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Vazeni pratelé,

vzhledem k tomu, Ze se vim do rukou dostdva prvni leto$ni ¢islo naSeho odborného periodika, ivodem mi dovolte, abych
vam za celou redakci Casopisu Tunel, pfestoZe letoSni rok si jiz odkrojil ¢ast ze svého vyméfeného Casu, popial do jeho zbylé
veétsi Casti hodné zdravi a Zivotnich tspéchu.

Jak jiZ nastinil v editorialu minulého lotiského &isla kolega Ing. Pavel Sourek, to leto$ni &islo ¢asopisu Tunel bylo poprvé
pfipravovano jiz pod taktovkou nového piedsedy redakéni rady Ing. Borise Sebesty, i kdyZ za plné podpory pana prof. Ing.
Jifiho Bartaka, DrSc., nepochybné nejvétsi tunelarské kapacity v nasi zemi.

Byva zvykem, Ze v kazdém Cisle se snazime vénovat hlavni prostor nékteré z vyznamnych spolecnosti, zabyvajicich se mimo
jiné podzemnim stavitelstvim, a jak je jiZ patrné z desek obélky, i v tomto ¢isle tomu nebude jinak. Tentokrat jsou to stavebni spo-
le¢nost HOCHTIEF CZ a. s., ¢len nadndrodniho holdingu s dlouholetou historii, a spole¢nost Mott MacDonald CZ, spol. s r.o0.,
ktera je rovnéz soucasti mezinarodni skupiny poskytujici sluzby v oborech technického inZenyrstvi a technicko-ekonomického poradenstvi.

V ¢isle 1/2022 miZete naptiklad pomysiné nahlédnout pfimo pod pokli¢ku zhotovitelim od prvné zminované stavebni spole¢nosti pfi realizaci
stavebni ¢asti inZenyrskogeologického prizkumu trasy metra I.D v lokalité¢ VO-OL nebo pfi vystavbé bezbariérového zpfistupnéni stanice metra
Karlovo namésti. V obou ¢lancich se dozvite o zajimavostech a problémech, se kterymi se stavbari pfi realizaci téchto projekti potykali, nebo se
muzete v dalSim ¢lanku dozvédét zajimavé informace o vystavbé dalsiho tiseku metra v hlavnim mésté Déanska. Dale se v tomto Cisle prostiednic-
tvim ¢lankl pfeneseme na budouci stanici trasy metra I.D Nové Dvory, kde se od inZenyra ze spolecnosti Mott MacDonald CZ, spol. s r.o. dozvite
informace o slozitosti navrzeného technického feSeni budouci realizace stanice a o problematice statického navrhu primarniho osténi ¢sti stanice
Nové Dvory za pomoci prostorového modelu. Z Prahy se pak s kolegy z Mott MacDonald CZ, spol. s r.o. jesté pfesuneme Zelezni¢nim koridorem
na jih do pfipravovaného Hosinského a Chotycanského tunelu, kde se mimo jiné dozvime i to, jaka jsou v tunelech navrZena bezpecnostni feSeni.
Kdo se v dnesni prapodivné ,,covidové* dobé, v Case Casto uzavienych hranic, nedostal do zahrani¢i, miZze se diky ¢lanku nasich slovenskych kolegti
podivat do PreSova na nové otevieny délni¢ni tunel.

Z uvedeného rychlého piehledu pripravenych clanku je patrné, Ze obsahové je znacnd Cast prostoru ¢asopisu vénovana metru I.D. Neni tomu
nahodou, protoZe jestli vSe v pokracovani legislativni piipravy dopadne tak, jak si moznd blahové piejeme, v pfiStim Cisle se snad jiz dozvite, Ze
tak dlouho ocekdvana stavba dalsi trasy prazského metra jiZ byla skute¢né zahajena. Nepredbihejme vsak, jako vzdy, vSe ukaze a skutecné potvrdi
az Cas.

Pékné a poucné ¢teni vam pieje

Ing. MICHAL SERAK
¢len redakéni rady

Dear friends,

with respect to the fact that the first this year’s issue of our professional periodical is arriving in your hand, allow me to begin on behalf of all
TUNEL journal editors by wishing you good health and lots of life achievements, even though this year has already cut some of its time.

As my colleague Ing. Pavel Sourek outlined in the editorial in a last year‘s journal issue, this year*s issue of TUNEL journal was prepared for
the first time under the leadership of the new chairman of the Editorial Board Ing. Boris Sebesta, although with the full support of Prof. Jiii Bartik,
DrSc., undoubtedly the largest tunnelling capacity in our country.

It is customary that in each issue we try to dedicate the main space to some of the major companies engaged, among other things, in underground
construction, and as it can be seen from the cover, this issue will not be different. This time they are the construction company HOCHTIEF CZ a. s.,
a member of a multinational holding company with a long history, and Mott MacDonald CZ, spol. s r.o., which is also part of an international group
providing services in the fields of technical engineering and technical and economic consulting.

In issue 1/2022, for example, you can get an imaginary look directly under the hood of contractors from the first above-mentioned construction
company during the civil engineering part of the geological survey of the I.D metro line in the VO-OL location, or during the construction of barrier-
free access to the Karlovo Namésti metro station. In both papers, you will learn about the interesting facts and problems that the builders faced during
the work on these projects, or you can learn interesting information about the construction of another section of the metro in the capital of Denmark.
Furthermore, in this issue we will pass to the future Nové Dvory station of the I.D metro line, where you will learn from Mott Mott MacDonald
CZ, spol. s r.o. engineers about the complexity of the proposed technical solution to the future construction of the station and the static design of
the primary lining of Nové Dvory station using a spatial model. From Prague, will move with our colleagues from Mott MacDonald CZ, spol. s r.o.
south along the railway corridor to the planned Hosin and Chotycany tunnels, where we will learn, among other things, which safety solutions are
proposed for the tunnels. Whoever has not get abroad in today ‘s strange ,,covid* time, at a time of often closed borders, can, with the help of a paper
by our Slovak colleagues, look at the newly opened motorway tunnel in PreSov.

From the above-mentioned quick overview of the prepared articles, it is clear that a significant part of the journal‘s space is devoted to the I.D
metro line. It is no accident, because if everything goes on in the continuation of the legislative preparation, as we may wish foolishly, in the next
issue you may find out that the long-awaited construction of another Prague metro line has actually started. However, let us not overtake, only time
will show and really confirm things.

I wish you a nice and informative reading

Ing. MICHAL SERAK
Member of Editorial Board




VAZENE DAMY A PANOVE,
VAZENI PROFESNI PRATELE,

jsem poctén nejen za spolecnost HOCHTIEF CZ, ale
i za sebe, Ze mohu mit dvodni slovo k vydani ¢asopisu
Tunel, jehoZ ¢ast je vénovana prezentaci ¢innosti nasi
stavebni spole¢nosti.

Spolec¢nost HOCHTIEF CZ patii mezi lidry na sta-
vebnim trhu, a to jak v segmentu pozemniho, tak i do-
pravniho stavitelstvi a s nim spjatou praci v podzemi,
kterou povazujeme za jednu z nasSich klicovych kom-
petenci. Toto odborné know-how rozvijime v nasi divizi Dopravni
stavby, kterd se za patnéct let své existence podilela na fadé vy-
znamnych tunelovych projekt. Hned v pocatcich se spolupodilela
na realizaci silni¢niho okruhu kolem Prahy, useku 514 Lahovice
— Slivenec. Na tomto projektu jsme byli ve sdruzeni odpovédni
za realizaci Lochkovského tunelu a Lochkovského mostu. SOKP
514 se pro nas stal pilotnim projektem, kde jsme potvrdili schop-
nost realizovat i takto narocnou stavbu. Déle jsme se podileli na
vystavbé tunelu Blanka v ¢asti Prasny most — Spejchar nebo jsme
jako ¢len dodavatelského sdruZeni realizovali nové prodlouZeni
trasy prazského metra V.A vcetné stanic Bofislavka a nemocnice
Motol. V intravilanu Prahy jsme ve sdruZeni zrealizovali i dalsi
tunelovou stavbu — konkrétné kolektor Hlavkiv most. V oblasti
Zelezni¢nich staveb se pak jednalo o dvoukolejné tunely Osek
a Voticky tunel. V soucasnosti realizujeme vystavbu tunelu Po-
htirka na obchvatu Ceskych Bud&jovic a Zelezni¢niho tunelu Zvg-
rotice pobliz Sobéslavi. Na konci lofiského roku jsme dokoncili
prace na doplitkovém geologickém priizkumu pro trasu metra D.
Zde jsme vyhloubili 36 m hlubokou pfistupovou Sachtu a vyrazili
322 m dlouhou priazkumnou §tolu v profilech od 30 m? do 90 m?.
JakoZzto ¢len vitézného sdruZeni se nyni intenzivné€ pfipravujeme
na zahdajeni praci na prvni etapé nového metra D.

Nase obchodni kompetence pokryvaji také slovensky trh a ve
spolupréci s nasi dcefinou spole¢nosti HOCHTIEF SK méme za
sebou nas zatim nejvetsi tuneldrsky projekt tunel Povazsky Chl-
mec na useku ddlnice D3, Zilina (StraZzov) — Zilina (Brodno).
Ten v minulosti ziskal ocenéni ,,Stavba roka“. Nabyté zkuSenos-
ti umoZiuji fad€ naSich zaméstnanct pusobit i na zahrani¢nich
tunelovych stavbich nasi matetské spolecnosti provadénych jak
konvenénimi metodami, tak pomoci stroji TBM. Za vSechny je
mozné uvést projekt Stuttgart 21 v Némecku nebo projektovou
pfipravu trasy nového metra v Sydney linky City & South West.

Nase tymy tak mohou vyuZivat odbornou podporu poskytova-
nou kompetencnimi centry nasi matetrské spolecnosti, jejiz sta-
vitelské historii je témér 150 let. Koncernové know-how ziskané
na projektech, jako je Gotthardsky bazovy tunel nebo most pres
Bosporsky priliv v Turecku ¢i na fadé dalSich dél provadénych
po celém svété nasimi sesterskymi spolec¢nostmi CIMIC, Flatiron
nebo Thiess, jsme schopni pfedstavit a zdro-
¢itiu nas.

Zavérem bych rad Ceské tunelarské aso-
ciaci podekoval za jeji odbornou préci a po-
pral mnoho velmi kvalitnich a podnétnych
setkani. Také véfim, Ze i toto aktudlni vydéani
Casopisu Tunel pfinese vSem jeho Ctenaiim
fadu zajimavych informaci.
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DEAR LADIES AND GENTLEMEN,
DEAR PROFESSIONAL FRIENDS,

I am honoured not only for the company HOCHTIEF
CZ, but also for myself that I can have an introductory
word in this issue of the Tunnel journal, part of which
is dedicated to the presentation of activities of our
construction company.

HOCHTIEF CZ is one of the leaders in the construction
market, in the segment of both building and transportation
construction and the associated work in the underground,
which we consider to be one of our key competencies.
We are developing this professional know-how in our Transportation
Construction division, which has participated in a number of
important tunnel construction projects during the fifteen years of its
existence. From the very beginning, it participated in the construction
of the Prague City Ring Road (PCRR), section 514 Lahovice —
Slivenec. As a member of the consortium for this project, we were
responsible for the construction work on the Lochkov tunnel and the
Lochkov bridge. PCRR 514 became a pilot project for us, where we
confirmed our ability to carry out such a demanding construction.
In addition, we participated in the construction of the Prasny most —
Spejchar section of the Blanka complex of tunnels or, as a member
of the consortium of contractors, we carried out the new extension of
the Prague V.A metro line, including Bofislavka and Motol Hospital
stations. In the urban area of Prague, we also carried out another
tunnel construction as a member of the consortium — specifically the
Hlavktv Bridge utility tunnel. In the field of railway construction
projects, we constructed the Osek and Votice double-track tunnels.
We are currently carrying out the construction of the Pohtirka tunnel
on the Ceské Budgjovice road bypass and the Zvérotice railway
tunnel near Sobéslav. At the end of last year, we completed the work
on the supplementary geological survey for metro line D. Here we
excavated a 36m deep access shaft and a 322m long exploration
gallery with cross-sectional areas ranging from 30m? to 90m> As a
member of the winning consortium, we are now intensely preparing
for the commencement of the work on the first stage of the new
Metro D line.

Our business competencies also cover the Slovak market and,
in collaboration with our subsidiary HOCHTIEF SK, we have
completed our to date largest tunnel construction project, the
Povazsky Chlmec tunnel on the Zilina (StrdZov) — Zilina (Brodno)
section of the D3 motorway. This tunnel won the «Construction of
the Year» award in the past. The gained experience allows many of
our employees to work on foreign tunnel construction projects of
our parent company carried out both using conventional methods
as well as TBM machines. For all of them, it is possible to mention
the Stuttgart 21 project in Germany or the preparation of the new
City & South West Underground line in Sydney.

Our teams can thus use the professional support provided by
the competence centres of our parent company having almost 150
years long construction history. We are able to present and benefit
even in the Czech Republic from our group know-how acquired
on projects such as the Gotthard Base Tunnel or the Bosphorus
Bridge in Turkey or on a number of other
projects carried out worldwide by our sister
companies CIMIC, Flatiron or Thiess.

To conclude, I would like to thank the Czech
Tunnelling Association for its professional
work and wish it many high-quality and
inspiring meetings. I also believe that this
current issue of TUNEL journal will bring a

lot of interesting information to all
its readers.

ING. TOMAS KORANDA

predseda predstavenstva spole¢nosti HOCHTIEF CZ a. s.
Chairman of the Board of Directors HOCHTIEF CZ a. s.
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VAZENE KOLEGYNE, KOLEGOVE A CTENARI
CASOPISU TUNEL,

po Case znovu dostdvim moZnost se na vas obratit
a podélit se s vami o udélosti, ke kterym doslo v nasi
firmé i na tunelarském trhu a zaroven se i rozloucit, pro-
toze z pozice generalniho feditele Mott MacDonald CZ
se k vam obracim naposledy. O to vice se téSim, Ze se
s vami budu nadale setkdvat u zajimavych projektd jako
specialista na podzemni stavby.

Ve struktufe nasi firmy v Cechéch se piili§ nezménilo,
jen jsme se o néco rozrostli. Je nas v Cechéch pies 220. Nadale se
specializujeme na dopravni stavby a nadale nasi kapacitu délime
zhruba 50/50 mezi nase vlastni zakdzky a zakazky Mott MacDo-
nald Group.

A ted jiz k tunelim. Jak vSichni vime, na tunelaiské fronté je
v Cechich v poslednich letech rugno. Alespoii co se projektovani
tyCe. Kone¢né k nam dorazily projekty a stavby tunell realizované
pomoci modernich TBM stroji a v Ceské republice je tak dnes né-
kolik firem schopnych tuto technologii projektovat. S hrdosti mohu
prohlésit, Ze Mott MacDonald mezi n€ patii. Po projektech metra
v Baku, kde byly TBM tunely zcela v rukou na$ich inZenyr(, jsme
se v neddvné dobé podileli na tunelech Broadway metra ve Van-
couveru a Zelezni¢nim tunelu Toowoomba v Australii.

Novou oblasti v tunelech jsou v poslednich letech v Cechach tu-
nely na vysokorychlostnich tratich, kde se do projektti implemen-
tuji doporuceni z francouzskych standardd. Tady Mott MacDonald
pracuje na hloubenych tunelech Béchovice Sever, Béchovice Jih
a Nova Dube¢ na tiseku RS1 VRT Praha-Béchovice — PofiCany a na
tunelu Rajhrad na dseku RS2 VRT Modfice — Sakvice.

A v neposledni fadé se zaCinaji objevovat uvahy o projektech
Design and Build, at je to na silnicich tunel Homole, ¢i na Zelezni-
cich tunel Beroun. Zde bych se na chvili zastavil. Technicky je tu-
nel projektovany jako Design and Build tunel jako kterykoliv jiny.
Z hlediska rizik pro projektanty a z hlediska profesnich pojistek je
to ovSem zcela jinak. Nikdy jsem nezapomnél na jednani s jednim
z fediteld francouzské firmy Bouygues o potencidlni spolupréci na
tunelu stanice metra, kdy jedna z Gplné€ prvnich otazek z jeho stra-
ny byl dotaz na vyse naSich pojistek, a to nejen za profesni odpo-
védnost a nejen za Mott MacDonald CZ.

Zde bych si dovolil v§echny, co zkuSenost se spolupraci se zahra-
ni¢ni nadnarodni firmou nemaji, varovat. Tenhle zajem neni viibec
teoreticky. Dokonce né&které firmy pojistku projektanta ¢astecné
zahrnuji do svych kalkulaci. A odpovédnost za presnost vykazu
vymeér je past, do které zcela jisté nechcete spadnout.

Posledni poznamku bych si dovolil k dopadu Green Dealu a jeho
taxonomie obecné na stavby v Cechdch a tim i na tunely. Zatimco
implementace do ndrodnich standardd jiz probiha i v Anglii, po
které to nikdo nevyzaduje, v Cechéch se jesté nezacalo. A pritom
soulad s touto taxonomii bude podminkou pro financovéni nejen
z EU fondd, ale i privatnich bank.

Zavérem mi dovolte poprdt v§em mnoho
osobnich i obchodnich dspéchtl a t&§im se
na budouci spolupréci pfi ptipravé a realizaci
dalSich projekta.

-

ING. RADKO BUCEK PH.D.

Tuel

DEAR COLLEAGUES AND READERS OF TUNEL
JOURNAL,

after some time I have the opportunity to address you
again and share with you the events that took place in
our company and in the tunnel construction market and,
at the same time, say goodbye because I am turning to
you from the position of CEO Mott MacDonald CZ for
the last time. I am all the more looking forward that I will
further meet you on interesting projects in the position
of a specialist in underground construction.

Not too much has changed in the structure of our
company in the Czech Republic, we have only grown up a little. Our
number in the Czech Republic has grown to 220. Our specialisation
in transportation construction continues, as well as the system of
dividing our capacity approximately 50/50 between our own orders
and the Mott MacDonald Group orders.

And now already to tunnels. As we all know, the Czech Republic
has been busy on the tunnel construction market in recent years.
At least as far as designing is concerned. Finally, designs and
construction of tunnels using modern TBM machines have arrived
to us, and there are now several companies capable of designing
for this technique in the Czech Republic. I can proudly state that
Mott MacDonald belongs among them. After designs for the Baku
underground, where TBM tunnels were entirely in the hands of our
engineers, we recently participated in designing for the Broadway
subway tunnels in Vancouver and the Toowoomba rail tunnel in
Australia.

A new field in tunnel construction in recent years in the Czech
Republic is construction of tunnels on high-speed railway lines,
where the recommendations gathered from French standards are
implemented in designs. Here Mott MacDonald is working on
the Béchovice North, Béchovice South and Nova Dubec cut-and-
cover tunnels in the Prague-Béchovice — Poficany RS1section of
the high-speed rail line and on the Rajhrad tunnel located in the
Modfice — Sakvice RS2 section of the high-speed rail line.

And last but not least, thoughts about Design and Build projects
are beginning to emerge, whether it is the Homole tunnel on roads
or the Beroun tunnel on rail tracks. I would stop here for a moment.
Technically, the tunnel is being designed as a Design and Build
project, like any other tunnel. However, it is completely different in
terms of risks for designers and in terms of professional insurance.
I have never forgotten the negotiation with one of the directors of
the French company Bouygues about potential collaboration in
designing for a metro station tunnel, where one of the very first
questions on his part was asking about the value of our insurance
policies, not only for professional liability and not only for Mott
MacDonald CZ.

Here, I would dare warn everyone who does not have experience
with collaboration with a foreign multinational company. This
interest is not at all theoretical. Some companies even partially
include designer’s insurance in their calculations. And the
responsibility for the accuracy of the bill of quantities is a trap that
you certainly do not want to get into.

