovym
debnenim v troch krokoch — 2x bo¢na stena a samotna klenba nu-
dzového zalivu. Tymto bolo ukoncenych vsetkych 478 hornych
klenieb, ktoré boli predmetom dokoncovacich prac na sekundar-
nom osteni. V nidzovych zédlivoch NZ3-J a NZ-3S bude nasle-
dovat realizacia medzistropov a realizacia definitivnych prac vo
vetracich kandloch a vetracej Sachte. Na betonaze sekundarneho
ostenia bolo pouZitych celkovo 5 debniacich vozikov, pricom
bolo celkom 81 346 m? beténovej zmesi do zakladovych pésov
a hornych klenieb. Na blokoch sekundarneho ostenia, vratane
blokov prevzatych po predoslom zhotovitelovi, v sicasnosti pre-
biehaji povrchové upravy ostenia a tieZ realizacia Zelezobeto-
novych stien v SOS vyklenkoch. V rozsahu schvdlenom objed-
navatelom sa vykondvaju opravné prace na drendZnom systéme
tunela po predoslom zhotovitelovi tunela. Koncom marca 2023
boli ukoncené aj betondZe hornych klenieb vo vsetkych priec-
nych prepojeniach. V priechodnych prieCnych prepojeniach sa
buduji vnutorné konstrukcie — vyplne dna prepojeni, deliace
konstrukcie, stavebna pripravenost pre technologické vybavenie
tunela a finalizuju sa povrchové upravy beténovych konstrukcii
(obr. 5).

V drenaznej §tdlni sa vykondva zosilnenie ostenia na vstupnych
usekoch, betondze dna a vyklenky pre zvedenie drendZnych vod
z tunela do stredového Zlabu. Prace na portalovych Castiach sa po
zimnom obdobi opit rozbehli. Ukoncuje sa realizacia obklado-
vych konstrukcii na zdpadnom a vychodnom portili tunela. Dalej
prebiehajui prace na vystavbe kdblovych $acht a kdblovodov s pre-
pojenim tunela na prevadzkovo-technologické objekty na oboch
portéloch.

V oboch tunelovych rirach bola vykonana hruba odtazba dna
tunela a prace pokracuju na beténovani vyplne dna tunela v po-
slednych dsekoch od priecneho prepojenia PP-OV-T 25 na vy-
chodny portil v dizke priblizne 1250 m. Naplno st uZ rozbehnuté
prace na inStalacii drenaZzneho odvodnenia plane vozovky, priec-
neho prepojenia drendzneho systému pod vozovkou so zvedenim
vod do odvodiiovacej §tdlne. V tseku 2250 m v juznej tunelovej
rare bola dokonéena beténova plari vozovky s pokladkou 350 m?
beténovej zmesi za den. Kontinualne pokracuju prace aj na klade-
ni Strbinovych Zlabov odvodnenia vozovky v oboch tunelovych
rurach.

Ocakévany termin ukoncenia stavebnej Casti tunela je na konci
roku 2024. Délezitym faktorom ovplyviujicim termin odovzda-
nia dialnice s tunelom Visnové do prevadzky je prebiehajice ve-
rejné obstardvanie na zhotovitela technologického vybavenia tu-
nela. Obdlky s ponukami boli otvorené v marci 2023, ¢aka sa na
vyhodnotenie pontk a vyber zhotovitela.

TUNELY NA ZELEZNICNEJ SIETI

Rekonstrukcia Bratislavského tunela €. 2

Zeleznice Slovenskej republiky v lete 2022 podpisali zmluvu na
stavbu ,, Rekonstrukcia Bratislavského tunela & 2, ZST Bratisla-
va hl.st.“. Bratislavsky tunel &. 2 je jednokolajovy tunel s dizkou
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here with a slip form system in three steps — 2x side wall and the
emergency lay-by vault itself. In this way, all 478 upper vaults,
which were the subject of finishing work on the secondary lining,
were completed. In the emergency lay-bys NZ3-J and NZ-3S, the
construction of intermediate suspended slabs and the definitive
works in ventilation ducts and the ventilation shaft will follow.
A total of 5 traveller formwork sets were used for concreting the
secondary lining, while a total of 81,346m? of concrete mixture
was cast into the foundation strips and upper vaults. The work on
the finishes of the surface of the secondary tunnel lining blocks,
including the blocks taken over from the previous contractor, is
currently underway, as well as the concreting of reinforced concrete
walls in the emergency call niches. In the extent approved by the
client, repair work is carried out on the tunnel drainage system
installed by the previous tunnelling contractor. Internal structures
are being built in the cross passages passable for persons - filling
the bottom of the cross passage, dividing structures, construction
preparedness for the mechanical and electrical fitting out of the
tunnel; the surface finishes of the concrete structures are being
finalised (Fig. 5).

In the drainage gallery, increasing the thickness of the lining
at the entrance sections, concreting of the bottom and niches for
diverting the drainage water from the tunnel to the central drain
are being carried out. Work on the portal parts started again after
the winter period. The installation of cladding structures on the
western and eastern portals of the tunnel is being completed. Work
is also underway on the construction of cable manholes and cable
ducts, with a connection of the tunnel to operational and service
objects at both portals.

Bulk excavation of the tunnel bottom has been finished in both
tunnel tubes and work continues on the casting of concrete for the
tunnel bottom filling in the last sections from the PP-OV-T 25 cross
passage to the eastern portal at a length of approximately 1250m.
Work is already fully underway on the installation of the road bed
drainage, the transverse connection of the drainage system under
the roadway with the diverting of water to the drainage gallery.
The concrete road bed was completed in the 2250m long section
in the southern tunnel tube, with the casting of 350m? of concrete
mixture per day. Work also proceeds continuously on the laying of
slotted road drains in both tunnel tubes.

The expected completion date of the civil engineering part of
the tunnel is the end of 2024. An important factor influencing the
date of handover of the motorway with the Visnové tunnel into
service is the ongoing public procurement for the contractor for
the technical equipment of the tunnel. The envelopes with bids
were opened in March 2023, the evaluation of the bids and the
selection of the contractor are awaited.

TUNNELS ON RAILWAY NETWORK

Reconstruction of Bratislavsky tunnel No. 2

In the summer of 2022, the Railways of the Slovak Republic
signed a contract for the construction of “Reconstruction of
Bratislavsky tunnel No. 2, Bratislava main railway station”.
The Bratislavsky tunnel No. 2 is a 595.8m long single-track
tunnel, which has been in operation since 1902. The contractual
completion deadline for the reconstruction is June 2023. TuCon, a.s.
is the contractor.

The main objective of the construction is to eliminate the effect
of water, including icing in winter, on the tunnel lining in order
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Fig. 6 Lamac portal of the Bratislava tunnels, tunnel No. 1 for the right, tunnel No. 2 for the left

595,8 m, ktory je v prevadzke od roku 1902. Zmluvné ukoncenie
rekonStrukcie je jun 2023. Zhotovitelom je spolo¢nost TuCon, a.s.

Hlavny cielom stavby je elimindcia vplyvu vody, vratane zalad-
nenia v zime, na ostenie tunela tak, aby sa odstranilo riziko ohro-
zenia prevadzky Zeleznice. Realizéciou sanac¢nych opatreni sa ma
dosiahnut prakticka suchost, predizenie Zivotnosti tunela a zais-
tenie bezpecnosti Zelezni¢nej dopravy. RekonStrukciou trakéného
vedenia, rekonStrukciou osvetlenia, vymenou kolajnic, Gpravou
vonkajsich prvkov zabezpecovacieho zariadenia sa ma dosiahnut
zniZenie ndkladov na udrzbu. Sucastou zmluvného rozsahu sta-
vebnych préac st aj prace umelecko-remeselnej rekonstrukcie pa-
miatkovo chranenej stavby oboch portalov, a to nielen tunela ¢. 2,
ale aj tunela €. 1 (obr. 6).

Rekonstrukeéné préace sa zacali v auguste 2022, pricom sa pocas
vyluky v tuneli €. 1 realizovali umelecko-remeselné tpravy por-
tdlovych ciel na oboch portdloch. Po ukonceni prvej vyluky bol
z prevadzky vyluceny tunel €. 2, kde sa vykondvali nasledovné
prace: odstranenie starého torkrétového néastreku; ocistenie oste-
nia, Skdrovanie a plombovanie; injektdz ostenia aplikdciou rychlo
tvrdniicej dvojzlozkovej Zivice na baze polyuretanu v dvoch stup-
noch; hydroizola¢ny ochranny nater klenby nad trakénym vede-
nim a realizdcia zvodnic za G¢elom zachytenia a zvedenia vody
spoza ostenia do drenézZe.

V polovici aprila 2023 boli uvedené prace ukonéené, uskutocni-
la sa rekonsStrukcia osvetlenia a vykonavaji sa prace na trakénom
vedeni. Nasledne budi vymenené kolajnice a Bratislavsky tunel
¢. 2 by mal byt uvedeny do pred¢asného uZzivania v termine 10.
5.2023.