I would like to make the last remark about the impact of the
Green Deal and its taxonomy in general on construction projects
in the Czech Republic, thus also on tunnels. While implementation
into national standards is already underway in England, from
which no one requires it, it has not yet begun
in the Czech Republic. At the same time,
compliance with this taxonomy will be a
condition for financing not only from EU
funds, but also from private banks.

To conclude, let me wish you all a lot of
personal and business success. I look
forward to future cooperation in
preparing and accomplishing future
projects.

Generalni Feditel Mott MacDonald CZ, spol. s r.o.
General Director of Mott MacDonald CZ, spol. s r.o.
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DOPLNKOVY GEOLOGICKY PRUZKUM METRA D V PRAZE
— USEK VO-OL
COMPLEMENTARY GEOLOGICAL SURVEY OF METRO IN PRAGUE
— SECTION VO-OL

RADEK KOZUBIK, STEPAN OBRHEL, MARTIN SPETA

ABSTRAKT

Doplitkovy geologicky priizkum nové linky metra D v Praze byl situovdn do geologicky a geotechnicky nejrozmanitéjsi, a predevsim nej-
problematictéjsi &dsti trasy, kterd se nachdzi na Pankrdci. Cldnek se zaméruje na tisek VO-OL a navazuje na diive publikované prispévky
v Casopisu Tunel ¢ 1/2019 a & 4/2020. Toto priizkumné dilo je vedeno ve sméru od tézni Sachty nachdzejict se u ulice Na StrZi do paty
budouct jednolodni stanice Pankrdc D. Provddéni ¢innosti hornickym zpiisobem v intravildnu mésta pod diileZitymi inZenyrskymi sitémi
véetné Zelivského privadéce, provozovanymi tratovymi tunely linky metra C na trase Pankrdc — Budéjovickd a lokalitou priizkumnych
praci PAD4 klade velky diiraz na vhodnou technologii provddeénych praci a komplexni geotechnicky monitoring. Realizace a vyhodnocent
doplitkového inZenyrskogeologického priizkumu v trase budouciho tunelu véetné priizkumnych vrtii, geofyzikdlniho méreni, polnich a labo-
ratornich zkousek zastizenych geologickych vrstev povede k eliminaci rizik spojenych s vystavbou budoucich tratovych tunelii a jednolodni
stanice metra Pankrdc D.

ABSTRACT

The complementary geological survey of the new metro line D in Prague was located in the most geologically and geotechnically
diverse and especially the most problematic part of the line route, in Pankrdc neighbourhood. The paper focuses on the VO-OL section
and is a follow-up to previously published papers in TUNEL journal issues No. 1/2019 and No. 4/2020. This survey project is led in
the direction from the hoisting shaft located at Na StrZi Street to the bottom of the future Pankrdc D single-vault station. Activities
carried out in a mining-like way in the developed area of the city, under important utility networks, including the Zelivského water supply
pipeline, operated running tunnels of the Pankrdc — Budéjovickd section of the metro line C and the PAD4 survey locality, place great
emphasis on appropriate technique of the work operations and the comprehensive geotechnical monitoring. The execution and assessment
of the complementary engineering geological survey along the route of the future tunnel, including exploratory boreholes, geophysical
measurements, field and laboratory tests of affected geological layers, will lead to elimination of risks associated with the construction of
future running tunnels and the Pankrdc D single-vault metro station.

1. ZAKLADNI UDAJE O PRUZKUMNEM DILE

Ctvrtou linkou na prazském metru situovanou ve sméru sever
— jih bude trasa D. Predpokladand délka je cca 10,6 km s plano-
vanymi 10 stanicemi. NejsloZit€jsi etapou vystavby nové linky je
usek Pankrdc — Olbrachtova, kde je situovan dopliikovy inZenyr-
skogeologicky prizkum, ktery pomuze feSit zdsadni geologicka
a geotechnicka rizika této vyznamné stavby v intravilinu mésta
pod provozovanou linkou metra C.

Zabor pro zafizeni stavenisté lokality VO-OL (vétraci objekt —
Olbrachtova) je navrzZen v prostoru stavajiciho parku mezi ulicemi
Na Strzi a Jankovskd, tedy v prostoru budouciho mezistani¢niho
useku stanic metra D Pankrac a Olbrachtova, a jeho funkce bude
zachovana i pro vlastni vystavbu trasy metra D, kde veskeré pripoj-
ky (kanalizacni, vodovodni a elektrickd) byly zrealizovany taktéz
pro navazujici etapu praci.

V pribéhu prizkumu bylo ovéfeno chovani kralodvorskych
bridlic, jejich tektonické poruSeni a reakce na navrzend sanacni
opatfeni pro budouci razbu rozpletu pod nadzemnim stavebnim ob-
jektem. Dale bylo nutné v casti prechodového tunelu sestoupit na
dno budouci stanice Pankrac D v profilu patniho tunelu vertikalné
¢lenéného vyrubu jednolodni stanice, kde bylo ovéfeno chovani
hornin kosovského souvrstvi, jejich vrstevnatost, vyskyt poruch,
zvodnéni, geotechnické parametry a také urCena poloha silurskych
diabasu a jejich zvodnéni. Prizkumné dilo smérové, vyskové i tva-
rové kopiruje v dilé¢im vyrubu budouci tratovy tunel smérem ke

stanici Pankrac D (obr. 1).

1. BASIC DATA ON THE SURWEY WORKS

Line D will be the fourth line of the Prague metro running in the
north-south direction. The assumed length amounts approximately
to 10.6km; 10 stations are planned on it. The Pankrac — Olbrachtova
section is the most complicated stage in the construction of the
new line, where the complementary engineering geological survey
is located, which will help to address the major geological and
geotechnical risks of this important construction in the developed
area of the city, under the operated metro line C.

The land use for the construction site arrangement of the VO-
OL locality (ventilation object — Olbrachtova) is designed to be
in the area of the existing park between Na StrZi and Jankovska
streets, i.e. in the area of the future inter-station section between
metro D line stations Pankriac and Olbrachtova, and its function
will be maintained even for the construction of the metro D route.
All connections (sewage, water and electricity) have been carried
out here also for the subsequent stage of work.

During the survey, the behaviour of Kraldv Dvir Formation shale,
its tectonic faulting and the response to the proposed rehabilitation
measures for the future excavation of a bifurcation chamber under
an above-ground building were verified. Furthermore, in the part
of the transition tunnel it was necessary to descend to the bottom
of the future station Pankrac D in the profile of the bottom drift
of the vertically divided excavation sequence of the one-vault
station excavation, where the behaviour of the Kosov Formation
rock, its stratification, occurrence of faults, water saturation and
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Obr. 1 Celkovd situace priizkumného dila v lokalité VO-OL (vétraci objekt — Olbrachtova)
Fig. 1 Overall layout of the survey works in VO-OL location Olbrachtova (ventilation object — Olbrachtova)

Zadavatelem prizkumného dila je Dopravni podnik hlavniho
mésta Prahy a.s., zhotovitelem prizkumnych praci v této lokali-
té je spolecnost HOCHTIEF CZ a. s., autorem projektové doku-
mentace METROPROJEKT Praha a. s., odpovédnym feSitelem
prizkumnych praci spolecnost SG Geotechnika a.s. a obstarava-
telem spolecnost InZenyring dopravnich staveb a.s. Geotechnicky
monitoring zajistuje sdruzeni ,,GTM trasy I.D metra“ zastoupené
spole¢nostmi INSET s.r.o a GeoTec-GS, a.s.

V ramci realizace prizkumnych praci byla vyhloubena téZni Sach-
ta, ktera byla po obvodé zajiSténa prevrtavanymi pilotami. Nasledné
byly zahdjeny razby ve sméru stanice Pankrac D, které koncily po
322,85 m v profilu patniho tunelu gotického tvaru. V pribéhu téchto
praci se provedl rozsdhly inZenyrskogeologicky prazkum obsahujici
laboratorni a presiometrické zkousky, geofyzikalni méreni, geolo-
gické sledovani hloubeni Sachty a razby prizkumného dila, hydrody-
namické zkousky v hydrologickych vrtech a geologicka dokumen-
tace téméft kilometru provedenych vertikalnich hydrogeologickych,
extenzometrickych a inklinometrickych vrta.

2. TEZNi SACHTA

Hloubena t€Zni Sachta je prvni etapou v ramci provadénych praci
na geologickém prizkumu v iseku VO-OL. Je umisténa v prostoru
zafizeni staveniSté v tésné blizkosti ulice Na StrZi.

Sachta priizkumného dila je kruhového prifezu o priméru
21,0 m (na osu pilot) a jeji hloubka je 36,613 m. Sachta je od
urovné terénu zajisténa pomoci 74 ks prevrtavanych pilot (obr. 2).
Z tohoto poctu je 37 ks primérnich a 37 ks sekundarnich pilot. Pri-
marni piloty zhotovené z prostého betonu maji délku az 24,5 m
a jednotny pramér 1 200 mm. Sekundarni vyztuzené piloty maji

geotechnical parameters were verified and also the location of
Silurian diabase and its saturation with water was determined. The
survey works copy the horizontal and vertical alignment and the
shape of the future running tunnel towards the Pankrac D station
(see Fig. 1).

Prague Public Transit Company Inc. is the contracting authority,
HOCHTIEF CZ a. s. is the contractor for the survey operations
in this locality, METROPROJEKT Praha a. s. is the author of the
design, SG Geotechnika a.s. is the responsible solver to survey
operations and InZenyring dopravnich staveb a.s. is the procurer.
Geotechnical monitoring is provided by the “GTM trasy LD
metra” (Geotechnical Monitoring of Metro ID line) consortium
represented by the companies of INSET s.r.o. and GeoTec-GS, a.s.

A hoisting shaft, which was secured around the perimeter by
secant bored piles, was excavated within the framework of the
survey works. Subsequently, the excavation started in the direction
of the Pankrac D station and ended after 322.85m in the profile
of the Gothic cross-section bottom drift. During this work, an
extensive engineering geological survey was carried out, including
laboratory and pressuremeter tests, geophysical measurements,
geological monitoring of shaft excavation and excavation of the
exploratory working, hydrodynamic tests in hydrological boreholes
and geological documentation of almost a kilometre of vertical
hydrogeological, extensometer and inclinometer boreholes.

2. HOISTING SHAFT

The excavation of the hoisting shaft is the first stage within the
framework of the work on the geological survey in the VO-OL
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Obr. 2 Zajisténi a hloubeni Sachty — svisly Fez
Fig. 2 Stabilisation and excavation of the shaft — vertical section

délku az 37,5 m a pramér do hloubky 24,5 m rovnéz 1 200 mm,
zbyvajici metry jsou v priméru 1 000 mm. Sekundérni piloty jsou
vyztuzeny armokoSi spojenymi z podélné vyztuze, pricné vyztuze
a distancnich vloZek. Vzdjemné spojeni bylo provadéno piimo na
stavbé pomoci prvki z valcované oceli. Ve spodni ¢asti Sachty, kde
dochézi k praniku Sachty s prizkumnym tunelem, jsou piloty zkra-
ceny tak, aby kopirovaly obrys profilu budouciho dvoukolejného
tunelu smér Pankrac.

Pred samotnym zahdjenim vrtani pilot bylo nutné zhotovit
vodici zidky. Vrty byly provadény metodou rotacné nébérové-
ho vrtani s pazenim. PazZeni se provadélo ocelovymi paZnicemi
0 @ 1 180 mm. Mezni odchylka piloty od projektovaného sklonu
byla stanovena na hodnotu 0,5 % z celkové délky vrtu, coZ je vel-
mi prisnd hodnota, nicméné se ji podarilo dodrZet. Po provedeni
pilot byla vodici Sablona pilot ubourédna tak, aby nebranila vybu-
dovani ohlubriového ztuZzujiciho vénce, zajistujiciho spojeni hlav
pilot a zarovein prendsejiciho zatiZeni od mechanizace na povrchu.
Ztuzujici Zelezobetonovy vénec ma rozméry 1 200 x 1 500 mm
(8 x v) a je navrZen z betonu C25/30-XC2 a vyztuZe z oceli BSOOB.
Zpevnéni celé Sachty dale zajistuji, kromé uvedeného, také Zele-
zobetonové prevazky P1-P5. Prevazky P1-P3 jsou umistény ve
trech vyskovych drovnich po celém obvodu Sachty (obr. 3). Jsou
zhotoveny z betonu C25/30-XC2 a betondrské ohybané vyztuze
B500B. Vzijemné spojeni prevazek s pilotovou sténou je provede-
no pomoci ocelovych trnd, které jsou vzdy kotveny do sekundarni
piloty. Pfevazky P4 a PS5 jsou pouze ¢tvrtkruhové délky vzhledem
k tomu, aby nebyly v kolizi s prizkumnym tunelem smér Pankrac
a s budoucim dvoukolejnym tunelem smér Olbrachtova. Pres tyto
prevazky jsou z diivodu pienosu tahovych sil provedeny osmipra-
mencové kotvy délky 7 az 12 metrd smérem do osténi Sachty.

section. It is located in the area of the construction site arrangement
in close proximity to Na StrZi Street.

The shaft for the exploratory works is circular in cross-section,
with the diameter of 21.0m (measured to the axis of the piles) and
the depth of 36.613m. The shaft excavation is supported from the
terrain level with 74 secant bored piles (see Fig. 2). Of this number,
37 are primary piles and 37 are secondary. The plain concrete
primary piles have a length of up to 24.5m and a uniform diameter
of 1,200mm. The secondary reinforced concrete piles are up to
37.5m long. They are also 1,200mm in diameter and the depth of
24.5m, the remaining metres of the piles are 1,000mm in diameter.
The secondary piles are reinforced with reinforcement cages
consisting of longitudinal rebars, transverse rebars and spacers.
The individual cages were connected with each other directly
on site using rolled steel elements. In the lower part of the shaft,
where the shaft intersects with the exploratory tunnel, the piles are
shortened so that they copy the contour of the profile of the future
double-track tunnel in the direction of Pankrac.

Before starting to drill for the piles, it was necessary to carry out
guide-walls. The drilling was carried out using the method of rotary
scooping with casing. The boreholes were cased with steel tubes
@ 1,180mm. The limiting deviation of the pile from the designed
inclination was set at 0.5% of the total borehole length, which is a
very strict limit. Nevertheless, it was successfully maintained. After
the execution of the piles, the pile guide template was demolished
so as not to prevent the construction of a reinforcing collar of the
pit bank, ensuring the connection of the pile heads and at the same
time transferring the load induced by mechanical equipment on the
surface. The reinforcing collar dimensions are 1,200 x 1,500mm
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(w x h) and C25/30-XC2 concrete
and B500B steel reinforcement are
designed for its structure. Reinforced
concrete walers P1-P5 also provide
stabilisation of the whole shaft
excavation. The walers P1-P3 are
located at three height levels around
the entire circumference of the
shaft (see Fig. 3). They are made
using C25/30-XC2 concrete and
bent B500B steel grade concrete
reinforcement
are connected with the pile wall
by means of steel bars, which are
always anchored into the secondary
piles. Walers P4 and P5 are only
around a quarter of the circle
lengths so that they do not collide
with the exploratory tunnel in the
direction of Pankriac and with the
future double-track tunnel in the

bars. The walers

Obr. 3 Realizace prevdzky P2 v Sachté
Fig. 3 Construction of waler P2 in the shaft

Vrtné prace na zajisténi Sachty prevrtdvanymi pilotami provadé-
ly soucasné dvé vrtné soupravy znaCky Bauer. Celkové bylo prove-
deno 2 115 m vrti. Primérny denni vykon se pohyboval v rozpéti
45 az 55 metrd. Pfi samotném hloubeni Sachty ve spodni ¢ésti, pod
jiZz ukonéenym souvislym osténim z prevrtavanych pilot (pod pa-
tami nearmovanych pilot), je zajiSténi Sachty provedeno pomoci
sekundarnich armovanych pilot vrtanych z trovné terénu az do
hloubky 39 m a ze stiikaného betonu, provadéného mezi pilota-
mi pfi hloubeni jamy. Pfi hloubeni se prostor vyrubu mezi armo-
vanymi pilotami zajistil pomoci klenbicek ze stitkaného betonu
C 25/30 v tloustce 200 mm vyztuzenych dvéma ocelovymi KARI
sitémi 6/100 x 6/100 mm. Postupovalo se po jednotlivych zabé-
rech v délce 1,5 az 2,0 metru. Po vyhloubeni Sachty byla provedena
Zelezobetonova deska dna. Predtim se nejprve po obvodu Sachty
zfidila sbérna drendz, kterd se zaustila do Cerpaci jimky. Poté se na
urovnany povrch dna Sachty vybetonoval podkladni beton tloustky
150 mm z betonu C16/20. Na tento podklad se provedla Zelezobe-
tonova deska tloustky 500 az 850 mm z betonu C25/30 a betonat-
ské vyztuze. Takto zhotovena Zelezobetonova deska zdroven plni
rozpérnou funkci. Celd Sachta byla vyhloubena strojnim zptisobem
bez pouziti trhacich praci. Pfi hloubeni Sachty byla souc¢asné nasa-
zena dvé tunelova rypadla — CAT 325 o hmotnosti 30 tun a CAT
328 DLCR o hmotnosti 40 tun. Z divodu bezpe¢ného zahajeni ra-
Zeb byl v predstihu ze Sachty smérem do budouciho prizkumného
tunelu proveden mikropilotovy destnik. Ten je zhotoven z mikropi-
lot priméru 114/6,3 mm a délky 1 200 mm v poctu 34 ks. Trubky
ve vrtech byly nasledné tlakové zainjektovany.

3. RAZENA CAST PRUZKUMNEHO DILA

Celkova délka razené Céasti pruizkumného tunelu je 322,85 m.
Prizkumny tunel byl raZen ze dna hloubené téZni Sachty na stave-
nisti VO-OL. V ramci prazkumnych praci se jednd o prvni dil¢i vy-
rub vertikdlniho ¢lenéni budoucich tratovych tuneltl (levy ve smy-
slu razby od Sachty ke stanici Pankrac). V celé délce raZeného dila
bylo zrealizovano 10 rtznych profilii raZeb o plose vyrubu od 30 do
64 m>2. Vyrub prvniho dil¢iho vyrubu byl dale ¢lenén horizontalné
na dvé nebo tii vyskové trovné. Na dvoukolejny tratovy tunel pred
stanici Pankrac navazuje usek prechodového tunelu, ktery umozni

direction of Olbrachtova. For the

reason of transmitting tensile forces,

eight-strand cable anchors 7 to 12
meters long are installed through these walers towards the shaft
lining.

Drilling for the secant bored piles was carried out simultaneously
by two Bauer drilling rigs. A total of 2,115m of boreholes were
carried out. The average daily output ranged from 45 to 55 metres.
During the excavation of the shaft in the lower part, under the
already completed continuous lining formed by the bored piles
(under the toes of the unreinforced piles), stabilisation of the shaft
excavation is carried out by secondary reinforced concrete piles
bored from ground level to a depth of 39m and shotcrete applied
between the reinforced concrete piles during the shaft excavation.
During excavation, the excavated space between the reinforced
concrete piles was secured by means of small, 200mm thick,
C 25/30 shotcrete vaults reinforced with two layers of KARI welded
mesh 6/100 x 6/100mm. The excavation proceeded in 1.5 to 2.0m
deep rounds. After completion of the shaft excavation, a reinforced
concrete bottom slab was carried out. Before that, collecting
drainage leading to a pumping sump was first established around

i ] a1

Obr. 4 Strojni rozpojovdni v patnim tunelu
Fig. 4 Mechanical rock breaking in the bottom drift




pristup z drovné koleji v tratovém tunelu na droven spodni klenby
budouci stanice. Poslednich 44,65 m je situovdno v paté budouci
jednolodni stanice Pankrac D (obr. 4).

Prizkumné tunely byly razZeny Novou rakouskou tunelovaci me-
todou (NRTM) s velkym dirazem na kotveni celby a s pomérné
tuhym osténim pro minimalizaci deformaci horninového prostre-
di. Diivodem je snaha o minimalizaci poklesti povrchové zastavby,
inzenyrskych siti a provozovanych tuneld trasy metra C v kom-
plikovanych hydrogeologickych podminkdch. Rozpojovani hornin
probihalo vzhledem k zastiZenym inZenyrskogeologickym pomé-
rim s vyuzitim pasového rypadla Liebherr R924. Rubanina byla
nakladana do t&Zni nadoby o objemu 10 m?, kterd byla Sachtou
pomoci véZového jetabu Liebherr 500 HC40 vytaZena na mezide-
ponii na povrchu a nasledné byla naloZena na nékladni automobi-
ly a odvezena na skladku. VyztuZeni tunelu je tvofeno primarnim
osténim o tloustce od 250 do 450 mm ze stitkaného betonu o pev-
nosti C 25/30 s pomocnymi pithradovymi oblouky, vyztuZnymi
ocelovymi nebo sklolamindtovymi sitémi, radidlnimi svorniky
a jehlovanim z IBO kotev ze sklolaminatu nebo oceli, vyplnénych
cementovou nebo chemickou injektazi. Takto zhotovené primarni
osténi mélo priznivy dopad do deformaci, které po celou dobu vy-
stavby nepiesahly 1. varovny stav. Celba byla zajisténa ocelovymi
svorniky R 32/15 délky 16,0 m se vzdjemnym piesahem 8,0 m,
doplnéna sitémi a stifkanym betonem tloustky 250 mm. Cist &el-
bovych svornikll byla aktivovdna vysokotlakou injektaZi na bazi
organicko-mineralni hmoty.

V podélném sméru byla vzdalenost jednotlivych cCeleb zavisla
na zastiZzenych geologickych a geotechnickych podminkach a byla
urcena technologickou tfidou vyrubu. Pfi realizaci byly zastoupe-
ny tyto technologické tfidy: TT4, TTS5a, TTSb a TT5b.2. Techno-
logicka tfida TT5b.2 je modifikovana technologickd tfida TTSb
doplnéné o vysokotlakou injektaZ horninového prostfedi na bazi
dvouslozkovych organicko-minerdlnich hmot (obr. 5). Tunel byl
razen tpadné a veSkerd tunelova voda byla pres kaskadu Cerpana
na zafizeni staveni$té a po vyciSténi odvedena do kanalizace.

Po dokonceni téchto prizkumnych praci nasledovaly dokoncovaci
préace na prizkumném dile spocCivajici v odtéZeni doCasné pojizdné
pocvy, poloZeni a obsypu podélné drendze DN 250 SN8 tfidénym
recyklatem a betonazi pochozi stezky. Stezka je vyztuZena dvojici
svarovanych siti 150x150/8x8 mm pfi obou povrsich betonové des-
ky o tloustce 200 az 300 mm z betonu C20/25. Na boku tunelu jsou
vedeny rozvody médii (voda, elektro, vétrani, odpadni potrubi) ne-
zbytné pro udrzbu dokonceného prizkumného dila (obr. 6).

Obr. 5 Diskontinuity vyplnéni injektdzni smési v kosovském souvrstvi
Fig. 5 Filling of discontinuities in the Kosov Formation with grouting mixture
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the shaft perimeter. Then, C16/20 blinding concrete layer 150mm
thick was cast on the levelled surface of the shaft bottom. A C25/30
reinforced concrete slab 500 to 850mm thick, reinforced with
steel rebars, was carried out on this base. The reinforced concrete
slab made in this way also fulfils the bracing function. The entire
shaft was excavated mechanically without the use of blasting.
During the excavation of the shaft, two tunnel excavators, CAT
325 weighing 30 tonnes and CAT 328 DLCR weighing 40 tonnes,
were used simultaneously. In order to start the excavations safely,
a canopy tube pre-support was installed in advance from the shaft
towards the future exploratory tunnel. The canopy is formed by 34
pieces of steel tubes with a diameter of 114/6.3mm and a length
of 1,200mm. The tubes were subsequently pressure grouted in the
boreholes.

3. MINED PART OF THE EXPLORATORY WORKS

The total length of the mined part of the exploratory tunnel
amounts to 322.85m. The exploratory tunnel was excavated from
the bottom of the hoisting shaft on the VO-OL construction site.
Within the framework of the survey operations, this is the first
partial excavation of the vertical sequence (sidewall drifts and
central pillar) of future running tunnels (left-hand tunnel in the
sense of excavation from the shaft towards the Pankrac station).
Ten different excavation profiles with an excavation face area
ranging from 30 to 64m? were carried out within the entire length
of the excavation works. The excavation of the first partial profile
was further divided horizontally into two or three height levels.
The transition tunnel section connects to the double-track running
tunnel before the Pankric station. It will allow access from the
level of the tracks in the running tunnel to the level of the invert of
the future station. The last 44.65m long section is at the foot of the
future single-vault Pankrac D station (see Fig. 4).

The exploratory tunnels were excavated using the New Austrian
Tunnelling Method (NATM) with great emphasis on anchoring
of the excavation face and with a relatively rigid lining designed
to minimise deformations of the rock environment. The reason
is the effort to minimise subsidence of surface buildings, utility
networks and operated tunnels of the metro line C in complicated
hydrogeological conditions. With respect to the encountered
engineering geological conditions, the rock was being broken
using a Liebherr R924 crawler excavator. Muck was loaded into
a 10m? mining skip, which was lifted to the intermediate stockpile
by a Liebherr 500 HC40 tower crane and then loaded onto lorries
and taken to the final stockpile. The tunnel excavation support
consists of a 250 to 450mm thick primary lining made of C 25/30
strength shotcrete with auxiliary lattice girders, reinforcing steel
or glassfibre mesh, radial rock bolts and needles — IBO steel or
fibreglass anchors, filled with cementious or chemical grout.
The primary lining made in this way had a positive impact on
deformations, which did not exceed the 1% warning state during
the entire construction period. The excavation face was stabilised
with 16.0m long steel rock bolts R 32/15 with a mutual overlap of
8.0m, supplemented with welded mesh and a 250mm thick layer of
shotcrete. Part of the rock bolts in the excavation face was activated
by high-pressure grouting based on an organic-mineral matter.

In the longitudinal direction, the distance between individual
headings was dependent on the encountered geological and
geotechnical conditions and was determined by the excavation
support class. The following excavation support classes were
represented during the excavation: TT4, TT5a, TT5b and TT5b.2.
Excavation support class TT5b.2 is a modified support class TT5b
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3.1 Rozsifeni prizkumného
dila v portalové casti

Pii realizaci prizkumného dila
byla v prvnich desitkich metra za-
stizena stfipkovité rozpadavd biidli-
ce, velmi drobné slidnata, ¢ernoSedé
barvy. Byly zastiZeny silné tektonic-
ky podrcené bohdalecké bridlice. Na
zakladé téchto skutecnosti bylo do-
sazeno 3. varovného stavu na kon-
vergencnich profilech v tvodni ¢asti
tunelu. Z téchto divoda bylo rozhod-
nuto o rozsifeni razby na plny profil
budouciho dvoukolejného tratové-
ho tunelu o plose 89 m? v prvnich
41,7 m smérem k jednolodni stanici
Pankréc a doplnéno kotveni Celby pfi
razbé (obr. 7). Uzavieny profil celého
dvojkolejného tunelu nejlépe staticky
odolava tlakiim horniny. Zrealizované
feseni pfineslo upfesnéni deformacni
odezvy horninového masivu v mis-
tech tektonické poruchy, upiesnéni
vstupt pro statické vypocty, ovéfeni
statickych modeld zejména s prihléd-
nutim k bezpe¢nému podchéazeni pro-
vozované trasy C metra a upfesnéni prognozy vlivu razby dvojkolej-
ného tunelu na povrchové objekty.

Druhy dil¢i vyrub byl horizontdlné ¢lenén na dvé vyskové tirov-
né. Osténi tunelu je tvofeno primdrnim osténim o tloustce od 250
do 300 mm ze stfikaného betonu o pevnosti C 25/30 s pomocny-
mi pfihradovymi oblouky, ocelovymi vyztuZnymi sit€émi se dvéma
polohami siti 150x150/8x8 mm, radidlnim kotvenim a jehlova-
nim IBO kotvami z oceli vyplnénymi cementovou injekt4zi. Celba
byla zajisténa ocelovymi ty¢emi se vzdjemnym prekotvenim a stii-
kanym betonem tl. 100 mm. Celbové kotvy byly také vyplnény
cementovou injektdzi. Nasledné odstfizeni a vybourani docasné
stfedni opéry bylo mozné po dosazeni pétidenni pevnosti stiika-

Obr. 6 Pohled na prechodovou Cdst mezi profily o osové vzddlenosti 4,5, prechodovym a patnim tunelem
Fig. 6 A view of the transition part between profiles with track centre distance of 4.5m, the transition tunnel and
bottom drift

supplemented by high-pressure grouting into the rock environment,
based on two-component organic-mineral materials (see Fig. 5).
The tunnel was driven down the hill and all tunnel water was
pumped along a cascade to the construction site arrangement and,
after cleaning, was led to a sewer.

After the completion of the exploration operations, the finishing
of the exploratory works consisting in the removal of the vehicular
traffic taking temporary bottom, laying and backfilling of the
longitudinal drainage DN 250 SN8 with screened recycled material
and concreting of the emergency walkway. The walkway concrete
is reinforced with a pair of layers of welded mesh 150x150/8x8mm
on both surfaces of the 200 to 300mm thick slab made of C20/25

concrete. On the tunnel side, there

a

Obr. 7 Pohled na rozsireni dila v portdlové cdsti
Fig. 7 A view of the expanded tunnel in the portal part

are media distribution lines (water,
electricity, ventilation, sewage)
necessary for the maintenance of the
completed survey works (see Fig. 6).

3.1 Expansion of the survey

works in the portal part
During the survey, shardy, very
finely micaceous, black-gray colour
shale was encountered in the first
tens of meters. Heavily tectonically
crushed Bohdalec Formation shale
was found. Based on these facts,
the 3 warning state was reached
on the convergence profiles in the
initial part of the tunnel. For these
reasons, it was decided to expand the
excavation to the full profile of the
future double-track running tunnel
with a cross-sectional area of 89m? in
the first 41.7m long section towards
the Pankric single-vault station
and supplement anchoring of the
excavation face during excavation




ného betonu. Vzdalenost Cela kaloty od uzavieného dna se podle
jednotlivych technologickych tiid pohybovala mezi 10 az 20 m.

3.2 Geologicka situace v zajmovém uzemi

Razba pruzkumného tunelu prochézi tfemi souvrstvimi. Jedna se
o bohdalecké, kralodvorské a kosovské souvrstvi.

3.2.1 Bohdalecké souvrstvi

Bohdalecké souvrstvi je obvykle tvofeno velmi jemnymi jilovi-
tymi bridlicemi, velmi drobné slidnatymi, ¢ernoSedé barvy, misty
tektonicky poruSenymi, drobné tilomkovitého az stiipkovitého roz-
padu, s ohlazovymi plochami. Jilovité, slabé diageneticky zpevné-
né bridlice souvrstvi bohdaleckého pomérné snadno podléhaji tek-
tonickému poruseni, a je proto nutné pocitat s poruSenim riazného
rozsahu v celé mocnosti téchto hornin.

3.2.2 Krdlodvorské souvrstvi

Krélodvorské bridlice jsou velmi jemné, jilovité, velmi jemné slid-
naté (mikroskopicky), makroskopicky az bezslidné, tence vrstevnaté
aZ lupenité, na vrstevnich plochach vlhké a na dotek hebké aZ mast-
né. Jejich barva je Sedd aZ zelenoSed4, v dosahu zvétravacich procesti
se méni az na olivové zelenou. Bridlice jsou m&kké a slabé diagen-
ticky zpevnéné. Podléhaji intenzivnimu a hlubokému zvétrani a roz-
padaji se na zelenohnédou jilovitou hlinu s drobnymi Supinkovitymi
stiipky navétralych bridlic. Jak bridlice bohdalecké, tak kralodvor-
ské obsahuji vysoké procento pyritu, ktery se pri procesu kyzového
zvétrani rozklada v krystaly sadrovce a v povlaky sirant. Celkova
mocnost krdlodvorskych bridlic je cca 60 az 80 m. V pripadé€ vyskytu
sadrovce je aktudlni bobtnani se svymi destruktivnimi projevy, kdy
ale pri samotné realizaci k jeho vyskytu nedoslo.

3.2.3 Kosovské souvrstvi

Kosovské souvrstvi je nejmlad$im ordovickym souvrstvim. Jed-
na se o flySové souvrstvi, kde dochazi k rychlému stfidani Cerno-
Sedych jilovitych, prachovitych a piscitych tence vrstevnatych bfi-
dlic a desti¢kovité az lavicovité odlu¢nych kiemennych piskovci,
kfemenct a drob. Ve svrchni Casti souvrstvi prevlddaji hrubozrnné
lavicovité piskovce, bidlicné vlozky zde chybi. Celkovd mocnost
souvrstvi se pohybuje kolem cca 80 az 120 m. Jako celek je kosov-
ské souvrstvi odolnéjsi proti zvétravani a v reliéfu Gzemi se pro-
jevuje jako hibety vyvySenin. Horniny jsou vSak zde také znacné
tektonicky porusené, siln€ rozpukané a na odlu¢nych plochéch sil-
né limonitizované. Vlivem flySového charakteru jsou také niachylné
k sesouvani.

Pro ovéfeni mechanickych vlastnosti horninového prostredi boh-
daleckého, kralodvorského a kosovského souvrstvi (ordovik) vcet-
né polohy silurskych vulkaniti (diabasi) byly v prizkumné Stole
realizovany presiometrické ¢i dilatometrické zkouSky, situované
v radidlné orientovanych vrtech v roviné¢ kolmé na osu Stoly. Jed-
nalo se o vrty PPO1-PP05, PVJ1-PVIJ3. Zkouskami zjisténé pre-
tvarné a pevnostni charakteristiky horninového masivu v nadlozi,
bocich i podloZi prizkumného tunelu umoZzni objektivni stanoveni
vstupnich parametrii do statickych vypocti.

DalSim vrtem, kterym byly ovéfeny vlastnosti hornin v prosto-
ru budouci stanice Pankrac, byl 90metrovy vrt, ktery byl prove-
den z konce prizkumného dila subhorizontdlné. Smyslem téchto
prizkumnych praci bylo zjiSténi pfesnéjSich informaci o geolo-
gickych, hydrogeologickych a geomechanickych vlastnostech ko-
sovskych a litefiskych souvrstvich, diabast a také kopaninského
souvrstvi, které se na konci budouci stanice nachazi.

4. ZKUSEBNI INJEKTAZNI POLE

Kromé samotného geologického prizkumu je také velmi vy-
znamnym ukolem ovéfeni G¢innosti horninovych injektdzi v boh-
daleckém a kralodvorském souvrstvi. Soucasti realizovaného
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(see Fig. 7). The closed profile of the entire double-track tunnel is
best statically resistant to ground pressures. The applied solution
brought the specification of the deformational response of the
rock mass in places of the tectonic fault, specification of inputs for
structural analyses, verification of static models especially taking
into account the safe passage under the operated metro line C and
refining of the prognosis of the impact of the double-track tunnel
excavation on surface buildings.

The second partial excavation was horizontally divided into two
height levels. The tunnel lining consists of a 250 to 300mm thick
primary lining made of C 25/30 shotcrete, auxiliary lattice girders,
two layers of welded mesh 150x150/8x8mm, radial anchoring and
forepoling with IBO steel anchors filled with cement grouting.
The excavation face was supported with steel bars with mutual re-
anchoring and a 100mm thick shotcrete layer. Subsequent cutting
out and breaking out the temporary central abutment was possible
after achieving the five-day strength of the shotcrete. The distance
of the top heading excavation face from the closed bottom ranged
from 10 to 20m, depending on individual excavation support
classes.

3.2 Geological situation in the area of interest

The excavation of the exploratory tunnel runs through three
formations, the Bohdalec, Kraliiv Dvir and Kosov Formations.
3.2.1 Bohdalec Formation

The Bohdalec Formation is usually formed by very fine clayey
shale, very finely micaceous, black-gray, locally tectonically
faulted, slightly clastic to shardy, with slickensided surfaces. The
clayey, weakly diagenetically solidificated shale of the Bohdalec
Formation is relatively easily subjected to tectonic faulting, and it
is therefore necessary to take into account faulting of various extent
throughout the thickness of this rock.

3.2.2 Krdliv Dvir Formation

The Kralav Dvar shale types are very fine, clayey, very finely
(microscopically), macroscopically up to non-
micaceous, slaced to lamellae, moist on the bedding planes and
velvety to greasy to the touch. Their colour is gray to green-gray,
changing within the range of weathering processes to olive green.
The shale is weak and slightly diagonally solidified. It is subject
to intense and deep weathering and disintegrate into green-brown
clayey loam with tiny scales of weathered shale. Both Bohdalec
and Kraltiv Dvir shale contains a high percentage of pyrite, which
disintegrates into gypsum crystals and sulphate coatings during
the pyritic weathering process. The total thickness of Kraltv Dvir
shale layers ranges from 60 to 80m. In the case of the occurrence of
gypsum, the swelling with its destructive manifestations is current,
however, it did not occur during the construction.

micaceous

3.2.3 Kosov Formation

The Kosov Formation is the youngest Ordovician Formation.
It is a flysch sequence formation, with black-gray clayey, silty
and sandy, thinly layered shale and tabularly jointed quartzose
sandstone, quartzite and greywacke alternating. Coarse-grained
tabular sandstone predominates in the upper part of the formation;
shale interbeds are missing here. The total thickness of the layers
ranges from 80 to 120m. As a whole, the Kosov Formation is more
resistant to weathering and manifests itself in the relief of the area
as ridges of elevations. However, the rock is also considerably
tectonically faulted, heavily fractured and heavily limonitised on
joint planes. Due to its flysch sequence character, it is also prone
to landsliding.
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prizkumného dila tedy bylo i ovéfeni vlastnosti injektdZnich hmot
na bazi mikrocementu (JetBlend), dvouslozkovych organicko-mi-
nerdlnich pryskyfic (Carbothix) a dvouslozkové polyuretanové
smési (Carbopur WX). Pro ovéfeni ucinnosti téchto sanacnich in-
jektazi byly v ramci injektazniho pokusu zvoleny dvé lokality.

Prvni lokalita byla umisténa v bohdaleckém souvrstvi na 34. ra-
Zeném metru, kde byly zrealizovany dva véjife v pocCtu osmi vrtd
v kazdém véjifi. Vrty mély @ 76 mm a délku od 4 do 9,3 metru. Cel-
kova délka vrti v prvni lokalit¢ byla 108 metrt. Injektazni tlaky se
pohybovaly v rozmezi 45 az 80 bard. V této lokalité byla vyzkousena
dvouslozkova organicko-mineralni pryskyfice (Carbothix).

Druha lokalita je umisténa ve vzdéalenosti 120 az130 m od téZni
Sachty v kralodvorském souvrstvi. Obsahuje devét véjita. V kaz-
dém v&jiti je devét vrtl. Vrty byly taktéZ o praiméru 76 mm a délky
4 metrt. Celkova délka vrtii byla 324 m. Na druhém vrtném pro-
filu byly vyzkouseny injektdZni materialy na bazi mikrocementu
(JetBlend) a dvouslozkové polyuretanové smési (Carbopur WX).
Injektazni tlaky se pohybovaly v rozmezi 45 az 80 bart. K injektazi
na obou lokalitich bylo pouzito dvoucinné pistové pneumaticky
pohanéné Cerpadlo, urcené k injektazi jedno- nebo dvouslozkovych
polyuretanovych a organicko-minerélnich pryskyfic.