Ing. MILOSLAV FRANKOVSKY,
DOPRAVOPROJEKT, a.s.,

Ing. IVAN MICHALE, Vihostav-Sk, a.s.,
Ing. ROBERT ZWILLING, Skanska SK a.s.,
Ing. JAN KUSNIR, Ministerstvo dopravy SR

to eliminate the risk of endangering the operation of the railway.
The rehabilitation measures aim to achieve practical dryness,
extend the tunnel life and ensure the safety of rail traffic. The
reconstruction of the catenary system, the reconstruction of the
lighting, the replacement of the rails, and the modification of the
external elements of the signalling and communication system
should achieve a reduction in maintenance costs. Part of the
contractual scope of construction work is also the work on artistic
and craft reconstruction of the listed structures of both portals, not
only of tunnel No. 2, but also tunnel No. 1 (Fig. 6).

The reconstruction work began in August 2022, while during the
closure of traffic in tunnel No. 1, artistic and craft modifications
of the portal faces of both portals were carried out. After the
end of the first closure, operation was closed in tunnel No.
2, where the following works were carried out: removal of old
shotcrete; cleaning of tunnel lining, jointing; injection of grout
into the tunnel lining, applying rapid hardening, two-component
polyurethane-based resin in 2 stages; protective waterproofing
coating of the vault above the catenary line and the installation of
transverse drains for the purpose of capturing and diverting water
from behind the lining into the drainage.

In mid-April 2023, the above-mentioned work was completed,
the reconstruction of the lighting was finished and work on the
catenary is being carried out. Subsequently, the rails will be
replaced and Bratislavsky tunnel No. 2 should be opened for early
use on May 10, 2023.

Ing. MILOSLAV FRANKOVSKY,
DOPRAVOPROJEKT, a.s.,

Ing. IVAN MICHALE, Vihostav-Sk, a.s.,
Ing. ROBERT ZWILLING, Skanska SK a.s.,
Ing. JAN KUSNIR, Ministerstvo dopravy SR
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S ZELEZNICNiMI TUNELY A S LOKOMOTIVAMI lil, OPET V CR
PICTURE POSTCARDS WITH RAILWAY TUNNELS AND LOCOMOTIVES I,

AGAIN IN THE CZECH REPUBLIC

There are infinitely more locomotives than tunnels. In real life
and on postcards. And if there is a steam locomotive in real life
or on a picture postcard, the heart of every admirer of train trans-
port will rejoice multiply! There are certainly more people among
followers of philocartia (collectors of old postcards) who are at-
tracted to locomotives than those who are interested in tunnels.
That is why there are also more postcards with trains and locomo-
tives in the collections than those with tunnels. Nevertheless, there
is also an intersection between both genres. Therefore, the current
volume of postcards with tunnels can follow on from the postcard
sets (postcards of tunnels with locomotives) already printed in the
Tunel journal issues 4/2015 and 2/2020.

Lokomotiv je neskonale vic nez tuneld. V redlném Zivot€ i na
pohlednicich. A je-1i v redlu ¢i na pohlednici lokomotiva parni,
zaplesa srdce kazdého obdivovatele vlakové dopravy nasobné!
Mezi vyznavaci filokartie (mezi sbérateli pohlednic) je s jistotou
také vice téch, které pritahuji lokomotivy neZzli téch, které zajimaji
tunely. Proto je ve sbirkach také vic pohlednic s vlaky a lokomo-
tivami nezli té€ch s tunely. Nicméné existuje i pranik obou zanra.
Proto také muze aktudlni dil pohlednic s tunely navazat na sou-
bory (pohlednic tuneld s lokomotivami) jiZ otisténé v ¢asopisech
Tunel 4/2015 a 2/2020.

Spi¢acky tunel

Spi¢acky Zelezni¢ni tunel (obr. 1) se nachazi na trati Plzen — Ze-
lezna Ruda, mezi zastidvkou Hojsova Straz-Br¢alnik a stanici Spi-
¢ak. Byl postaveny v letech 1874—1877, se slavnostnim otevienim

Obr. 1 Reprodukce pohlednice z roku 1912 zachycujici osobni vlak s lokomo-
tivou 26.02 (pozdéji u CSD Fada 233.1) pri vyjezdu ze severniho portdlu tune-
Iu na Sumavském Spicdku. Sbirka Martin a Pavel Reisser. Zelezniéni spolek
v Rokycanech. Po roce 2000 [sbirka autorit].

Fig. 1 Reproduction of a picture postcard from 1912 depicting a passenger
train with locomotive 26.02 (later Czechoslovak Railways series 233.1) exiting
from the northern portal of the tunnel at Spi¢dk mountain in Sumava moun-
tains. Martin and Pavel Reissers’ collection. Railway fellowship in Rokycany.
After 2000 [authors’ collection].

11. 10. 1877 jako dvoukolejny, ale provozovan je celou dobu jako
jednokolejny. Svymi 1 747 m byl dobové nejdelsim v R-U a az do
roku 2007 také nejdelsim v CR. Toto prvenstvi bylo predstiZeno
o pouhych 11 m tunelem Biezenskym. Otevienim Ejpovického tu-
nelu (4 150 m) roku 2018 se pak Spi¢4cky tunel posunul na dne$ni
3. pricku.