Ve vSech téchto vrtech byla provedena presiometricka/dilato-
metricka méfeni, inZenyrskogeologicky popis, odbér a laboratorni
zkousky pevnosti hornin a nasledné soubor geofyzikalnich méfeni.

Po vyhodnoceni vlivu vlastnosti jednotlivych injektdZnich mate-
riala bylo zjisténo, Ze nedoslo k zasadnimu zlepSeni parametra hor-
ninového prostfedi poloh bridlic bohdaleckého a kralodvorského
souvrstvi. U jilovitych ¢asti bridlic dochézelo k degradaci vlivem
vodniho vyplachu. Odebrany jadrovy vynos netvoril kompaktni
celek vhodny pro stanoveni pevnostnich parametr hornin. Injek-
tazni material vSak vyplnil veskeré diskontinuity, ¢imz se vyrazné
zlepSila doCasna stabilita vyrubu a zdroven se zamezilo priniku
podzemni vody do dila. Priniky podzemni vody do téchto poloh
bridlic velmi negativné ovliviiovaly kvalitu po¢vy a vyrubu, coz
mélo negativni vliv i na deformace.

5. ROZSIRENI PRUZKUMNYCH PRACI POD TUNELY
METRA C

Prti realizaci priizkumnych praci se potvrdila vysoka propustnost
poloh piskovci a kosovského souvrstvi. Disledkem odkryti téchto
poloh v razeném podzemnim dile je rychlé a hluboké poklesnuti
hladiny podzemni vody v oblastech, kde je predkvartérni podlozi
tvofené témito horninami. Vysledkem je vytvéfeni vyrazné defor-
movaného depresivniho kuZele a misty nerovnomérné seddni ob-
jektd v nadlozi.

Zastizené polohy kosovského souvrstvi byly v rdmci prizkum-
nych praci lokality VO-OL zajiStény v technologické tfidé TT5b.2.
Veskeré diskontinuity a migracni zoény te¢i byly vyplnény mate-
ridlem na bazi organicko-minerdlnich pryskyfic tak, aby nedoslo
k poklesu stavajici urovné hladiny podzemni vody. Hydrogeolo-
gické vlastnosti kosovskych vrstev by zdsadnim zplisobem mohly
ovlivnit predikované deformace na provozovanych jednokolejnych
tunelech linky metra C na trase Pankrdc — Budé&jovicka.

Na zédkladé zavazného prikazu vydaného Obvodnim banskym
uradem pro tzemi hlavniho mésta Prahy a kraje StfedoCeského
bylo vypracovéano a provedeno opatieni k zajisténi bezpecnosti vy-
raZeného dila pod provozovanou linkou metra C, tj. ve stani¢eni km
42,293.740-42,248.300 (obr. 8).

Opatieni spocivala v provedeni druhého dil¢iho vyrubu umoz-
fujiciho rozsifeni na plny profil budouciho dvoukolejného tunelu
a dale v realizaci zpeviiujici injektaZe pod levym tratovym tunelem
provozované trasy metra C.

Tuel

To verify the mechanical properties of the rock environment of
the Bohdalec, Kraliv Dvir and Kosov Formations (Ordovician),
including a layer of Silurian volcanites (diabase), pressuremeter or
dilatometer tests, situated in radially oriented boreholes in a plane
perpendicular to the gallery axis, were conducted in the exploratory
gallery. These were the boreholes PPO1-PP0O5 and PVJ1-PVJ3.
The deformation and strength characteristics of the rock mass
determined by tests in the overburden, sides and subgrade of the
exploratory tunnel will make objective determination of input
parameters for structural analyses possible.

The 90-metre borehole which was bored sub-horizontally from
the end of the exploration works was another borehole used for
verifying the properties of rock types in the area of the future
Pankrac station. The purpose of the exploration was to gather
more accurate information about the geological, hydrogeological
and geomechanical properties of the Kosov and Liteti Formations,
diabase and also the Kopanina Formation, which is located at the
end of the future station.

4. GROUTING TEST FIELD

In addition to the geological survey itself, it is also a very
important task to verify the effectiveness of rock grouting in the
Bohdalec and Kralav Dvir Formations. Therefore, the verification
of the properties of grouting materials based on microfine cement
(JetBlend), two-component organic-mineral resins (Carbothix)
and two-component polyurethane mixture (Carbopur WX) was
part of the survey. To verify the effectiveness of the rehabilitation
grouting, two locations were selected within the framework of the
grouting experiment.

The first location was in the Bohdalec Formation in the 34®
mined metre, where two fans with eight boreholes in each of them
were carried out. The boreholes were 76mm in diameter and 4 to
9.3m long. The total length of the boreholes in the first location
amounted to 108 metres. The injection pressures ranged from 45
to 80bar. A two-component organic-mineral resin (Carbothix) was
tested in this location.

The second location is at a distance of 120 to 130m from the
hoisting shaft in the Kraliv Dvir Formation. It contains nine fans.
Nine fans are in each boreholes. The boreholes were also 76mm in
diameter and 4m long. The total length of the boreholes amounted
to 324m. Microfine cement-based grouting materials (JetBlend)
and two-component polyurethane mixtures (Carbopur WX) were
tested in the second drilling profile. Injection pressures ranged
from 45 to 80bar. A double-acting pneumatically driven piston
pump, designed for injecting one- or two-component polyurethane
and organic-mineral resins, was used for grouting at both locations.

Pressuremeter/dilatometer measurements, engineering geolo-
gical description, sampling and laboratory tests of rock strength
were conducted in all above-mentioned boreholes, and a set of
geophysical measurements was carried out subsequently.

After assessing the influence of the properties of individual
grouting materials, it was found out that there was no significant
improvement in the parameters of the rock environment of the
Bohdalec and Kralav Dvir shale layers. The clayey parts of the
shale were degraded by water flushing. The collected core yield
did not form a compact unit suitable for determining the strength
parameters of the rock. However, the grouting material filled
all discontinuities, which significantly improved the temporary
stability of the excavation and, at the same time, prevented the
penetration of groundwater into the excavation. Groundwater

penetration into these shale layers had a very negative effect on
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Pred zahajenim praci na rozsifeni prizkumnych razeb se z prvniho
dil¢iho vyrubu provedla I. etapa horninové vysokotlaké injektdZze po-
moci organicko-mineralnich pryskyfic do prostoru budouciho dru-
hého vyrubu (obr. 9). V&jife radidlnich tlakovych injektazi zacinaly
ve staniceni km 42,299.000 a koncily ve stanic¢eni km 42,257.000.
Jednotlivé véjite jsou od sebe vzdéleny 1,5 m. InjektaZe se prova-
dély prostiednictvim ocelovych samozavrtnych injekcnich tyci
@ 32/15 mm. Navrtné body v lici osténi jsou od sebe vzdéleny cca
750 mm. Tésnici a zpeviiujici vysokotlaka injektaz byla provedena
hmotami na organicko-minerdlni bazi, které se dobie osveédcily jiz
pri razbé prvniho vyrubu, s maximalnim tlakem do 80 bara.

Nasledné byla zahdjena razba s vyuzitim strojniho rozpojova-
ni pomoci pasového rypadla Liebherr R924 pfi osové vzdalenosti
tratovych koleji 4,5 m do stani¢eni km 42,293.740. Razba druhé-
ho dil¢iho vyrubu se provadéla postupnym pribiranim pravé strany
prvniho dil¢iho vyrubu po jednotlivych zabérech. Prechodovy usek
v délce cca 9,2 m se provadél s horizontdlnim ¢lenénim na kalotu
a opéfi se zpétnym dobirdni dna v celém useku. Po dokonceni této
¢asti nasledovala razba druhého dil¢iho vyrubu s horizontalnim ¢le-
nénim na dvé vyskové trovné pracovist s maximalnim odstupem
Celby kaloty od uzavieného dna 8,0 m. Tento tsek razby koncil ve
stani¢eni km 42,256.057. Cast piechodového tunelu, ktery ziistal
v ptivodnim profilu, byl rozepfen dfevénou vydievou (obr. 10).

Nasledné€ se provedlo pfedstihové kotveni ¢elby pomoci samoza-
vrtnych svornikd délky 16,0 m injektovanych vysokotlakou injektazi
(80 bar). Po proinjektovéni predpoli se vyrazil levy dil¢i vyrub s pre-
strojovanim difve vyraZeného ovalného prechodového tunelu mezi

the Kosov Formation strata could
significantly affect the predicted
deformations in the operated single-
track tunnels of the metro line C on
the line section between Pankrac and Budéjovicka stations.

On the basis of a binding order issued by the Regional Mining
Authority for the territory of the Capital City of Prague and
the Central Bohemian Region, measures were processed and
implemented to ensure the safety of the already finished excavation
under the operated metro line C, i.e. at chainage km 42.293740-
42.248300 (se Fig. 8).

The measures consisted in the construction of the second
partial excavation allowing for the expansion to the full profile of
the future double-track tunnel and in carrying out strengthening
grouting under the left-hand running tunnel of the operated metro
line C.

Prior to the commencement of the work on the expansion of
exploratory excavation work, the first stage of high-pressure rock
grouting using injection of organic-mineral resins into the space
of the future second partial excavation was carried out from the
first partial excavation (Fig. 9). The fans of radial pressure grouting
started at chainage km 42.299000 and ended at chainage km
42.257000. The individual fans are spaced at 1.5m. Grouting was
carried out using steel self-drilling injection rods @ 32/15mm. The
collaring points on the external face of the lining are spaced at about
750mm. Sealing and strengthening high-pressure grouting was
carried out using organic-mineral-based materials, which proved
themselves well during the work on the first partial excavation,
with a maximum pressure of up to 80bar.

Subsequently, excavation started using mechanical rock
breaking with a Liebherr R924 crawler excavator at the section
with the track centre distance of 4.5m, to chainage km 42.293,740.
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Obr. 9 Rastr pro zhotoveni I. etapy horninovych injektdZi
Fig. 9 Grid for the work on stage I of rock grouting

stanicenim km 42,256.057 a km 42,248.300. Nasledovala razba pra-
vého druhého dil¢iho vyrubu na plny profil dvoukolejného tunelu.
Pro geotechnické podminky zastizené v ramci podrobného geo-
technického prizkumu byla stanovena naroc¢na technologicka tfida
vyrubu NRTM TT5b.2. Ditvodem pro pouziti této tfidy byla slo-
Zita razba pod provozovanym tunelem metra C v komplikovanych
geotechnickych podminkach, s pozadavky na minimalni deforma-
ce podchdzeného tunelu a minimalni ovlivnéni hladiny podzemni
vody. Kalota a opéfi tunelu byly zajistény vrstvou stiikaného betonu
C25/30 se dvéma polohami siti 150x150/8x8 mm, ptidavnou vyztu-
Zi a pomocnymi prihradovymi oblouky. Tloustka u klenby druhého
dil¢iho vyrubu tunelu pfi osové vzdalenosti 4,5 m je 450 mm. Pro

Obr. 10 Razba druhého dil¢iho vyrubu pod linkou metra C
Fig. 10 Second partial excavation under metro C line

TuNel

The second partial excavation was
carried out by gradual ripping of the
right-hand side of the first partial
excavation in individual advance
steps. The transition section in
the length of approximately 9.2m
was carried out using a horizontal
excavation sequence comprising a
top heading and bench, with counter-
excavation of the bottom in the
entire section. After the completion
of this part, the work on the second
partial excavation with a horizontal
excavation sequence consisting of
two height levels with a maximum
distance between the top heading
face and the closed bottom of 8.0m
followed. This excavation section
ended at chainage km 42.256057.
The part of the transition tunnel
which remained in the original
profile, was provided with timber
support (see Fig. 10).

Subsequently, pre-grouting in-
jections into the excavation face
was carried out using self-drilling rock bolts 16.0m long, grouted
by high-pressure injection (80bar). After the completion of the
injection of grout into the face-advance core, the left-hand partial
excavation was carried out with re-supporting the previously
finished excavation of the oval transition tunnel between chainage
km 42.256057 and km 42.248300. Enlarging of the right-hand
second partial excavation to the full profile of the double-track
tunnel followed.

The demanding excavation support class NATM TT5b.2 was
determined for the geotechnical conditions encountered within the
framework of the detailed geotechnical investigation. The reason
for the application of this class was the complicated excavation
under the operated tunnel of metro
line C in complex geotechnical
conditions, with  requirements
for minimum deformation of the
tunnel being passed under and the
minimum impact on the water table.
The tunnel top heading and bench
were supported by a layer of C25/30
shotcrete with two layers of welded
mesh 150x150/8x8mm, additional
reinforcement and auxiliary lattice
girders. The thickness of the vault of
the second partial tunnel excavation
section with the track centre distance
of 4.5m amounts to 450mm. R32/15
IBO steel self-drilling anchoring
rods 6m long (10 pieces per advance
step) filled with low-pressure
grouting based on organic-mineral
materials were used for system
anchoring of a part of the double-
track tunnel lining. The stability of
the excavation of the vault behind
the lining of the future tunnel was
provided by means of an umbrella




systémové kotveni Casti osténi dvoukolejného tunelu byly pouZity
ocelové samozavrtné svorniky IBO R32/15 délky 6 m (10 ks na za-
bér), vyplnéné nizkotlakou injektaZi na bazi organicko-minerdlnich
hmot. Stabilita vyrubu klenby za rubem osténi budouciho tunelu
byla zajiStovana pomoci jehlového deStniku tvofeného 28 ks oce-
lovych samozavrtnych kotevnich tyc¢i dl. 6 m vyplnénych pievazné
nizkotlakovou injektaZi na bazi organicko-mineralnich hmot. Stabi-
lita Celby byla zajisténa kotvenim pomoci samozavrtnych ocelovych
injek¢nich kotevnich ty¢i @ 32/15 mm, délky 16 m s minimalnim
presahem 8 m (8 ks v kazdém osmém zabéru) s vysokotlakou injek-
tazi do predpoli vyrubu hmotou na organicko-mineralni bazi.

Poté nésledovaly horninové injektaze II. etapy. Cilem téchto in-
jektazi je stabilizace podloZi pod provozovanym tunelem. Injek-
tazni pole zac¢ina ve staniceni km 42,271.000 a kon¢i ve staniceni
km 42,250.000. Celkem se jedna o 15 v&jifa Citajicich v Sesti pfi-
padech trojici vrth a v deviti pripadech Ctvefici vrtli proménlivé
délky sméfujicich pod provozovany levy tratovy tunel metra C na
trase Pankrac — Budé&jovicka. Tésnici a zpeviiujici vysokotlaka in-
jektaz byla provedena dvousloZzkovymi hmotami na organicko-mi-
neralni bazi, které se dobre osvédcily jiz pfi razbé prvniho vyrubu,
s maximalnim tlakem do 80 bard. V priubéhu injektidzi dochazelo
k nepfetrzitému vyhodnocovani jak u geotechnického monitorin-
gu, tak u sménovych stavbyvedoucich zhotovitele, ktefi ,,online*

v

kontrolovali pfi¢né a podélné deformace levého tratového tunelu.

6. SOUHRN ZiSKANYCH ZKUSENOSTi

Zakladnim cilem doplitkového inZenyrskogeologického prizku-
mu bylo ziskdni komplexnich inZenyrskogeologickych, geotech-
nickych a hydrogeologickych podkladii a ziskani informaci o cel-
kovém chovani horninového masivu v zastiZzeném prostiedi.

Béhem razby byla pouzita technologicka tiida TT5b.2, ve které
je navrZena vysokotlaka injektaZ v okoli vyrubu. Tato technologic-
k4 tiida byla pouZita v hornindch kosovského souvrstvi, které jsou
znacné tektonicky porusené a silné rozpukané. Jeji hlavni funkci je
minimalizace poklest zpiisobenych snizenim hladiny podzemnich
vod a s tim souvisejicimi nezddoucimi poklesy provozovaného tra-
tového tunelu trasy metra C, inZenyrskych siti a okolnich zastaveb
v z6né ovlivnéni. Béhem vystavby byly také provedeny pokusné
injektdZe tfemi typy injektaZnich hmot v pfedem ureném tseku
prazkumného dila.

V soucasné dobé je stavebni ¢ast prizkumného dila dokoncena
a probihd udrzba raZeného dila. Poslednim krokem v ramci geo-
logického prizkumu je vyhodnoceni ziskanych informaci béhem
vystavby. Tyto veskeré informace budou zohlednény pfi tvorbé re-
alizacni projektové dokumentace 1. etapy linky metra D v tseku
Pankrac — Olbrachtova.
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consisting of 28 pieces of 16m long self-drilling grouting anchor
rods @ 32/15mm filled mainly with low-pressure grouting based
on organic-mineral materials. The stability of the excavation face
was provided by anchoring using 16m long self-drilling grouting
anchor rods @ 32/15mm, with a minimum overlap of 8m (8
pieces in every eighth advance step) with high-pressure grouting
with organic-mineral-based material into the face-advance
core.

This was followed by stage II rock grouting. The aim of the
grouting is stabilising the subgrade under the operated tunnel.
The grouting field starts at chainage km 42.271000 and ends at
chainage km 42.250000. There are 15 fans in total, consisting of
three boreholes in six cases and four boreholes of variable length
in nine cases, aiming under the operated left-side running tunnel
of metro C line in the Pankric — Budéjovicka section. Sealing and
strengthening high-pressure grouting was carried out using two-
component, organic-mineral-based materials, which have already
proved themselves well during the excavation of the first partial
excavation, with a maximum pressure of up to 80bar. During the
grouting operation, both the geotechnical monitoring results and
results of contactor’s shift managers, who “online”checked on the
transverse and longitudinal deformations of the left-hand running
tunnel, were continuously assessed.

6. SUMMARY OF GATHERED EXPERIENCE

The basic objective of the supplementary engineering geological
survey was to gather comprehensive engineering geological,
geotechnical and hydrogeological data and to obtain information
on the overall behaviour of the rock massif in the encountered
environment.

During the excavation, the excavation support class TTS5b.2
was used, for which high-pressure grouting in the excavation
surroundings is designed. This excavation support class was used
in the Kosov Formation rock types, which are highly tectonically
faulted and heavily fractured. Its main function is to minimise the
settlement caused by the depression of the water table and the
related undesirable subsidence of the operated running tunnel of
metro line C, utility networks and surrounding buildings in the
zone of influence.

At present, the civil engineering part of the survey works is
completed and the mined structures are being maintained. The last
step within the framework of the geological survey is to assess the
information obtained during construction. All this information will
be taken into account when creating the detailed design for the
1% stage of the metro line D project in the Pankrdc — Olbrachtova
section.
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VYSTAVBA BEZBARIEROVEHO ZPRISTUPNENI STANICE METRA
KARLOVO NAMESTI -
CONSTRUCTION OF BARRIER-FREE ACCESS TO KARLOVO NAMESTI
METRO STATION

PETR LUKA, MARTIN SPETA, RADEK KOZUBIK

ABSTRAKT

Bezbariérové zpristupnéni stanice metra Karlovo ndmésti bylo realizovdno v letech 2019-2021. V kvétnu roku 2021 se tato stanice
prazského metra stala v poradi 46. plné bezbariérovou. Provddéni praci v intravildnu mésta v tésné blizkosti okolni zdstavby a provozované
linky metra B kladlo velké ndroky na vSechny subjekty podilejici se na této technicky sloZité stavbé. Cldnek popisuje tento ndrocny
a technicky zajimavy projekt z pohledu zhotovitele cinnosti provdadénych hornickym zpiisobem. Tento cldnek navazuje na drive publikované
prispévky v casopisu Tunel ¢. 1/2020 [2] a ¢&. 1/2021 [3].

ABSTRACT

The barrier-free access to the Karlovo Ndmésti metro station in 2019-2021. In May 2021, this Prague metro station became the 46™
fully barrier-free station. Carrying out the work in the urban area of the city in the immediate vicinity of the surrounding buildings and
the operated metro line B placed great demands on all subjects involved in this technically complex project. The paper describes this
demanding and technically interesting project from the point of view of the contractor for activities carried out in a mining-like way. This

paper is a follow up to previously published contributions in TUNEL journal No. 1/2020 [2] and No. 1/2021 [3].

1. UvOD

Stanice metra Karlovo ndmésti je razend trojlodni stanice
v hloubce cca 40 m pod trovni terénu. Jeji osténi je provedeno
ze Zelezobetonovych tubingl. Otevieni se datuje ke 2. listopadu
1985. Bezbariérovou se tedy stala témér po 36 letech od uvedeni
do provozu.

Zadavatelem stavby bezbariérového zpristupnéni byl Dopravni
podnik hlavniho mésta Prahy a.s., zhotovitelem stavebnich pra-
ci byla spole¢nost ,HOCHTIEF — ENERGIE — vytah KN* s ve-
doucim spole¢nikem HOCHTIEF CZ a. s. a druhym spole¢nikem
Energie — stavebni a banska a.s. Autorem projektové dokumentace
byl METROPROJEKT Praha a. s., odpovédnym fesitelem pri-
zkumnych praci spolecnost GEOtest, a.s. a obstaravatelem spolec-
nost INFRAM a.s. Geotechnicky monitoring zajiStovalo sdruZeni
,,Geotec + MP + Pudis — Karlovo namésti*.

Prvni dvojice vytaht je situovdna do Sachty, kterd zacina v su-
terénu domu ¢. p. 2068/14 na ulici Véclavska v tésné blizkosti
Vaclavské pasaze a zajizdi do hloubky cca 34 m. Odtud zalomena
prestupni chodba prevede cestujici cca o 63 metrt déle nad stanici,
konkrétné nad jeji stfedni lod. K pfesunu osob z piestupni chodby
na nastupisté stanice Karlovo namésti je mozné vyuzit druhou dvo-
jici vytahu, k dispozici je pfipadné unikové schodiSte.

2. GEOLOGICKE POMERY

Skalni podloZi bylo obecné tvoteno sedimentarnimi uloZeninami
dobrotivského souvrstvi (prachovitymi aZ jilovitoprachovitymi, jem-
n¢ slidnatymi bridlicemi). V Sachtich se v nékolika tvodnich met-
rech vyskytovaly fluvidlni sedimenty terasy Karlovo namésti, cha-
rakteru slabé hlinitych piska s pfimési drobného $térku az po hruby
Stérk s pfimési jemnozrnné zeminy. Déle se postupné vyskytovaly
silné zvétralé (W4), mirné¢ zvétralé (W3) az navétralé prachovité
bridlice (W2), které postupné piechdzely v prachovitojilovité zdravé
bridlice dobrotivského souvrstvi (W1). V prestupni chodbé se vysky-
tovaly pouze prachovitojilovité bridlice, tiidy R3-R4.

1. INTRODUCTION

The Karlovo namésti metro station is a mined three-vault station
at a depth of about 40m below ground level. Its lining consists of
reinforced concrete segments. The station commissioning dates
back to November 2, 1985. It means that it has become barrier-free
almost 36 years after commissioning.

The Prague Public Transport Company a.s. was the contracting
authority for the construction of the barrier-free access
“HOCHTIEF — ENERGIE - vytah KN” with the leading partner
HOCHTIEF CZ a. s. and Energie — stavebni a bainska a.s as
the second partner was the contractor for construction work.
METROPROJEKT Praha a. s. was the author of the design
documents, GEOtest, a.s. was the responsible solver to the survey
and INFRAM a.s. was the procurer. Geotechnical monitoring
was provided by the “Geotec + MP + Pudis — Karlovo namésti”
consortium.

The first pair of lifts is located in a shaft, which begins in
the basement of house No. 2068/14 on Vaclavska street, in the
immediate vicinity of the Vaclavské passage, and goes to a depth
of approximately 34m. From this place, a bent transfer corridor
will take passengers about 63 metres further above the station,
specifically above its central nave. It is possible to use the second
pair of lifts for the transfer of people from the corridor to the
platform of the Karlovo Namésti station; there is also an escape
staircase available.

2. GEOLOGICAL CONDITIONS

The bedrock was generally formed by sedimentary deposits of
the Dobrotiv Formation (silty to clayey-silty, finely micaceous
shale). The fluvial sediments of the Karlovo namésti terrace with
the character of weakly clayey sand with an addition of fine-
grained gravel to coarse gravel with a mixture of fine-grained soil
were present in the shafts in a few initial meters. Further on, there
was weathered (W4) shale followed by weathered (W3) to weakly



3. HLOUBENI A ZAJISTENI SACHET $1 A S2

V ramci bezbariérového zpristupnéni stanice metra Karlovo né-
mésti byly zajistény a vyhloubeny dvé Sachty. Sachta S1, kterd je
eliptického prarezu o délce os 7,50 m a 5,52 m, hloubky 34,69 m,
a Sachta S2 obdélnikového priifezu o délce stran 4,26 x 5,76 m, kterd
od hloubky 22,91 m prechézi na elipticky prifez o délce os 7,50 m
a 5,52 m aZ do celkové hloubky Sachty 33,8 m. Sachta S1 slouZila
pouze po dobu vystavby pro dopravu stavebniho materidlu, odtéZo-
vani rubaniny, Cerpani vody apod. Sachta S2 slou pro dvojici vyta-
ha, kterymi jsou osoby dopravovany smérem z prestupni chodby do
uli¢ni drovné u vstupu do Vaclavské pasaZe ve Vaclavskeé ulici.

Sachta S1 byla zaji§téna pomoci piliif tryskové injektdze o prii-
méru 800 mm a délky 3,5 m. VyztuZeni pilifa bylo provedeno oce-
lovymi trubkami priméru 108/16 mm a délky 7,0 m. Celkem bylo
provedeno 38 ks téchto pilifh. Jako injektdZni médium byla pouzita
smés cementu CEM II B/S 32,5 R a zamésové vody.

Pred zahdjenim hloubeni Sachty se nejprve provedl ruéni pred-
vykop z divodu ovéfeni piesné polohy dvou kabelovodi CETIN,
mezi kterymi Sachta prochdzi, a z divodu pfipadného vylouceni
nebezpeci kolize s jinymi neidentifikovanymi sit€émi. Predvykop se
po obvodu nasledné zajistil paznicemi UNION. Pfesah paZnic nad
uroven terénu zaroven zajiStoval funkci ohlubné. K ohlubni bylo
také po obvodu Sachty doplnéno trubkové zébradli vysky 1,1 m.

Pfed samotnym zahéjenim hloubeni Sachty S1 bylo nejprve
nutné provést prelozku kanalizacniho fadu. Pfi zahdjeni hloubeni
Sachty S1 bylo v jejim prostoru nalezeno vedeni potrubni posty,
které nebylo predpoklddano projektem. Nasledné byl kontaktovan
spravce sité, ktery provedl prelozku.

Pii hloubeni Sachty S1 se postupovalo po jednotlivych zdb&rech
délky 1 metr se strojnim zptisobem rozpojovani horniny za pomoci
tunelového rypadla CAT 305 C CR nebo TEREX TC 75 (obr. 1).

Zajisténi Sachty je provedeno pomoci ocelovych prihradovych
ramu, vrstvou stiikaného betonu SB20/25-X0 J2 v tlouStce min.
250 mm a dvéma vrstvami vyztuznych siti 8x8/150x150 mm. Ma-
ximalni hloubka nevyztuZeného vyrubu byla 1,4 m. Ve spodni ¢asti
Sachty byly v pfedstihu provedeny ochranné destniky pro rozraz-
ku smérem do prestupni chodby na obé¢ strany (smérem k Sachté
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weathered silty shale (W2), which gradually turned into silty-
clayey fresh shale of the Dobrotiv Formation (W1). In the transfer
corridor, there was only clayey shale, class R3—R4.

3. EXCAVATION AND STABILISATION OF SHAFTS S$1
AND S2

Two shafts were provided with stabilisation and excavated as
part of the barrier-free access to the Karlovo Namésti metro station.
Shaft S1, with an elliptical cross-section with the axes 7.50m and
5.52m long, respectively, the depth of 34.69m, and shaft S2 with
rectangular cross-section with a length of the sides of 4.26 x 5.76m,
which passes from a depth of 22.91m to an elliptical cross-section,
with a length of the axes of 7.50m and 5.52m, down to the total
shaft depth of 33.8m. Shaft S1 was used only during the construction
period for the transport of construction materials, lifting of muck,
pumping of water, etc. Shaft S2 is used for a pair of lifts, which
transport people from the transfer corridor located at the entrance to
the Véclavska Passage in Véiclavskd Street to the street level

Shaft S1 was stabilised by means of 3.5m long jet-grouting
columns with a diameter of 800mm. The columns were reinforced
with steel pipes with a diameter of 108/16mm and a length of 7.0m.
The total of 38 pieces of the columns were carried out. A mixture
of CEM II B/S 32.5 R cement and mixing water was used as the
grouting medium.

Prior to the excavation of the shaft, a pre-excavated pit was first dug
manually to verify the exact position of the two CETIN cable ducts
between which the shaft passes and to avoid the risk of collision with
other unidentified networks. The pre-excavation was subsequently
secured around the perimeter by UNION sheet piles. The overlap
of the sheets above ground level also ensured the function of the pit
bank. A 1.1m high tubular railing around the perimeter of the shaft
was also added to the pit bank.

Before the actual excavation of shaft S1, it was first necessary to
relocate a sewer main. At the beginning of the excavation of shaft
S1,a pneumatic post line was found in the shaft area, which was not
anticipated by the design. Subsequently, the network administrator
was contacted to carry out the relocation.

During the excavation of the shaft $1, the individual methods of
rock dismantling with the help of
the CAT 305 C CR or TEREX TC
75 tunnel excavators were applied
to individual 1 metre long advance
rounds (see Fig. 1).

The shaft excavation is supported
with steel lattice frames, a layer
of shotcrete SB20/25-X0 J2 in a
minimum thickness of 250mm and
two layers of reinforcing welded
mesh 8x8/150x150mm. The depth
of the unsupported excavation was
1.4m as a maximum. In the lower
part of the shaft, canopy roofs were
carried out in advance for the tunnel
stubs towards the transfer corridor, to
both sides (towards the shaft S2 and
towards the station). The canopy roof
consisted of 27self-drilling IBO rock
bolts with a diameter of 25mm and a
length of 6m, injected with cement-
based grout. The whole shaft was

Obr. 1 Hloubenti Sachty $1 v eliptickém profilu
Fig. 1 Excavation of the elliptical profile shaft S1

excavated mechanically without the
use of blasting.
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S2 a smérem do stanice). Destnik byl proveden ze samozavrtnych
svornikd IBO priaméru 25 mm, délky 6 m v poctu 27 ks injektova-
nych smési na bazi cementu. Celd Sachta byla vyhloubena strojnim
zpusobem bez pouziti trhacich praci.

V posledni fazi vystavby po provedeni definitivniho osténi pre-
stupni chodby byla t&7ni $achta S1 sanovana zaplavenim popilko-
vym stabilizaitem HBZS v celém objemu cca 2,5 m pod stavajici
terén. Popilkovy stabilizat byl do Sachty ukladan po jednotlivych
vrstvach.

Sachta §2 se nachézi pifmo v objektu Vaclavska 2068/14, kde
ze suterénu domu probihalo nejprve zajisténi zakladi domu a poté
hloubeni $achty. Sachta byla navrZena v minimélnich rozmérech
nezbytnych pro montadz dvojice vytahti. Pii pfipravnych pracich
byla zjisténa kolize s kanalizaci v 1. PP, kde proto byla nésled-
né provedena provizorni prelozka. V suterénu domu Vaclavska 14
bylo také nalezeno nezndmé potrubi, které bylo nasledné identifi-
kovéno jako plynové, poté bylo provedeno zaslepeni a v prostoru
vytahové Sachty jeho odstranéni. Jelikoz se Sachta nachdzi mezi
stavajicimi zaklady nosnych konstrukci budovy, bylo nutné odbou-
rat ¢ast zakladi, které byly v kolizi se Sachtou, a nasledné provést
podchyceni téchto zakladti pomoci pilitfh tryskové injektaze.

Jednotlivé pilife tryskové injektize byly o priméru 800 mm
a délky 6,0 m. Vyztuzeni pilifa bylo provedeno ocelovymi trubka-
mi priméru 108/16 mm a délky 6,0 m. Celkem bylo v ramci Sachty
S2 provedeno 79 ks téchto piliti.

Pfed zapodetim hloubeni $achty S2 bylo nejprve nutné realizovat
ohlubiiovy vénec ze Zelezobetonu C20/25 XO0. K ohlubfiovému vénci
bylo opét doplnéno trubkové zdbradli vysky 1,1 m. Sachta S2 byla
pivodné navrZena v celé své délce v obdélnikovém profilu. Z di-
vodu zjisténi Spatného stavu sousedici Zelezobetonové zdi stavajici
budovy béhem pasportizace doslo k tpravé projektu. Ve spodni ¢asti
Sachty, konkrétné v hloubce 22,9 m pod terénem, prechdzi Sachta ve
dvoumetrovém useku z obdélnikového profilu na staticky vyhodnéj-
§i elipticky tvar, a to pro minimalizaci ovlivnéni budov na terénu.
Horni ¢ast Sachty, kterd je obdélnikového profilu, byla hloubena po
metrovych zdbérech a zajiSténa pomoci valcovanych profili HEB
160 v rozich doplnénych o rozpérné trubky TR 114/8 mm (12 rami
v horni ¢ésti Sachty), resp. TR 140/10 mm (12 rami ve spodnéjsi

Obr. 2 Hloubeni Sachty $2 v obdélnikovém profilu
Fig. 2 Excavation of the rectangular profile shaft S2

Tuel

In the last phase of construction, after completion of the final
lining of the transfer corridor, the whole volume of the hoisting shaft
S1 was inundated with HBZS fly ash stabiliser, approximately 2.5m
below the existing terrain. The fly ash stabiliser was being deposited
in the shaft in individual layers.

Shaft S2 is located directly in the Vaclavsk4 2068/14 building,
from where the basement of which the foundations of the house
were secured first and then the shaft excavation was carried out.
The minimum dimensions necessary to assemble a pair of lifts were
designed for the shaft. During the preparatory work, a collision with
the sewerage system was found at the 1% basement level, where a
temporary relocation was subsequently carried out for that reason.
An unknown pipeline was in addition found in the basement of
the Véclavska 14 building. It was subsequently identified as a gas
pipeline; it was subsequently blinded and removed from the area
of the lift shaft. Since the shaft is located between the existing
foundations of the load-bearing structures of the building, it was
necessary to demolish some of the parts that collided with the shaft,
and then to underpin these foundations using jet grouting columns.

The individual pillars of jet grouting were 800mm in diameter and
6.0m long. The individual jet grouting pillars were reinforced with
108/16mm in diameter and 6.0m long steel tubes. A total of 79 pieces
of these pillars were carried out within the framework of shaft S2.

Before the excavation of shaft S2 began, it was first necessary
to carry out a shaft collar made of C20/25 X0 reinforced concrete.
A 1.1m high tubular railing was again added to the shaft collar. A
rectangular profile was originally designed for the whole length of
shaft S2. The design was modified because of the finding of a poor
condition of the reinforced concrete wall adjacent to the existing
building during the condition survey. In the lower part of the shaft,
specifically at a depth of 22.9m below the ground, the shaft passes
along a two metre long section from a rectangular profile to a
statically more advantageous elliptical profile, in order to minimise
the influence of buildings on the ground surface. The upper part of
the shaft, with a rectangular profile, was excavated in one metre long
(deep) rounds and supported using HEB 160 rolled-steel sections, in
the corners complemented by TR 114/8mm bracing tubes (12 frames
in the upper part of the shaft), respectively TR 140/10mm (12 frames
in the lower part of the shaft) and by
C20/25-X0 shotcrete 250mm thick
and two layers of KARI welded mesh
8x8/150x150mm (see Fig. 2).

Atypical lattice steel frames were
used instead of rolled-steel sections
at the point where shaft S2 profile
passes from rectangular to elliptical.
In the lower part of the shaft, the same
lattice frames were used as were those
applied to the excavation of shaft S1.
The support was again supplemented
by a C20/25 XO shotcrete layer
250mm thick and two layers of KARI
welded mesh 8x8/150x150mm. In
the lower part of the shaft, a canopy
roof formed by IBO anchors with a
diameter of 25mm and a length of
6m, injected with a cement-based
mixture, was carried out in advance
above the contour of the transfer
corridor.

The bottom of shaft S2 is deepened
with regard to the construction of a
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Obr. 3 Pudorys prestupni chodby
Fig. 3 Transfer gallery ground plan

Casti Sachty), stiikanym betonem C20/25-X0 tl. 250 mm a dvéma
vrstvami KARI siti 8x8/150x150 mm (obr. 2).

V misté, kde Sachta S2 pfechazi z obdéInikového tvaru na eliptic-
ky, byly misto valcovanych profild pouzity atypické ocelové prihra-
dové ramy. Ve spodni pasazi Sachty jsou pouzity stejné piihradové
ramy, jako byly pouZity pfi hloubeni Sachty S1. Zajisténi bylo opét
doplnéno o stiikany beton C20/25 X0 tl. 250 mm a o dvé vrstvy
KARI siti 8x8/150x150 mm. Ve spodni ¢asti Sachty byl nad obry-
sem prestupni chodby v pfedstihu proveden deStnik z IBO kotev
praméru 25 mm a délky 6 m injektovany smési na bazi cementu.

Dno Sachty S2 je vice prohloubeno s ohledem na zfizeni Serpaci
jimky a také z diivodu dojezdu dvojice vytahti. Cerpaci jimka byla
provedena tak, aby umoziiovala vodotésné sevieni hydroizola¢niho
souvrstvi a zainjektovani po dokonceni definitivniho osténi.

Rozpojovani horniny v achté S2 bylo provddéno vzhledem ke
stisnénéjsim podminkam rypadlem JCB 8032 o hmotnosti 3,2 tuny.
Sachta byla vyhloubena pievazné strojnim zpiisobem rozpojovani
horniny s vyjimkou spodni ¢asti, kde byly celkem ve 14 zdbérech
pouzity trhaci prace v kombinaci se strojnim rozpojovanim.

4. RAZBA PRESTUPNI CHODBY A PRUNIK DO STANICE

4.1 Razba pi‘estupni chodby

Vzhledem ke stavbé v intravilanu mésta a potiebé propojit dveé
pevné dand mista, jedno na povrchu a druhé v podzemi ve stanici
metra, byla projektovou dokumentaci razba prestupni chodby roz-
délena na Ctyfi useky a pét riznych profild se dvéma prechodovy-
mi useky. Vysledny tvar razeb pfistupové chodby celkové délky
73,45 m je dobfe patrny z pudorysu (obr. 3).

Pro tsek I. o délce 10,59 m mezi $achtami S1 a S2 s plochou
teoretického vyrubu 31,67 m? byl pouzit jednotny ,,Profil I.“

Usek I1. je smérové zalomen tak, aby mohl byt veden rovnob&zng
se stanici metra. Byl ¢lenén na ,,Profil I v délce 17,74 m, piecho-

pumping sump and also due to the pit for a pair of lifts. The pumping
sump was designed to allow watertight clamping of the waterproofing
layer and grouting after the completion of the final lining.

The breaking of the rock in shaft S2 was carried out due to the
more constricted conditions using a JCB 8032 excavator with the
weight of 3.2 tonnes. The shaft was excavated mainly by mechanical
breaking of the rock, with the exception of the lower part, where
a total of 14 excavation rounds were excavated by blasting in
combination with mechanical rock breaking.

4. EXCAVATION OF THE TRANSFER CORRIDOR
AND ENTRY TO THE STATION

4.1 Excavation of transfer corridor

With respect to the construction operations in the urban area and
the need for connecting two firmly given places, one on the surface
and the other in the underground in the metro station, the design
documents divided the transfer corridor into four sections and five
different profiles with two transition sections. The resulting shape of
the excavation of the access corridor with a total length of 73.45m is
clearly visible from the ground plan (see Fig. 3).