Realizace tunelu pfisla na 1,8 mil. zlatych (dneSni ekvivalent
cca 216 mil. K¢). Pfi trhacich pracich se spotfebovalo na 90 t dy-
namitu, razba probihala soub&zné na Sesti celbach — dvou z portalt
a po dvou ze Sachet, vzdalenych 650 m od portala — severni hlubo-
ké 127 m a jizni 112 m. Planované pouZiti anglické tunelovaci me-
tody se zdafilo jen od severniho portélu, ostatni razby byly zméné-
ny na moderni rakouskou tunelovaci metodu. Tunel byl obezdény
pouze Castecné, 509 m v celém profilu, dal§ich 220 m jen do rizné
vysky opér, bez kleneb.

Na stavbé se podileli délnici z celého R-U a pfi stavbé jich néko-
lik desitek zahynulo. LeZi na hibitové Barabd, asi 100 m za kaplic-
kou sv. Antonina a sv. Barbory z let 1836—1839, pfi silnici smérem
na Spicak [1, 2].

Obr. 2 498.040. Trojcitd rychlikovd lokomotiva 2° D1’ . Vyrobek plzeriské loko-
motivky Skoda z roku 1947. Foto © Pavel Vanéura. Nakladatelstvi PressFoto
Praha. Okolo 1970 [sbirka autorii].

Lokomotiva 498.040 prezdivand Albatros vyjizdi z jizniho portdlu tunelu Vino-
hradsky I, vlevo je patrnd cdst portdlu tunelu Vinohradsky 1.

Fig. 2 498.040. 4-8-2 three cylinder express locomotive. Built in 1947 by Skoda
Locomotive Works. Photo © Pavel Vancura. Publisher PressFoto Praha.

Around 1970 [authors’ collection].

Locomotive 498.040 nicknamed Albatros exiting from the southern portal of the
Vinohrady II tunnel, part of the portal of the Vinohradsky I tunnel is visible for
the left.

Tunel Vinohradsky Ii

Jako Vinohradské jsou pojmenované tii soubézné Zzeleznicni
tunely v Praze, skrze které vede celkem Sest koleji ze stanic Pra-
ha-VrSovice a Praha-VySehrad do stanice Praha hlavni nadrazi.
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Dnes patii mezi nejdelsi v CR. Tunel Vinohradsky I z roku 1871
je dlouhy 1 145,5 m, tunel Vinohradsky II z roku 1944 je dlouhy
1 126,32 m a tunel Vinohradsky III z roku 1989 se po 333 m ve
sméru k HI. nadrazi vétvi na Vinohradsky II1a (791 m) a Vinohrad-
sky IIIb (769 m). NejstarSim tunelem dnes jezdi vlaky smérem na
Smichov, druhym a tfetim vede trat do Ceskych Budgjovic.

Tunel Vinohradsky II (obr. 2) je trasovany vychodné a soubézné
od tunelu I. Prorazeny byl 6. 3. 1944 a v provozu je od 15. 8 téhoZ
roku (uvadi se téz 1. 11. nebo 10. 11.). Stavbu provadéla firma
Krulis. Po dokonceni rekonstrukce tunelu I v roce 1948 byly obé
trat€ od sebe opét odd€leny, kazd4 svym tunelem [1, 3].

Obr. 3 Parni lokomotiva 423.009 pri vyjezdu z portdlu Pécinského tunelu. Vy-
ddno pro Letohradsky Zelezni¢ni klub, 44/2010. Foto © Jiri Adolf. Vydavatel-
stvi a tisk: OFTIS Usti nad Orlici. Po roce 2000 [sbirka autorii].

Lokomotiva vyjizdi z vychodniho portdlu tunelu. Zretelné je vidét osazeni pamét-
ni desky (stejné jako na obr. 4).

Fig. 3 Steam locomotive 423.009 at the exit from the portal of the Pécinsky tun-
nel. Published for the Letohrad railway club, 44/2010. Photo © Jiri Adolf. Pub-
lisher and printer: OFTIS Usti nad Orlici. After 2000 [authors’ collection)].

The locomotive exiting from the eastern portal of the tunnel. The placement of
the commemorative board can be clearly seen (as in Fig. 4).

200%

100 1ot drsny

Obr. 4 Vyddno u prileZitosti oslav 100 let trati Doudleby — Rokytnice mot. viiz
M131.1228 v portilu Pécinského tunelu. Vyddno pro Letohradsky Zelezni¢ni
klub. Foto © Jifi Adolf. Vydavatelstvi OFTIS Usti nad Orlici. 2007 [sbirka
autorii].