A uniform “Profile I” was applied to section I with the length of
10.59m, between shafts S1 and S2, with a theoretical excavation face
area of 31.67m>.

Section II is bent directionally so that it can run in parallel to the
metro station. It was divided into a 17.74m long section with “Profile
I, a 3m long transition part, which passed into a 10.52m long section
with “Profile II” with a theoretical excavation face area of 38.13m?.

Excavation of section III started from section II, first perpendicular
to the metro station in “Profile I’ in the length of 4.66m. This was
followed by a 5Sm long transition section to the largest profile of
the “Profile III” transfer corridor with a theoretical excavation face
area of 44.68m?* and the section length of 10.40m. The reinforced
shotcrete primary lining during the excavation of the largest profile,
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dovou cast v délce 3 m, ktera prechazela do ,,Profilu I s plochou
teoretického vyrubu 38,13 m? v délce 10,52 m.

Z tuseku II. byl kolmo ke stanici metra rozrazen usek III. nejdfive
v ,,Profilu I v délce 4,66 m. Nasledovala prechodova ¢ést v délce
5 m na nejvétsi profil prestupni chodby ,,Profil III* s plochou teore-
tického vyrubu 44,68 m? a délkou tseku 10,40 m. Za zminku stoji
i zesilené primarni osténi pii razbé nejvétsiho profilu, které je tvo-
feno dvéma vrstvami stifkaného betonu. Po dokonceni prvni vrstvy
byly navrtdny kotvy pro uchyceni KARI siti, které byly zastiikany
druhou vrstvou stfikaného betonu zesileného osténi. Z profilu III.,
vedeného kolmo ke stanici metra, byly provedeny rozraZky rovno-
b&Zné s osou stanice pro samotné vytahy a tnikové schodisté. Jako
prvni byl vyraZzen nejmensi profil V s plochou teoretického vyrubu
27,40 m? v délce 3,05 m pro jeden z vytaht. Nasledovala rozrazka
profilu IV s plochou teoretického vyrubu 35,64 m? v délce 8,50 m.
V této rozrézce je situovan druhy vytah vcetné tnikového schodiste.

Razba pfestupni chodby byla délena horizontalné na kalotu a spod-
ni klenbu. Ke stabilizaci dila bylo pouzito dvou vrstev KARI siti
8x8/150x150 mm, stiikany beton SB20/25 min. tl. 250 mm, piihra-
dovy vyztuzny ram, radidlni kotveni a jehlovani pristropi samozavrt-
nymi kotevnimi ty¢emi IBO. Rozpojovani horniny probihalo v celé
trase prestupni chodby strojnim zptisobem za pouziti stroji CAT 305
CCR, Schaef Terex TC75, Schaef Terex HR18. OdtéZovani rubaniny
pak ¢elnim nakladacem Locust 903 a Komatsu WA 65. Témito stroji
byla rubanina nakladana do téZnich van a oto¢nym pasovym jefabem
RDK 300 téZena na povrch. Zde byly nasledné t€Zni vany naplnéné
rubaninou odvaZzeny nakladnimi auty.

RaZba byla zahdjena po dohloubeni t&7ni Sachty S1 smérem
k vytahové Sachté §2. Po vyraZeni a zaji§téni osmého pifhradového
ramu z celkovych jedenécti byly prace v tomto sméru razby zasta-
veny. Byl ponechan horninovy celik k vytahové Sachté S2 a razby
pokracovaly smérem ke stanici metra Karlovo namésti. Pranik pre-
stupni chodby a vytahové Sachty S2 byl realizovan dohloubenim
Sachty S2 s naslednou dobirkou horninového celiku (obr. 4).

Vzhledem k pfiznivému pribéhu deformaci, které byly velmi
peclivé sledovany nejen v razené Casti, ale také na povrchu a ze-
jména pak v samotné stanici metra, byl naplno vyuZit observacni

TuNel

consisting of two layers of shotcrete, is also worth mentioning. After
the completion of the first shotcrete layer, holes for anchors for
fixing KARI welded mesh were drilled. The mesh was subsequently
covered with the increased-thickness second shotcrete layer. The
tunnel stub for the excavation of the lifts and escape staircase, which
led perpendicularly to the metro station, was carried out in profile III.
The tunnel stub for the smallest profile V for one of the lifts, with the
theoretical excavated area of 27.40m?, was carried out first at a length
of 3.05m. The excavation of profile IV with the theoretical excavated
area of 35.64m? followed at the length of 8.50m. The second elevator,
including the escape staircase, is located in this tunnel stub.

The excavation sequence of the transfer corridor was divided
horizontally into top heading and invert. Two layers of KARI mesh
8x8/150x150mm, SB20/25 shotcrete with minimum thickness of
250mm, a lattice supporting frame, radial anchors and IBO self-
drilling rod anchors were used to stabilise the top heading. The
rock was being broken along the entire route of the transfer corridor
mechanically using CAT 305 CCR, Schaef Terex TC75 and Schaef
Terex HR18 excavators. Muck was loaded by front-end loaders
Locust 903 and Komatsu WA 65. With these machines, the muck
was loaded into tanks and lifted to the surface by a rotary crawler
crane RDK 300. Here, the tanks filled with muck were disposed off
by lorries.

The excavation towards the elevator shaft S2 started after
the completion of the excavation of hoisting shaft S1. After the
completion of the excavation and installation of the eight lattice
frames out of a total of eleven, the work in this direction of the
excavation was stopped. A block of rock in the direction of the S2 lift
shaft was left untouched and the excavation continued towards the
Karlovo Namésti metro station. The excavation of the intersection
of the transfer corridor with the lift shaft §2 was carried out by
completing the excavation of S2 to the bottom, with subsequent
drawing back the omitted block of rock (see Fig. 4).

Taking into consideration the favourable development of
deformations, which were very carefully monitored not only in the
mined part, but also on the surface and especially in the metro station
itself, the observational principle of the New Austrian Tunnelling

Obr. 4 Priinik pFestupni chodby s Sachtou S2
Fig. 4 Intersection of transfer corridor with shaft S2




princip Nové rakouské tunelovaci metody. Spodni klenba se tak
uzavirala podle vysledkd méfeni, jednani Rady monitoringu a po-
zadavku projektanta. Pfed rozrazkou profilu IV byl naptiklad poza-
davek uzavfit spodni klenbu profilu III v celé délce.

Dulezitym milnikem nejen razeb, ale priibéhu celé stavby byla
realizace pravrtu do stanice. Ten slouZil nejen pro geodetické oveé-
feni napojeni trasy prestupni chodby, ale zejména pak pro zdsobo-
véni betonem do stanice metra.

Podminkou pro propojeni podzemnich dél bylo nejen uzavieni
profilu III, IV a V pfestupni chodby spodni klenbou, ale zejmé-
na dokonceni Zelezobetonovych konstrukci ve stanici. Jednalo se
o betonaz zdkladd, stén vytahovych Sachet a v neposledni fadé
masivnich pravlakd, které byly betonovany posledni. Zasadnim
poZadavkem projektu pro demontdZ Zelezobetonovych tubingi sta-
nice metra byla pozadovana pevnost betonu prave téchto pravlaka.
Nartst pevnosti pravlaki a jejich pozadovand vysledna pevnost
byla zkouSena nedestruktivni metodou Schmidtovym kladivkem
v tydennim intervalu.

P1i realizaci spodni klenby v profilech IV a V, které byly razeny
v ose stanice pfiblizné 1 m nad tubingy, byly objeveny rizné typy
sanacnich praci, kterymi byl stabilizovan postup razby stanice pii
jeji realizaci v letech 1979-1985.

Jednalo se napf. o vyplnéni volnych prostor nasucho uloZenymi
betonovymi deskami pfiblizn€ 0,3 x 1,2 m tl. 50 mm. Dal§imi sta-
bilizujicimi prvky pak byly riizné typy provedenych injektazi, a to
cementovych i chemickych. Nejvice technicky a ¢asové narocné
bylo zmahani kombinace dievéné, oplechované a cementem proin-
jektované hraze. Takto zajistény prostor se podafilo v nutném roz-
sahu budouciho profilu ¢astecné za pomoci strojniho rozpojovani,
ale zejména s velkym podilem lidské prace, vyrabovat za dva dny.
Jednalo se o rohovou ¢ast budouci schodistové Sachty v kontaktu se
stavajicim osténim stanice.

Po realizaci spodnich kleneb nasledovalo dohloubeni Sibiku vy-
tahové Sachty S3 z profilu IV a rozepreni tyfmi kusy rozpér z ma-
sivnich ocelovych profilli kaZzdého s tnosnosti 572 kN. Poté byl
dohlouben $ibik na troven stanice i z profilu V. Vzhledem k zasti-
Zeni historickych sanacnich praci realizovanych pfi razbé stanice,
zejména pak nasucho vysklddanych betonovych desek, se naplno
vyuzily sanacni injektaze.

4.2 Prinik do stanice

Po dokonceni sanacnich injektazi a dozrani betonu pravlakd na
poZadovanou pevnost ndsledovala demontaz stavajiciho osténi sta-
nice ze Zelezobetonovych tubingl. Ta byla zahdjena v predstihu
snahou o povoleni Sroubl vzdjemné spojujicich jednotlivé tubingy
z vnitini strany stanice. Nepodafilo se vSak uvolnit asi 2/3 Sroubu.
Proto bylo pouZito jadrové vrtani v misté spoji. Vzhledem k jed-
nodusS$imu vrtani na rovné pracovni podlaze z tubingll ze strany
provadéné razby, kdy bylo nutné kotvit jadrovou vrtacku, se vrtalo
z vnéjsi strany stanice smérem dovnitf. To znamenalo do vytaze-
ni prvniho tubingu jen pfibliZny odhad na urceni spravné pozice
Sroubtl. PrestoZe byla provedena sonda dlouhym vrtakem a nasled-
né ocelovym prutem, od kterého se na rubu i na lici odmérovala
vzdélenost pozice Sroubil, nebylo mozno prenést z pohledové stra-
ny stanice s dostateCnou presnosti pozici Sroubl na rub tubingu,
a to zejména vzhledem k zaobleni a zkoseni hran tubingii. Nejen
proto byl nejprve jadrové odvrtan témér po celém obvodu nejmensi
dilec o rozméru 0,75 x 0,5 m, ale také z divodu sevieni uzavieného
prstence tubingu.

Jednotlivé tubingy mély obvodové spary v podélné ose stanice
opatfeny pulkruhovym Zlabkem, ktery byl vyplnén injektdZi nebo
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Method was fully used. The invert was thus closed according to the
results of measurements, meetings of the Monitoring Board and
requirements of the designer. For example, there was a requirement
for closing the invert of profile III along its entire length prior to the
opening of the excavation of profile IV.

An important milestone not only in the excavation procedure but
also in the course of the entire construction was drilling of a borehole
into the station. It served not only for verification of the connection of
the transfer corridor route by surveyors, but especially for supplying
concrete to the metro station.

The condition for the connection of the underground works was
not only the closure of the profiles III, IV and V of the transfer
corridor by the invert, but especially the completion of reinforced
concrete structures in the station. It was necessary to concrete the
foundations, the walls of the elevator shafts and, last but not least, the
massive bearing beams, which were concreted last. The fundamental
requirement of the design for dismantling the reinforced concrete
lining segments of the metro station lay in the required strength of
concrete of those bearing beams. The increase in the strength of the
bearing beams and their required final strength were tested by a non-
destructive method using the Schmidt hammer at weekly intervals.

During the construction of the invert in profiles IV and V, which
were excavated on the station axis approximately 1m above the
lining segments, various types of rehabilitation operations which
stabilised the excavation process of the station during the work in
1979-1985 were discovered.

The rehabilitation operations comprised, for example, the filling
of free spaces with dry-laid 0.3 x 1.2m concrete slabs approximately
50mm thick, various types of grouting, both cementious and
chemical. The most technically and time consuming was removing of
a combination of a wooden, steel sheeted and cement-injected dam.
The space secured in this way was successfully emptied in two days,
partly with the help of mechanical rock breaking, but especially with
a large share of human labour. It was the corner part of the future
stairwell in contact with the existing lining of the station.

The construction of the inverts was followed by the completion of
deepening of the lift shaft §3 from profile IV and bracing with four
pieces of braces from massive steel sections, each with a loading
capacity of 572kN. Then the excavation of the staple shaft was
completed to the level of both the station and the V profile. Due to
the occurrence of historic rehabilitation operations carried out during
the excavation of the station, especially the dry-laid concrete slabs,
the rehabilitation grouting was fully used.

4.2 Penetration to the station

After the completion of rehabilitation grouting and end of curing of
the concrete of the bearing beams after reaching the required strength,
the existing reinforced concrete lining of the station was dismantled.
The dismantling operation started in advance by efforts to loosen
the screws connecting the individual segments from the inside of the
station. However, loosening of about 2/3 of the screws failed. Due to
the easier drilling on a flat working floor formed by lining segments
from the side of the excavation, where it was necessary to anchor
the core drilling machine, drilling was carried out from the outside
of the station inwards. This meant that the correct position of the
screws was estimated only roughly until the first segment was drawn
out. Although a probe was carried out using a long drill and then a
steel rod, from which the distance of the position of the screws was
measured on the internal and external sides, it was not possible to
transfer the position of the screws on the visible side of the station to
the external side of the segment with sufficient accuracy, especially
due to the rounding and tapering of the segment edges. Not only
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Obr. 5 Priibéh demontdZe tubingu
Fig. 5 Lining segments disassembly process

zalivkou. V této rovné Casti tubingu byly navic vloZeny ocelové
pruty o priméru 32 mm (obr. 5).

Vzhledem k zakfiveni tubingl, masivnim Zebrim, omezené
moznosti nastaveni tklonu jadrového vrtani a pouzitym kotev-
nim prutim v zalivce byl i druhy segment osténi o rozméru 0,75 x
2,5 m z velké ¢asti odvrtan.

Demontovana ¢ast tubingl byla tvofena jednim vétsim a jednim
mensim tubingem, které se pak pravidelné ve své dispozici stfidaly.
Po demontézi prvniho péaru byly jiZ moZnosti rozpojovani pfizni-
véj§i. Presto trvala hrubd demontéz osténi Zelezobetonovych tubin-
gl stanice metra cca sedm dni. Poté nasledovalo ru¢ni docisténi
a piiprava povrchu pro instalaci hydroizola¢niho souvrstvi.

5. ZHOTOVENI HYDROIZOLACNIHO SOUVRSTVI

Systém provedeni hydroizolace byl v dokumentaci pro vybér
zhotovitele umoznén v obou zdkladnich typech jak stfikany, tak
foliovy. V dopracovani projektu pro provedeni stavby bylo podle
pozadavku zhotovitele detailné rozpracovano pouziti féliové hyd-
roizolace. Konstrukce prestupni chodby a vytahové Sachty S2 je ve
vysledku opatiena proti pisobeni podzemni vody uzavienym me-
zilehlym hydroizola¢nim souvrstvim realizovanym mezi primarni
osténi ze stiikaného betonu a definitivni osténi z monolitického
Zelezobetonu. Jednd se o dvouvrstvy systém geotextilie o plosné
hmotnosti 800 g/m? a PVC f6lie Mapeplan TU HE 31 o minimalni
tloustce 3 mm s oranZovou signalni vrstvou.

Pred samotnou realizaci hydroizolace bylo nutné stény Sachty
a prestupni chodby fadné zprofilovat a odstranit veskeré pomocné
konstrukce, uchyty pro média, konvergencni body apod. V této fazi
bylo zajimavosti odstratiovani rohovych rozpér v Sachté $2. Jedna-
lo se o trubky TR114/8 a 140/10, které bylo nutné demontovat ve
tfech fadach, tedy 12 ks pfi kazdém posunu pracovni ploSiny. Toto
bylo ¢asoveé a organizan€ naro¢né v soub&hu dalSich praci.

Geotextilie je pfipevnénd k podkladu ze stfikaného betonu po-
moci nastielovacich fixac¢nich disku ,,PVC disk MAPEI“. Féliova
hydroizolace je nasledné k t€émto ter¢im pomoci horkovzdusnych
pistoli pfitavena. MnozZstvi ter¢d na m? volil dodavatel na zakla-
dé zkuSenosti a Clenitosti povrchu konstrukce. Naptiklad v mis-
tech kiiZeni bylo mnoZstvi ter¢li ndsobné€ vyssi, aby bylo mozné
folii fadné vytvarovat a nebyla tak namahana tahem. V rozsahu
dna Sachty S2 a prestupni chodby pak byla hydroizolace ochrang-
na dvéma vrstvami geotextiliec o plo$né hmotnosti 1000 g/m?. Ve
vSech pracovnich i dilatacnich sparach byly vloZeny tésnici spa-
rové pasy s pojistnym systémem injektaznich hadicek. Tyto jsou

Tuel

for this reason, but also due to the clamping of the closed ring of
segments, the smallest segment measuring 0.75 x 0.5m was core
drilled around the entire circumference first.

The circumferential joints of individual segments were provided
with a semicircular groove in the direction of the longitudinal
axis of the station. It was filled with grout or a joint compound. In
addition, steel bars 32mm in diameter were inserted in this straight
part of the lining segment (see Fig. 5).

With respect to the curvature of the segment, the massive ribs,
the limited ability of setting the angle of the core drilling and the
anchor rods in the grout, the second lining segment measuring 0.75
% 2.5m was also removed by drilling.

The dismantled part of the segmental lining consisted of one
larger and one smaller segment, which then alternated regularly
in their positions. After the dismantling of the first pair, the
disconnection options were more favourable. Nevertheless, the
raw dismantling of the lining formed by the reinforced concrete
segments of the metro station took about seven days. This was
followed by manual cleaning and preparation of the surface for the
installation of waterproofing layers.

5. INSTALLATION OF WATERPROOFING LAYERS

The tender design allowed for both basic systems of waterproofing,
i.e. the sprayed-on and membrane-based systems. According to
a contractor’s request, the use of membrane waterproofing was
elaborated in detail in the completion of the final design. In the
result, the structure of the transfer corridor and lift shaft S2 is
protected against the action of groundwater by closed intermediate
waterproofing layers installed between the shotcrete primary lining
and the monolithic reinforced concrete final lining. The system
consists of two layers, an 800g/m?* geotextile and a Mapeplan TU
HE 31 PVC membrane with minimum thickness of 3mm, with an
orange signal layer.

Prior to the actual installation of the waterproofing, it was
necessary to carry out proper profiling of the walls of the shaft and
the transfer corridor and remove all auxiliary structures, holders for
media, convergence points, etc. At this stage, an interesting operation
was to remove the braces in shaft S2. The TR114/8 and 140/10
bracing pipes had to be dismantled in three rows, i.e. 12 pieces,
each time the work platform was shifted. It was time-consuming
and organisationally demanding in the course of other operations
running in parallel.

The geotextile is attached to the shotcrete substrate by means
of MAPEI PVC roundels fixed with cartridge hammers. The
waterproofing membrane is subsequently welded to the roundels
using heat guns. The number of targets per m?> was chosen by
the contractor based on the experience and articulation of the
construction surface. For example, at crossing points, the number
of roundels was many times higher so that the membrane could be
properly shaped and not subjected to tensile stress. In the area of the
bottom of the shaft S2 and the transfer corridor, the waterproofing
was protected by two layers of geotextile with a weight of 1000g/m>.
Sealing waterbars with a safety system of grouting hoses were
inserted in all construction and expansion joints. The hoses are
brought into boxes on the face of the final lining. Chemical grouting
is considered as the safety system.

Due to the segmentation of the structure and the required
completion date of the construction works, all standard operations
(excavation, waterproofing and final lining) took place at the
same time. During the excavation of the transfer corridor, the
waterproofing and final lining were installed in the elevator shaft S2.




svedeny do krabic na lici definitivniho osténi. Jako pojistny systém
je uvazovana chemicka injektaz.

Vzhledem k ¢lenitosti stavby a poZadovanému terminu dokonceni
realizace stavby probihaly vSechny standardni operace (razba, hyd-
roizolace a definitivni osténi) zaroveii. V pribéhu razeb prestupni
chodby tak byla ve vytahové Sacht& S2 realizovdna hydroizolace
a definitivni osténi. V $achté S2 byla hydroizolace realizovana v zi-
vislosti na definitivnim osténi, tedy po jednotlivych betondZnich sek-
cich. Toto bylo jednodussi, casové méné naro¢né a zejména méné
rizikové na poskozeni hydroizolace ve svislém dile. LeSeni s pracov-
ni podlahou tak bylo priddvano pro kazdy zabér hydroizolace a de-
finitivniho osténi jen jednou. Nicméné mezi realizaci jednotlivych
sekci hydroizolace vznikala asi tydenni prodleva.

Pro stavbu to znamenalo vys$$i naroky na koordinaci praci a ¢aso-
vou nédvaznost jednotlivych pracovnich operaci. Tomu odpovidala
i dvoumésicni prestavka dodavatele hydroizolace pred dalSim po-
kraCovanim praci, které pokracovaly detailem napojeni v mistech
prostuptl do stanice metra. Tento detail fesil dodavatel na zakladé
zkuSenosti z obdobnych staveb napiiklad stavby metra v Kodani.

Jednalo se o pouziti flexibilni hydroizola¢ni tésnici pasky z PVC
(Sikadilatec), ktera je na jedné strané nalepena epoxidovou maltou
Sikadur 31 pfimo na tubingy stanice metra. Na tu se nasledné rucné
termicky pfilepila PVC folie Mapeplan TU HE 31. Detail byl navic
opatfen pojistnym systémem injektaznich hadic a dvéma bitume-
novymi bobtnavymi pasky (obr. 6).

Obr. 6 Napojeni hydroizolace v misté priniku do stanice
Fig. 6 Connection of waterproofing layers at the penetration into the station

Obr. 7 Prinik téZni Sachty S1 a prestupni chodby
Fig. 7 Intersection of hoisting shaft S1 with transfer corridor
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In shaft S2, the waterproofing was installed depending on the final
lining, i.e. in individual concrete casting sections. This operation
was simpler, less time consuming and especially less risky for
damaging the waterproofing in the vertical shaft. Scaffolding with
a working platform was added only once for each advance step of
the waterproofing and final lining installation. However, there was
a delay of about one week between the installation of individual
sections of waterproofing.

For the construction, this meant higher demands on the coordination
of work and the time sequence of individual work operations.
The two-month interruption in the work of the waterproofing
contractor before the continuation of work corresponded to it. The
work continued on the details of the connections at the openings to
the metro station. This detail was solved by the contractor on the
basis of experience from similar construction projects, such as the
construction of the Copenhagen metro.

It was a case of the use of a flexible PVC (Sikadilatec) waterproofing
gasket, which is glued on one side with epoxy mortar Sikadur 31
directly to the segments of the metro station lining. The Mapeplan
TU HE 31 PVC membrane was then thermally glued to it by hand.
The detail was additionally provided with a safety system of grouting
hoses and two bituminous swelling waterbars (see Fig. 6).

In the lift shaft S3 with an escape staircase, the work on the
waterproofing was complicated by massive braces, which could not
be removed until the final lining had been carried out approximately
30cm below the braces.

As a result, details originated
on the structure that could not be
solved without hand patches. This
also concerned the detail of the
intersection of the mining shaft S1
with the transfer corridor (see Fig. 7).

Therefore, regular tests and
acceptances were part of the work
on the waterproofing. The basic test,
especially for hand patches, is the
so-called needle penetration test.
Furthermore, a vacuum test is used for
manual welds, in which a maximum
vacuum of 0.4bar is created for
approximately for 1 minute with the
help of a vacuum bell. A pressure
test is used for mechanically made
welds. During mechanical welding,
the channel formed between two
welds is tested by approximately
2bar pressure; the pressure drop is
monitored at 10 minute intervals. The
result is satisfactory if the pressure
does not drop by more than 10%.

6. FINAL LINING

The design of permanent rein-
forcement in terms of aggressive
effects of water on concrete structures
was conducted correctly for the given
construction locality. Groundwater
here has a low degree of aggression
— XALl. The construction was divided
into several phases. In the first phase,
the final lining of the lift shaft S2
was carried out; in the second phase,
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Ve vytahové Sachté S3 s tnikovym schodiitém byly price na
hydroizolaci komplikovany masivnimi rozpérami, které nebylo
moZné demontovat do zhotoveni definitivniho osténi cca 30 cm
pod rozpéry.

Na projektu tak vznikaly detaily, které se neobeSly bez ru¢nich
zaplat. To se tykalo i detailu priniku t&7ni Sachty S1 a prestupni
chodby (obr. 7).

Soucasti realizace hydroizolaci proto byly pravidelné zkousky
a prejimky. Zakladni zkouskou zejména u rucnich zéplat je tzv. test
jehlou. Déle se u ru¢nich svari pouziva vakuovy test, kdy se za
pomoci vakuového zvonu vytvori max. podtlak 0,4 bar na dobu
priblizné 1 minuty. U strojné vytvorenych svarQ se pouziva tlako-
va zkouska. Pfi strojnim svarovani se zkousi kandlek vznikly mezi
dvéma svary na tlak pfibliZzn€ 2 bary, pficemZ se sleduje pokles
tlaku po 10 minutach. Vysledek je vyhovujici, pokud nedojde k po-
klesu tlaku o vice nez 10 %.

6. DEFINITIVNI OSTENI

Névrh trvalé vyztuze z hlediska agresivnich ucinki vody na beto-
nové konstrukce byl pro danou lokalitu navrZen spravné. Podzemni
voda mé zde nizky stuperi agresivity — XAl. Stavba byla rozdélena
do nékolika fazi. V prvni fazi bylo zhotoveno definitivni osténi vy-
tahové Sachty S2, v druhé f4zi byly provedeny v soub&hu s razbami
vnitini nosné rozpérné konstrukce stfedni lodé€ stanice. Provedeni
téchto ¢innosti a dosaZeni pozadované pevnosti betonu rozpérnych
konstrukei bylo nezbytnou podminkou pro mozné doraZeni spod-
ni klenby pfestupni chodby v dseku IV. V treti fazi po demontédzi
koliznich tubingli v misté prostupt do stanice byl proveden nosny
skelet v prestupni chodbé. Prestupni chodba byla rozdélena na tfi
dilatacni dseky, vytahova Sachta S2 na dva, a to z davodu nutnosti
vloZeni vibroizolace do dilata¢ni spary.

6.1 Vytahova Sachta S2

Definitivni osténi vytahové Sachty je provedeno z betonu
C30/37-XAl1, XC2-C1 0,2-D_ 16 mm. Osténi v podzemni Cdsti
bylo tvofeno deseti bloky s oznacenim BS101-BS110 o celkové
délce 33,80 m a v nadzemni ¢asti od suterénu po 1. NP dvéma
bloky s ozna¢enim BS111-BS112 o celkové délce 6,61 m. Typicka
tloustka konstrukce byla 450 mm. V ¢asti, kde Sachta ménila tvar
z elipsy na obdélnik, dosahovala tloustka az 1320 mm. Vnitini tvar
je obdélnikovy o rozmérech 2,7 x 4,3 m, se svislou drazkou pro
chranicky elektroinstalace o rozmérech 0,1 x 0,6 m ve svislé ose
stény na strané k prestupni chodbé.

Sekce BS101 a BS102 byly v priniku do prestupni chodby ukon-
Ceny dilatacni sparou s vloZenou vibroizolaci SYLODYN NC 25
tloustky 25 mm. Mezi bloky BS107 a BS108 byla dilata¢ni spara,
do které byla v celé délce uloZena akusticka vibroizolace SYLO-
DYN NE 25 tloustky 25 mm. Tato izolace byla instalovana v celé
lozné i svislé spare dobetondvek nosnych konstrukci na styku su-
terénu a 1.NP.

Ve dné vytahové Sachty byla zfizena docasnd jimka kruhového
tvaru pro jimani podzemnich vod. Po instalaci hydroizola¢niho
souvrstvi a montazi armatury byla provedena betondz tak, aby ne-
doslo k zabetonovani této jimky. Jeji funkce musela byt zachovana
do doby dokonceni definitivnich konstrukci nejenom ve vytahové
Sachté, ale i v prestupni chodbé.

Poté nasledovaly v proudovém sledu ¢innosti na dalSich sekcich.
Bednéni bylo zhotoveno ze systémovych prvkid TRIO dodavatele
PERI a.s. Pro zajisténi pracovni polohy byla ve spodni ¢asti dané-
ho zabéru pracovni ploSina, jez byla zajiSt€éna pomoci 25 sklapé-
cich konzolek instalovanych pied betondzi do armatury predcho-
zi sekce. Standardni betondzni sekce byly vysoké 3,2 m. VyztuZ

Tuel

the internal load-bearing bracing structures of the central nave of
the station were carried out in parallel with the excavation. These
activities and reaching of the required concrete strength of the
concrete bracing structures was a necessary condition for the possible
completion of the excavation for the invert in the transfer corridor
section IV. In the third phase, after the dismantling of the colliding
lining segments at the openings into the station, the supporting
skeleton was installed in the transfer corridor. The transition corridor
was divided into three expansion sections and the lift shaft S2 into
two sections. The reason was the necessity for inserting vibration
isolation into the expansion joints.

6.1 Lift shaft S2

The final lining of the elevator shaft is made of C30/37-XAl,
XC2-C10.2-D_ 16mm concrete. The lining in the underground
part consisted of ten blocks marked BS101-BS110 with a total
length of 33.80m and, in the above-ground part from the basement
up to the 1* floor, two blocks marked BS111-BS112 with a total
length of 6.61m. The typical thickness of the structure was 450mm.
In the part where the shaft changed the shape from an ellipse to a
rectangle, the thickness reached up to 1320mm. The internal shape
is rectangular with dimensions of 2.7 x 4.3m, with a vertical groove
for wiring protecting troughs 0.1 x 0.6m on the vertical axis of the
wall, on the side of the transfer corridor.

Sections BS101 and BS102 were terminated at the penetration
into the transfer corridor by an expansion joint with 25mm thick
SYLODYN NC 25 vibration isolation inserted into it. There was
an expansion joint between the BS107 and BS108 blocks, in which
the 25mm thick SYLODYN NE 25 acoustic vibration isolation was
placed along the entire length. This isolation was installed in the
course and vertical joints in the additionally concreted load-bearing
structures at the contact between the basement and the 1* floor.

A temporary circular sump was set up at the bottom of the
elevator shaft, to collect groundwater. After the installation of the
waterproofing layers and installation of concrete reinforcement,
concreting was carried out in a way preventing the filling of the
sump with concrete. Its function had to be maintained until the
completion of the final structures not only in the lift shaft, but also
in the transfer corridor.

This was followed by a stream of activities in other sections. The
formwork was carried out using TRIO system elements supplied
by PERI a.s. To secure the working position, there was a working
platform in the lower part of the concreting step, which was secured
by means of 25 folding brackets installed before concreting, in
the reinforcement of the previous section. The standard concrete
casting sections were 3.2m high. The tie-up reinforcement (see
Fig. 8), was supplemented in the transition part with welded mesh
6x6/100x100mm. The formwork, reinforcement and concrete
were moved by means of an electric cable tackle with a maximum
capacity of 5,000kg.

6.2 Transfer corridor

The final lining of the transfer corridor was divided lengthwise
into 3 expansion units with a total number of 13 concrete casting
blocks and 4 front walls. Furthermore, the execution of the lining was
divided horizontally into two levels, i.e. the upper vault and the invert.
A horseshoe shape was designed and carried out in 5 different cross-
sections with two transition sections, one branch and one crossing.
This unusual articulation placed great demands on the formwork
and the logistics of the formwork parts supplied underground only
through an elliptical hoisting shaft with limited spaces on the surface
of the construction site utility. The transfer corridor descends at a




Obr. 8 Armatura sekce BS110
Fig. 8 Concrete reinforcement of block BS110

byla vazana (obr. 8), v pfechodové Casti doplnéna o vyztuzné sité
6x6/100x100 mm. Pfesun bednéni, armatury i betonu byl zajiStén
pomoci elektrického lanového kladkostroje o maximalni nosnosti
5000 kg.

6.2 Prestupni chodba

Definitivni osténi prestupni chodby bylo rozdéleno po délce na
tfi dilatacni celky o celkovém poctu 13 sekci a Ctyf Celnich stén.
Dale bylo osténi horizontdlné rozdéleno na dvé vySkové trovné
provadeéni, tj. na horni klenbu a spodni klenbu. Podkovovity tvar
byl navrZzen a zrealizovan v péti riznych pficnych profilech s dvé-
ma prechodovymi useky, jednim odbocenim a jednim kiiZenim.
Tato neobvykla Clenitost kladla velké naroky na bednici formy
a logistiku bednicich diltt do podzemi pouze pies eliptickou té€Zni
Sachtu s omezenymi prostory na povrchu zafizeni staveniste. Pre-
stupni chodba klesd ve sklonu 0,3 % smérem od vytahové Sachty
S2 ke stanici, kde poslednich 10 m je provedeno bez spadu.

Definitivni osténi spodni klenby bylo provadéno od vytahové
Sachty S2 smérem ke stanici (obr. 9). Maximalni tloustka osténi byla
880 aZ 930 mm s instalovanou armaturou pii obou povirsich v po-
délném i pficném sméru. V Casti tlakového uzavéru byla konstrukce
spodni klenby kompletné vynechana, protoZe zhotoveni stény kolem
tlakového uzavéru bylo nutné zrealizovat bez pracovni spary, tedy po
dokonceni spodnich kleneb a kleneb sousednich sekci.

Do spodni trovné bylo podélné umisténo potrubi pro vytlak
D63-PE 100 SDR 11 s izolaci tl. 10 mm a pro drendz D200x11,9—
PE 100 SDR 11 taktéz s izolaci tl. 10 mm, ve sklonu 0,3 % smérem
ke stanici. Ob€ potrubi prochazi tfemi Sachtami. Do drendZniho
potrubi jsou svedeny na tfech mistech podélné postranni zlabky
ziizené pro zachyceni pripadnych prasakda.

Celni stény byly provedeny tloustky 400 mm s volné loZenou
armaturou ve dvou vrstvach. Bednéni bylo zhotoveno ze systémo-
vych prvka TRIO dodavatele PERI a.s. jako jednostranné bez hori-
zontdlni pracovni spéry, coz kladlo diraz na pevné zapfeni.

Po provedeni betonazi Celnich stén byla zahajena montdz arma-
tury a bednici pojizdné formy ze systémovych prvka PERI. Arma-
tura byla prevazné tvorena dvéma polohami siti 8x8/150x150 mm,
které byly instalovany na Ctyfprutovy piihradovy ram a doplnény
o smykovou vyztuz a distance. Montaz probihala z armovaciho le-
Seni systému PERI UP.

Hlavni nosna konstrukce bednici formy byla tvofena z nosnikt
RCS, které byly ztuZeny v pricném sméru vieteny SLS a v podél-
ném sméru zdvorami SRU. Na SLS vietena byly instalovany zavory
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gradient of 0.3% in the direction away from the lift shaft S2 to the
station, where the last 10m section is without a slope.

The final lining of the invert was carried out from the lift shaft
S2 towards the station (see Fig. 9). The maximum lining thickness
ranged from 880 to 930mm. The reinforcing bars were installed
at both surfaces in the longitudinal and transverse direction. In the
part containing the pressure-resisting gate, the invert structure was
completely omitted because the construction of the wall around the
pressure-resisting gate had to be carried out without a construction
joint, i.e. after the completion of the inverts and vaults of the adjacent
sections.

A D63-PE 100 SDR 11 force main with 10mm thick insulation
and a D200x11.9-PE 100 SDR 11 drainage pipeline, also with the
insulation thickness of 10mm, sloping at 0.3% towards the station,
were placed longitudinally in the lower level. Both pipelines pass
through three shafts. Longitudinal side channels set up to catch any
leaks are led into the drainage pipe in three places.

The front walls were 400mm thick, with the reinforcement installed
freely in two layers. The TRIO system formwork elements were
supplied by PERI a.s. as a one-sided system without a horizontal
working joint. It emphasised firm bracing.

After completion of concreting the front walls, the assembly of
the reinforcement and the traveller formwork consisting of PERI
system elements started. The reinforcement consisted mainly of two
layers of 8x8/150x150mm welded mesh, which were fixed to a four-
bar lattice frame and were supplemented with shear reinforcement
and spacers. The reinforcement was installed from PERI UP system
scaffolding.

The main load-bearing structure of the formwork was formed by
RCS beams, which were reinforced in the transverse direction by
SLS spindles and, in the longitudinal direction, by SRU walers. GRV
walers with GT 24 wooden trusses with two staggered layers of water-
resistant plywood installed on them were installed on the spindles.
To ensure the supply of concrete behind the formwork, 10 pieces of
DN 125 filling gates were installed. The surface of the formwork was
then coated with formwork oil and the resulting concrete lining was
treated with MasterKure 220WB coating. Two pieces of concreting
checkers (“spies”) were installed in the formwork. They were
then used for injecting concrete to any unfilled space between the
waterproofing and the concrete structure at the top.

After moving the formwork from shaft S1 to shaft S2, double-
sided formwork was assembled, reinforcement was installed and the
pressure-resistant wall was concreted. The bottom, side walls and
vault concrete was cast as one composite pour. The reinforcement
of the wall and bottom was connected with the adjacent concrete

Obr. 9 Betondz spodni klenby prestupni chodby
Fig. 9 Concreting the invert of the transfer corridor
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GRV s dfevénymi vazniky GT 24
s Sachovnicové instalovanymi dvé-
ma vrstvami vodéodolné pieklizky
tl. 9 mm. K zajisténi presunu betonu
do formy bylo instalovano 10 ks pl-
nicich otvor DN 125. Povrch formy
byl nasledné natfen bednicim olejem
a vzniklé betonové osténi bylo oset-
feno natérem MasterKure 220WB.
Do formy byly instalovany dva kusy
kontrolort betonaze (,,Spiony*), které
nasledné slouZily k doinjektovani pri-
padného nevyplnéného prostoru mezi
hydroizolaci a betonovou konstrukci.

Po presunu bednici formy od Sach-
ty S1 k Sachté¢ S2 bylo provedeno
oboustranné bednéni, montaz arma-
tury a betonaZ tlakové odolné stény.
BetonaZz byla provedena najednou,
tzn. dno, boky i klenba. VyztuZ dna stény byla provizana se soused-
nimi betondZnimi sekcemi BS201 a BS203 i s pomoci Sroubovych
spojek. Do tlakové stény byl umistén rucni otocny tlakovy uzavér
US-3, jez musel byt uloZen do stény jiZ ve fazi montidze armatury.

Betonaze kleneb byly provadény od stanice smérem k téZni Sach-
t& S1 (obr. 10). Jako posledni betonazni blok byl zrealizovan BS3
prinikovy se Sachtou S1. Po betonaZi byla forma rozebrina na
jednotlivé segmenty a dily. Ty byly pfesunuty vytahovou Sachtou
S2 na povrch ve velmi omezenych prostordch pomoci minijefabu
UNIC 095, jez je vyvinut na specidlni prace v interiérech.