Fig. 4 Issued on the occasion of the celebration of 100 years of the Doudleby
— Rokytnice track, motor carriage M131.1228 at the Pécinsky tunnel portal.
Published for Letohrady railway fellowship club. Photo © Jiri Adolf. Publish-

er OFTIS Usti nad Orlici, 2007 [authors’ collection].

Pécinsky tunel

PéCinsky Zeleznic¢ni tunel leZi na regiondlni trati 023 Doudleby
nad Orlici — Rokytnice v Orlickych horach, mezi dopravnou Sla-
tina nad Zdobnici a zastavkou Pécin. Investorem trati byla Spo-
le¢nost mistni drahy Doudleby—Vamberk—Rokytnice, kterd také
drahu vlastnila az do zestatnéni 1. 1. 1925. Koncese pro stavbu
byla udélend 27. 12. 1904, trat stavéla firma Zdenék Kruli§ z Pra-
hy (P&Cinsky tunel byl dokonceny v roce 1906), zahdjeni provozu
pfipadlo na 14. 10. 1906.

Tunel méfi 100,76 m, u vychodniho portalu se nachazi 30 m
opérné zdi (obr. 3 a 4). A pravé zde byla osazena bronzova pamét-
ni deska u prilezitosti dokonceni 1 000 km cCeskych lokalek ga-
rantovanych Zemskym vyborem Kralovstvi ¢eského. V roce 1945
byla tabule jako kulturni paméatka sejmuta a uloZzena v NTM. Jeji
replika byla v roce 2010 odcizena a znicena. Nova kopie ji posléze
nahradila v roce 2014 [1, 4].

Obr. 5 Parni lokomotiva fady 423.009 vjizdi do portdlu Vojtiskovského tunelu.
Foto © Jiri Adolf. Vyddno pro Letohradsky Zelezni¢ni klub. Vydavatelstvi OF -
TIS Usti nad Orlici. 2007 [sbirka autorii].

Popis na rubu pohlednice (viz vySe) uvddi mylné nesprdvny ndzev tunelu, odka-
zujici k blizké obci Vojtiskov. Sprdvny ndzev tunelu je totiz Vlasky, podle stejno-
Jjmenné Zeleznicni zastdvky a osady. Lokomotiva vjiZdi do vychodniho — Hanu-
Sovického — portdlu tunelu.

Fig. 5 The steam locomotive series 423.009 enters the portal of the VojtiSkovsky
tunnel. Photo © Jiri Adolf. Issued for Letohrad railway club. Publisher OFTIS
Usti nad Orlici. 2007 [authors’ collection].

The description on the back side of the picture postcard (see above) erroneously
states the wrong name of the tunnel, referring to the nearby village of Vojtiskov.
The correct name of the tunnel is Vlasky, after the intermediate railway sta-
tion and the settlement of the same name. The locomotive enters the eastern —
Hanusovice — portal of the tunnel.

Viasky tunel

Vlasky Zelezni¢ni tunel (obr. 5) mezi zastdvkami Vlaské a Pod-
lesi je jednim ze dvou, které se nachézeji na trati 025 HanuSovice
— Dolni Lipka. Je dlouhy 158,8 m a roku 1873 byl stavény pro dvé
koleje, provozovana je vSak jen jedna. Trat HanuSovice — Dolni
Lipka vlastnila od roku 1873 az do zestitnéni 1895 spolecnost
Moravska pohrani¢ni drdha. Koncese byla vydana 11. 9. 1871
a31.7. 1872 byly zahajeny prace stavebni spolecnosti Wiener Ei-
senbahnen Baugesellschaft. Po jejim tpadku prevzala a také do-
koncila stavbu firma bratii Kleint. Provoz trati byl zahéjen 15. 10.
1873.

Generdlni oprava tunelu probé&hla roku 1955 [1, 5].




Tunel Karlovsky I

Zelezni¢ni tunel Karlovsky I (obr. 6) na trati 086 Liberec — Ces-
ka Lipa se nachadzi mezi stanici Karlov pod JeStédem a zastav-
kou Krystofovo Udoli. Byl dén do provozu roku 1900, je dlouhy
317,7 m a je jednokolejny. Tunel byl vyraZeny firmou podnikatele
Ing. Luigi Pelli anglickou metodou, pficemz zde byly u nés poprvé
pouzity elektrické stacionarni vrtacky a elektrické ventilatory. El.
proud pro stavbu vyrdbéla dynama pohanénd parnim strojem.

Tunel protind tzemi ndrodni pfirodni pamétky Karlovské buci-
ny [1, 6].

Obr. 6 ??? Foto Matyds Gdl www.pohlednictvi.cz

Severni, tedy Krystofovsky portdl tunelu Karlovsky 1. Urceno podle cdsti ndvés-
tidla pred tunelem a podle vyrazné barvy na portdlu. Lokomotiva nese jméno
Litovel. Snimek piisobi mimorddné dynamicky.

Fig. 6 ??? Photo Matyds Gdl www.pohlednictvi.cz

The northern, i.e. Krystofov, portal of the Karlovsky I tunnel. Determined accord-
ing to the part of the signal post before the tunnel and by the distinctive colour on
the portal. The locomotive is named Litovel. The picture looks extremely dynamic.

..b- -
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Vyrodi 30 let Elektroniki - 743.006 a 743.

Obr. 7 Vyroci 30 let Elektronikii — 743.006 a 743.004. Z tunelu mezi stanici
Raspenava a Oldrichov v Hdjich, které leZi na trati ¢. 037 ve Frydlandském vy-
béZku severnich Cech, vyjiZdi 9. kvétna 2006 ndkladni viak vedeny libereckym
dvojcetem lokomotiv 743.006 a 004. www.zubacka.cz . © SURA s.r.o., Rokytni-
ce nad Jizerou, foto: Petr Holub. 2000 [sbirka autorii].

Liberecky (jihozdpadni) portdl tunelu MniSeckéeho.

Fig. 7 30 years anniversary of Elektronics — 743.006 and 743.004. On May
9, 2006, a freight train towed by the Liberec twin locomotives 743.006 and
004 exits from the tunnel between Raspenava and Oldrichoy stations in Hdje,
which is located on track No. 037 in the Frydlant headland in northern Bo-
hemia. www.zubacka.cz . © SURA s.r.o., Rokytnice nad Jizerou, photo: Petr
Holub. 2000 [authors’ collection].

Liberec (southwestern) portal of Mnisek tunnel.
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Mnisecky tunel

MniSecky Zelezni¢ni tunel (zvany nékdy téZ Hemris$sky) se na-
chdzi mezi zastivkou Oldfichov v Hajich a stanici Raspenava.
Vede pod Oldtichovskym sedlem, na trati ¢islo 037 spojujici Libe-
rec s Cernousy a polskym Zawidéwem. Tunel je dlouhy 529,4 m,
stavény byl pro dvé koleje, nicméné dodnes je jednokolejny. Do
provozu byl uvedeny v roce 1875.

Vlevo od libereckého portalu (obr. 7 a 8) je ve skdle vsazena
desticka pripominajici délnika Pietra Pojera, jenZ v prosinci roku
1873 zahynul pfi razbé. Nad masivnim portalovym véncem je vro-
¢eni 1949, odkazujici na prestavbu tohoto portalu. Raspenavsky
portél na opacné strané je opatieny datem 1988, rovnéZ k pripo-
menuti rekonstrukce portalu. Tunelova trouba byla sanovana stfi-
kanym betonem, potiZe s vytoky vody vSak pretrvaly [1, 7].

Obr. 8 Zeleznice na Liberecku. 1 Oldrichovsky tunel, 2 Novina, 3 Oldrichov
v Hdjich, 4 Josefu Diil, 5 Machnin. Okénkovd pohlednice. © Pro Déti Zemé
Liberec Jan Pikous ml. 2002 [sbirka autorii].

Oldrichovsky tunel neexistuje — v prvnim okénku jde (stejné jako na obr. 7) o ji-
hozdpadni portdl MniSeckého tunelu.

Fig. 8 Railways in Liberec region. 1 Oldfichovsky tunnel, 2 Novina, 3
Oldrichov v Hdjich, 4 Josefuv Dul, 5 Machnin. Window postcard. © For Chil-
dren of the Earth Liberec Jan Pikous sen. 2002 [authors’ collection)].

The Oldrichovsky tunnel does not exist - in the first window it is (as in Fig. 7) the
southwest portal of the MniSecky tunnel.

Muzlovsky tunel

Muzlovsky Zelezni¢ni tunel se nachizi na trati Brno — Ceska
Trebova, mezi zastdvkami Dlouh4 a Hradec nad Svitavou (obr. 9).
Tunel je pojmenovany podle jiz zaniklé obce Muzlov (v nékte-
rych pramenech se lze setkat i se zkomolenym ndzvem tunel
MuzZlovsky). Vystavba trati patfici k nejstar§Sim na naSem uzemi
zaCala roku 1843 v Obfanech u Brna. Pivodni drdha, pouze jed-
nokolejnd, byla uvedend do provozu 1. 1. 1849, zdvoukolejnéni
probéhlo do roku 1869. Roku 1861 byl instalovan Morsetv tele-
graf a o rok pozdéji zacala trat slouZit rychlikové dopravé. Po vice
nez 100 letech (1992-1998) probéhla modernizace tzv. 1. Zelez-
ni¢niho koridoru (Décin—Praha—Bfteclav) a trat byla zcela elektri-
zovana.

Dvoukolejny tunel z roku 1848, dlouhy 227 m, prordZi upati
Baninského vrchu v ostrohu feky Svitavy. Nachazi se v pramenisti
Bfezovského vodovodu pro Brno. V 50. letech 20. stol. byl tunel

vy

v ramci pripravy elektrizace trati za provozu rozsiteny [1, 8].
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Obr. 9 Elektrickd jednotka 682 001-3 (Pendolino) vyjizdi z tunelu u Dlouhé.
Vyddno pro Letohradsky Zelezni¢ni klub. Foto © Jifi Adolf. Vydavatelstvi
OFTIS Usti nad Orlici. 2005 [sbirka autorii].

Vlak vyjizdi z jizniho (Brezovského) portdalu Muzlovského tunelu. Na pohlednici
Jje patrnd trasa zesilovaciho napdjeciho vedeni pres kopec nad tunelem.

Fig. 9 Electric unit 682 001-3 (Pendolino) exiting from the tunnel near Dlouhd.
Issued for Letohrad railway club. Photo © Jiri Adolf. Publisher OFTIS Usti
nad Orlici. 2005 [authors’ collection].

The train exiting from the southern (Brezovd) portal of the Muzlovsky tunnel.
The route of the booster feeder line over the hill above the tunnel can be seen
on the postcard.

Dolnolucansky tunel

Dolnolucansky Zelezni¢ni tunel (obr. 10) se nachazi na regional-
ni Zelezni¢ni trati 036 Liberec—Tanvald—Harrachov mezi stanice-
mi Jablonecké Paseky a Lucany nad Nisou.

Usek z Liberce do Jablonce n/N byl zprovoznény roku 1888,
1894 bylo otevieno pokracovini z Jablonce n/N do Tanvaldu.
Pokracovani do Kofenova mélo propojit stavajici trat€¢ Liberec—

Obr. 10 ® Tunel u Jablonce nad Nisou (810 461) ® U Prosece nad Nisou
(743 008) ® Smrzovka (721 515) ® Soubéh trati u Zelezného Brodu (750 401
a 721 515). Foto © Jan Vasicek. 1999 [sbirka autorii].

V prvnim okénku pohlednice vyjizdi motorovy viiz z vychodniho portdlu Dolno-
lucanského tunelu.

Fig. 10 ® Tunnel near Jablonec nad Nisou (810 461) ® Near Prosec nad Nisou
(743 008) ® Smriovka (721 515) * Switch of tracks near Zelezny Brod (750 401
a 721 515). Photo © Jan Vasicek. 1999 [authors’ collection].

In the first window of the postcard, an engine carriage exiting from the eastern
portal of the Dolnolucansky tunnel.

Tanvald a Zelezny Brod—Tanvald s pldnovanou trati Jelenia Géra-
-Kofenov (Zackenbahn), a tim i R-U s Pruskem.

Jednokolejny tunel Dolnolucansky byl vyrazeny ve svahu Stol-
niho vrchu roku 1894 a je dlouhy 82 m. Aktudlni stav tunelu vy-
Zaduje rekonstrukci, kterd je planovana na rok 2024. Vzhledem
k prasakim vody, které zpisobuji v zimnim obdobi vznik ram-
pouchd a ledopadl, a tim velké komplikace pro provoz, bude
rekonstrukce provedena rozsifenim profilu a vybudovanim zcela
nového dvouplastového osténi. Soucasné bude tunel prodlouzen
na 100 metri pro sniZeni rizika padl skalnich dlomku do kolejisté
[1,9, 10].

Obr. 11 Zeleznicéni trat Loket — Kridsny Jez. ® Horni Slavkov (820 068 a 820 056)
e Udoli (820 057) * U Udoli (820 057) * Horni Slavkov (820 056). www.
k-report.cz . Foto © Jan Vasicek. Publisher k-REPORT, Praha. 2000 [sbirka
autorii].

V okénkdch pohlednice je vpravo nahore motorovy viiz v jiznim portdlu Cechs-
ského tunelu a vlevo dole v jiznim portdlu tunelu Loketsky I.

Fig. 11 Loket — Krdsny Jez rail track. ® Horni Slavkov (820 068 a 820 056)
o Udoli (820 057) U Udoli (820 057) ® Horni Slavkov (820 056). www.k-
report.cz . Photo © Jan Vasicek. Publisher k-REPORT, Praha. 2000 [authors’
collection].

In the top right corner of the postcard windows, there is an engine carriage in
the southern portal of the CechSsky Tunnel and, in the bottom left corner, an
engine carriage in the southern portal of the Loket I tunnel.

Cechs$sky a Loketsky tunel |

Cechssky jednokolejny tunel (obr. 11) se nachézel na Zeleznicni
trati 144 Krasny Jez—Loket mezi stanici Udoli a Loket predmés-
ti. Trat se Ctyfmi tunely byla postavend spolecnosti C. k. statni
drahy jako pokracovani z Lokte do Krasného Jezu. Stavba byla
zahdjend 12. 10. 1899 a uvedena do provozu 7. 12. 1901. V 50. le-
tech 20. stol. byla trat rekonstruovana pro dopravu uranové rudy.
V roce 1997 byl provoz zastaven.

Tunel je vyrazeny v severovychodnim uboci kopce Lnény vrch,
v CHKO Slavkovsky les.

Nézev 63,1 m dlouhého tunelu Cechsského je jazykové chybny
— spravné by mélo byt tunel CeSsky, a to podle ptivodniho némec-
kého nazvu dnesni vsi Udoli — Zech (Sesky piepis Cech). Tunel je
i tak jednou z mala pamatek na ptivodni nazev této obce.

Rovnéz jednokolejny tunel Loketsky I (obr. 11) je opustény Ze-
lezni¢ni tunel na dseku trati 144 Krasny Jez—Loket mezi stanici




Udoli a Loket pfedmésti. Jeho osudy jsou spole¢né s tunelem
Cechs$skym a se svymi 65,4 m je také témér stejné dlouhy [1, 11,
12].
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V cervnu tohoto roku oslavil vy-
znamné Zivotni jubileum, sedmde-
sat let od svého narozeni, pan doc.
Ing. Vladislav Hordk, CSc., laskavy,
upfimny a vzdy Cestné jednajici Clo-
veék, ktery nikdy a nikomu neodmitl
jakoukoliv pomoc ¢i cennou radu,
velmi pfijemny spolecnik s obrov-
skym prehledem v oblasti podzem-
niho stavitelstvi, historie, geografie,
literatury, faleristiky a numismatiky.
Vasni mu jsou historické artefakty
a literatura tykajici se predevsim tunelafstvi a hornictvi. Jeho sbir-
ky jsou vzdcnym muzeem a galerii technickych véd. Je znalcem
tuneld a podzemnich staveb, jejichZ genezi spolu s nim pravidelné
sdilime aktudlné formou historickych pohlednic v Casopise Tunel.
Jeho staté, obvykle uvedené na konci kazdého ¢isla, by si zaslouZi-
ly, jakoZto klenot nasi tuneldiské knihovny, samostatného vydani.

Cely svtij profesni Zivot zasvétil dvéma institucim. Prvni byla
spolecnost GEOtest Brno, druhou pak je dodnes Stavebni fakulta
Vysokého uceni technického v Brng&, Ustav geotechniky. Zde pod
jeho rukama docenta proslo a prochazeji dodnes za vice neZ tricet
let stovky studentl. Desitky z nich po absolutoriu zahajily svoji
profesni kariéru ve spolecnosti AMBERG Engineering Brno, a.s.
a vétSina z nich i nyni pokracuje v projektové ¢innosti u této firmy.

Jeho Zivot je jako vétev obalend plody, il plny vcelstva, roubova-
ny sad. Pfejeme panu docentu Horakovi hodné kvetouctho zdravi.

Ing. VLASTIMIL HORAK,
¢len redakéni rady casopisu Tunel

In June of this year, doc. Ing. Vladislav Horak, CSc., a kind,
sincere and always honest person who never refused anyone
any help or valuable advice, a very pleasant companion with a
huge overview in the field of underground construction, history,
geography, literature, phaleristics and numismatics, celebrated a
significant life anniversary, seventy years since his birth. Historic
artefacts and literature relating mainly to tunnelling and mining
are his passion. His collections are a rare museum and gallery of
technical sciences. He is an expert on tunnels and underground
structures the genesis of which we regularly share with him,
currently in the form of historic postcards in the Tunel journal.
His articles, usually given at the end of each journal issue,
would deserve a separate edition as a jewel of our tunnelling
library.

He dedicated his entire professional life to two institutions. The
first one was the company of GEOtest Brno, the second is still the
Faculty of Civil Engineering of the Technical University in Brno,
the Institute of Geotechnics. Hundreds of students have passed the
institute under his docent‘s hands and are still passing it for more
than thirty years. After graduation, dozens of them started their
professional careers at AMBERG Engineering Brno, a.s. and most
of them continue their designing activities with this company even
now.

His life is like a branch covered with fruit, a beehive full of bees,
an engrafted orchard. We wish docent Hordk a lot of flourishing
health.

Ing. VLASTIMIL HORAK,
member of Editorial Board of Tunel journal
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