7. SOUHRN ZISKANYCH ZKUSENOSTI

Bé&hem vystavby bylo nutné se vyporadat s n€kolika nepiizni-
vymi faktory, které byly spojené predevS§im s provddénim praci
v obydlené Casti mésta v pomérné slozitych geotechnickych pod-
minkéch. Vlastni ¢innosti nesmélo dojit k jakémukoliv ovlivnéni
provozované stanice metra Karlovo ndmésti. Pfedev§im z tohoto
diivodu byla vybudovana Sachta S1, pies kterou byl dopravovan
veSkery materidl, odt€Zovana rubanina, apod. Pfi razbach nebylo
témér mozné provadét trhaci prace s vyjimkou spodni ¢asti Sachty
S2. Zarovent pii razbé prestupni chodby nebylo moZné provadét
prace v nepietrzitém reZimu. TaktéZ byly zastiZeny oproti pfedpo-
kladu velmi kompaktni zdravé polohy dobrotivskych bridlic, které
byly strojné velmi té€Zce rozpojitelné. Pies veSkeré komplikace vSak
byla stavba fddn¢ dokoncena a nyni jiz zdarn€ slouZi vefejnosti.
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Obr. 10 Betondz horni klenby prestupni chodby
Fig. 10 Concreting the upper vault of the transfer corridor

casting sections BS201 and BS203 also using conically threaded
coupling sleeves. A manual rotary pressure valve U8-3 was placed in
the pressure-resistant wall; it had to be placed in the wall already in
the reinforcement assembly phase.

Concreting of the vaults proceeded from the station towards the
hoisting shaft S1 (see Fig. 10). The BS3 concrete casting block
penetrating to the shaft S1 was carried out as the last one. After
concreting, the formwork was disassembled into individual segments
and parts. These were moved to the surface through the lift shaft S2
in very confined spaces using a mini-crane UNIC 095, which has
been developed for special work in interiors.

7. SUMMARY OF GATHERED EXPERIENCE

During the construction it was necessary to deal with several
unfavourable factors, which were mainly associated with the
work in a populated part of the city in relatively complicated
geotechnical conditions. The actual activities were not allowed to
affect the operation of the Karlovo Nameésti metro station. Mainly
for this reason, the shaft S1, through which all materials were
transported, muck was removed, etc., was built. During excavation,
it was almost impossible to use blasting, with the exception of the
lower part of shaft S2. At the same time, it was not possible to
work 24h/day during the excavation of the transfer corridor. Very
compact, fresh layers of Dobrotiv formation shale, which was very
difficult to break mechanically, were also found contrary to the
assumption. Despite all the complications, the construction was
properly completed and is now successfully serving the public.
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METRO ,CITYRING" V KODANI - USEK ,BRANCH OFF TO SYDHAVN"
COPENHAGEN METRO CITYRING — BRANCH OFF TO SYDHAVN

BARBORA PISOVA

ABSTRAKT

V soucasnosti je ve vystavbé novy tisek linky metra M4 v méstské cdsti Sydhavn v hlavnim mésté Ddnska, Kodani. Tento visek metra je
4,4 km dlouhy a predstavuje prodlouzeni stdvajici linky M4. Predpoklddané datum dokoncent je v roce 2024 s cilem uspokojit rostouci
dopravni potreby mésta v zdvislosti na rostoucim poctu obyvatel. Predpoklddd se, Ze novd linka prepravi priblizné 43 000 cestujicich
denné, pricemZ rocni pocet cestujicich je odhadovdn na 15,5 milionu. Novy uisek linky metra bude mit pét novych stanic a propoji okoli
Jjizniho pristavu Sydhavn s existujict linkou M3 Cityring a severni Cdsti linky M4 smérujici do pristavu Nordhavn.

ABSTRACT

A new section of the M4 metro line is currently under construction in the Sydhavn district of Copenhagen, the capital of Denmark. This
section of the metro is 4.4km long and represents an extension of the existing M4 line. The expected completion date is 2024 in order to
meet the growing transport needs of the city depending on the growing population. The new route is expected to carry approximately
43,000 passengers per day, with an annual passenger number estimated at 15.5 million. The new section of the metro line will have five
new stations and will connect the area around the southern port of Sydhavn with the existing M3 Cityring line and the northern part of the
MA4 line to the port of Nordhavn.

1. PROJEKT

1.1 Uvod

Linka metra M4 je rozdélena na dvé
casti. Prvni dsek spojuje Nordhavn %%
— nové vybudovanou méstskou cast -, x‘%
Kodané — s centrem mésta; druhy usek, @ e O . o
»Branch off to Sydhavn* je pokracova-
nim linky M4 smérem k jiznimu piistavu
(obr. 1). Spolecnost HOCHTIEF Infra- .
structure GmbH se podilela na projekto-
vani a vystavbé obou usekd, kde ,,Branch
off to Nordhavn® byl dspésné dokoncen
a otevien pro vefejnost v lednu 2020
a ,,Branch off to Sydhavn* je v soucasné
dobé ve vystavbé.

1.2 ,Branch off to Sydhavn“

V unoru 2018 ziskala spolecnost
TUNN3L JV (T3L JV), sdruZeni tvofené “Branch off to Sydhavn"
spole¢nostmi HOCHTIEF Infrastructure
GmbH a Vinci Grand Projets, od danské-
ho provozovatele metra Metroselskabet
(MS) zakazku na projektovani a vystavbu Obr. 1 Prehlednad situace linky metra M4 v Kodani

useku ,,Branch off to Sydhavn®. Vystavba  Fig. 1 Overview of the M4 metro line in Copenhagen
byla zahdjena jiz v roce 2018 a ocekava

“Branch off 1o Mordhavn®

zdroj MS source MS

se, Ze novy systém metra bude pIné funkéni v roce 2024. SdruZze- 1. PROJECT

ni T3L, v némZ maji obé spolecnosti 50% podil, vede spolecnost

HOCHTIEF Infrastructure GmbH. Celkova hodnota zakdzky je 470 | 1-1 Introduction

milion® eur. The M4 metro line is divided into two parts. The first section
Rozsah projektu lze shrnout nasledovné: connects Nordhavn — the newly built part of Copenhagen — and
* 5 hloubenych stanic; the city center; the second section, “Branch off to Sydhavn”, is a
e dva trafové tunely razené dvéma zeminovymi §tity; continuation of the M4 line towards the southern port (Fig. 1).
* dva tunelové rozplety; HOCHTIEF Infrastructure GmbH was involved in the design
 konven¢né raZena propojka mezi tratovymi tunely, véetné Cer- | and construction of both sections, where the “Branch off to

paci jimky; Nordhavn” was successfully completed and opened to the public in

* mechanické a elektrické instalace v tunelech a stanicich; January 2020 and the “Branch off to Sydhavn” is currently under

* architektonické prace ve stanicich. construction.
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zdroj proje source project d

Obr. 2 Typicky priirez tratového tunelu
Fig. 2 Typical running tunnel cross-section

1.3 Stanice a tratové tunely

Typicky prifez trafovych tunell je zndzornén na obr. 2. Vnitini
pramér tunelu je 4,9 m, vnéjsi pramér 5,5 m a délka kazdého z nich
4.4 km. Tunely byly razeny dvéma zeminovymi $tity a jsou vyztu-
Zeny segmentovym osténim tlouStky 30 cm z dréitkobetonu; pouze
nékteré segmenty (napf. okolo napojeni propojky na tratové tunely)
jsou ze Zelezobetonu.

Typické ptidorysné rozmeéry stanic jsou 62x 18 m (délka x §itka),
tii stanice z celkovych péti jsou 24 m hluboké, zbyvajici dvé jsou
hluboké 17 m. Stanice jsou vybudovany v oteviené stavebni jame,
uvnitf jejich opérnych konstruketi, které mély béhem vystavby funkci
zajisténi stavebni jamy proti zemnimu tlaku a tlaku podzemni vody
a byly rovnéz navrZeny tak, aby odolaly pfitiZeni provrchu okolni
zastavbou, vcetné zatiZeni od jetabu
pfi vyzdvihovani zeminovych §tit ze
dna Sachty (obr. 3).

Smér vystavby trafovych tuneld,
resp. smér razeb pomoci zeminovych
§titd, je zobrazen na obr. 4. Stanice
byly vyhloubeny v predstihu pred
jejich prijezdem zeminovymi Stity.
Razba probihala nejprve od Sachty
Enghave Brygge smérem na jih. Jak-
mile zeminové Stity dorazily do cilo-
vé Sachty v Ny Ellebjerg, byl odpojen
komplet navésa, Stity byly demonto-
vany, vyzdviZeny ze dna Sachty a pie-
vezeny zpét do startovni Sachty v En-
ghave Brygge/Orstedsvaerket. Zde
byly Stity znovu spustény do Sachty
a smontovany a pokracovaly v razbé
opacnym smérem ke koncové Sachté
v Havneholmen.

Prorazka do cilové Sachty v Havne-
holmen byla unikatni tim, Ze zemino-
vé §tity postupovaly v razbé v patrech
vertikalné nad sebou (obr. 5).

1. smér razby
1sttunnel drive

2. smér razby
27 tunnel drive

stanice
station

rozplet
cross-over

propojka
cross-passage

koncova $achta
end shaft
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zdroj autor source author

Obr. 3 Zveddni fezné hlavy Stitu ze dna Sachty
Fig. 3 Lifting the shield cutting head from the bottom of the shaft

1.2 Branch off to Sydhavn

In February 2018, TUNN3L JV (T3L JV), a joint venture of
HOCHTIEF Infrastructure GmbH and Vinci Grand Projets, won a
contract from the Danish metro operator Metroselskabet (MS) to
design and build the “Branch off to Sydhavn” section. Construction
began in 2018 and the new metro system is expected to be fully
operational in 2024. T3L, in which both companies have a 50%
stake, is led by HOCHTIEF Infrastructure GmbH. The total value of
the contract is 470 million euros.

The scope of the project can be summarized as follows:

¢ 5 cut and cover stations;

e two running tunnels dug by two earth pressure balance shields;

e two tunnel branchings;

£ :
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Obr. 4 Smér vystavby tratovych tunelii
Fig. 4 Running tunnels construction direction




A
stavajici linka metra
existing metro line
nova linka metra M4
IS
[¥e)
o
%
S
o
o
]
£
wn
@
s
s
vy

zemni kotv
ground anchors

zdroj projektovd dokumentace source project documentation
Obr. 5 Prordzka do cilové Sachty
Fig. 5 Breakthrough into the target shaft

1.4 Geologické a hydrogeologické poméry

Tunely se nachazeji prevazné ve svrchnim kodanském vapenci
(UCL), stfednim kodanském vapenci (MCL) a bryozoickém vapenci
(BZ). Pouze v okoli Sachty Havneholmen, kde je trasa tunelu vyse
polozend, zasahuje profil tunelu ¢astecné do pokryvnych ctvrtohor-
nich sedimenta (obr. 6).

Navrhové geotechnické parametry byly interpretovany na zakla-
dé vysledkt inzenyrskogeologického pruzkumu podél trasy tunelu.
Pevnost kodariskych vapencti se zpravidla s rostouci hloubkou zvy-
Suje a zarovei se sniZuje jejich propustnost. Zakladni geotechnické
parametry jsou shrnuty v nasledujici tab. 1.

Tab. 1 Geotechnické parametry [1]
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* conventionally excavated crosspassage between running tunnels,
including a sump;

» mechanical and electrical installations in tunnels and stations;

e architectural works in stations.

1.3 Stations and running tunnels

A typical cross-section of the running tunnels is shown in Fig. 2.
The inner diameter of the tunnel is 4.9m, the outer diameter is 5.5m
and the length of each is 4.4km. The tunnels have been excavated
with two earth pressure balance shields and are reinforced with a
30cm thick segmental lining of fiber reinforced concrete; only some
segments (eg around the connection of the crosspassage to the
running tunnels) are made of rebar reinforced concrete.

Typical floor plan dimensions of the stations are 62x 18m (length
x width), three stations out of a total of five are 24m deep, the
remaining two are 17m deep.

The stations are built in an open pit, inside their supporting
structures, which during construction had the function of securing
the pit against ground pressure and groundwater pressure and were
also designed to withstand the surcharge load of the area with the
surrounding buildings, including crane loads when lifting earth
pressure balance shields from bottom of the shaft (Fig. 3).

Direction of construction of running tunnels, resp. the direction of
excavations using earth pressure balance shields is shown in Fig. 4.
The stations were excavated in advance before the passage of the
earth pressure balance shields. The excavation took place first from
the Enghave Brygge shaft to the south. As soon as the earth pressure
balance shields reached the destination shaft at Ny Ellebjerg, the
gantries-trailer was disconnected, the shields were dismantled, lifted
from the bottom of the shaft and transported back to the starting
shaft at Enghave Brygge/Orstedsvaerket. Here the shields were
reassembled and lowered into the shaft, from where they continued
to excavate in the opposite direction to the end shaft in Havneholmen.

The penetration into the target shaft in Havneholmen was unique
in that the earth pressure balance shields proceeded in the excavation
vertically above each other (Fig. 5).

1.4 Geological and hydrogeological conditions

The tunnels are located mainly in Upper Copenhagen Limestone
(UCL), Middle Copenhagen Limestone (MCL) and Bryozoic
Limestone (BZ). Only in the vicinity of the Havneholmen shaft,
where the tunnel route is elevated, the tunnel profile partially
penetrated the covering Quaternary sediments (Fig. 6).

The design geotechnical parameters were interpreted on the basis
of the results of engineering geological survey along the tunnel
route. The strength of Copenhagen limestones usually increases
with increasing depth and at the same time their permeability
decreases. The basic geotechnical parameters are summarized in
the following table. 1.

. - Efektivni smykova pevnost
Typ Objemova tiha " - . Tab. 1 Geotechnical parameters [1]
vépence y [kN/m?] soudrznost uhgl vpltrnﬂm
c'[kPa] treni @'[°] ) . Effective shear strength
ucL 18,0-25,5 70-190 45-53 Limestone |~ Bulk densalty cohesion internal friction
type y [kN/m?] ; s
MCL 18,0-25,5 70-190 45-53 c¢'[kPa] angle ¢'[°]
BZ 18,0-25,5 70-150 45-51 UCL 18,0-25,5 70-190 45-53
MCL 18,0-25,5 70-190 45-53
Kodariisky vapenec lze popsat jako hlinity az piscity, svétle Sedy BZ 18,0-25,5 70-150 45-51

véapenec s vysokym obsahem pazourkil. Obsah pazourkl byl nej-
vyssi v takzvané ,,Carlsberg fault”, poruchové z6né nachazejici se
na rozhrani mezi kodanskym (UCL, MCL) a bryozoickym vapen-
cem (BZ). Pazourky jsou zpravidla abrazivnéj$i neZ vapenec a pfi
razbé zeminovymi $tity maji za nasledek vyssi opotfebeni feznych
nastroju. Postup zeminovych §titl poruchovou zénou byl ovlivnén
ménicimi se geotechnickymi a hydrogeologickymi podminkami
a vyZzadoval spolehlivé zapaZeni Celby. Kvili vysokému obsahu

Copenhagen limestone can be described as an silty to sandy, light
gray limestone with a high flint content. Flint content was highest in
the so-called “Carlsberg fault”, a fault zone located at the boundary
between Copenhagen (UCL, MCL) and Bryozoic limestone (BZ).
Flint is generally more abrasive than limestone and results in higher
wear on cutting tools when excavated with earth pressure balance
shields. The progress of the earth pressure balance shields through the
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Tuel

LEGENDA LEGEND
UCL svrchni kodarisky vapenec Upper Copenhagen Limestone
MCL stfedni kodarisky vapenec Middle Copenhagen Limestone

LCL spodni kodarisky véapenec Lower Copenhagen Limestone
BZ  bryozoicky vépenec Bryozoan Limestone
QS  ¢tvrtohorni sedimenty Quaternary Sediments

fault zone was influenced by changing
geotechnical and hydrogeological
conditions and required a reliable face

Obr. 6 Konceptudlni geologicky model
Fig. 6 Conceptual geological model

pazourki v poruchové z6n€ byla nutn kontrola a vyména feznych
nastroji v hyperbarickych podminkach [1].

2. SOUBEH PROJEKTU A VYSTAVBY

HOCHTIEF vyuzil svych zkuSenosti z pfedchazejiciho projektu
,.Branch off to Nordhavn* a rozhodl se rozd€lit odpovédnost za pro-
jekt jednotlivym projektantim a koordinovat projektovou piipravu
mezi projektanty prostfednictvim sdruzeni (T3L). Hlavni Casti pro-
jektu byly:

¢ konstruk¢ni navrh;

* vybaveni a elektroinstalace (M&E);

e architektonicka Cast.

Koordinac¢ni tym sdruZeni byl kapacitné navrzen tak, aby dostatec-
né pokryl objem projekénich praci. Naproti tomu pocet subjektti pro-
jektujicich stanice byl minimalizovan tak, aby byl co mozna nejvice
sniZzen pocet rozhrani mezi riznymi subjekty. JiZ zadavaci podminky
pocitaly se systematickym vyvojem projektové dokumentace a vSeo-
becné vychazely ze zkuSenosti zadavatele s projekty ,,Design&Build*.
Tyto zkuSenosti ukazuji, Ze v€asnd koordinace vSech tcastnikll pro-
jektu je nezbytna a je tak i smluvné zakotvena v prislusnych milnicich
harmonogramu projek¢nich praci a vystavby. Zadavaci podminky na-
vic poskytly i ur¢itou strukturu pro piipravu projektové dokumentace.
V prvni fadé se jednalo o projektovy podklad, ktery byl zékladem pro
vypracovani ,,Preliminary design“ (podklad pro vydani stavebniho
povoleni) a nasledné ,,Detailed design“ (dokumentace pro provedeni
stavby) platny a zdvazny pro vSechny ziicastnéné projektanty.

Pro koordinaci projektanti se konaly pravidelné koordinacni
schiizky, porovnavaly se rizné nazory a zkuSenosti a optimalizoval
se navrh konstrukci. Byly zohlednény zpétné vazby z probihajici vy-
stavby i navazujicich projekcnich oborit M&E a architektury.

Koordinace péti projektantt ze tfi riznych oborli byla sama o sob&
narocnym ukolem, ktery vyZzadoval velké usili a také dostate¢nou
ochotu ke spoluprici ze strany vSech zucastnénych. Komunikace
a spoluprace s vlastnimi projektanty se ukdzala byt mnohdy casové
efektivnéjsi nez s externimi konzultanty, ackoli pfitomnost zastupct
jednotlivych externich projektanti pfimo na stavbé muze byt velmi
pfinosnd a usnadnit tok informaci [2].

3. SOUBEH VYSTAVBY RUZNYCH STAVEBNICH CASTI

Vzhledem k celkové naroénému harmonogramu, ¢etnym rozhra-
nim se subdodavateli a milnikiim pro schvéleni projektové doku-
mentace, se jiz ve fazi zpracovani nabidky intenzivné diskutovalo
se zadavatelem o tom, jak zajistit v€asné dokonceni dila kvili ¢in-
nostem vykondvanym paralelné, jak pii navrhu projektu, tak b€hem
vystavby. Jiz pfi planovani zafizeni staveni$té (plochy na uskladnéni
segmentd, umisténi rubaniny nebo umisténi jerdbtl) byla vénovana
zvlastni pozornost rozmisténi a oddéleni jednotlivych pracovist pro
vystavbu stanic a razeb tunelti. Rovnéz vedeni instalaci, inikovych
schodist a vytaht bylo uspofadano tak, aby se pokud moZno co nej-
vice zabranilo vicendsobnym prelozkam.

e L TR

support. Due to the high content of
flint in the fault zone, it was necessary
to check and replace cutting tools in
hyperbaric conditions [1].

2. CONCURRENCE
OF THE DESIGN
AND CONSTRUCTION

HOCHTIEF used its experience

from the previous project “Branch off

to Nordhavn™ and decided to divide the responsibility for the project

to the individual designers and to coordinate the project preparation

among the designers through the joint venture (T3L). The main parts
of the project were:

e structural design;

¢ mechanical and electrical systems (M&E);

e architecture.

The coordination team of the joint venture was designed in such a
way as to sufficiently cover the volume of design work. In contrast,
the number of subjects designing stations has been minimized so
as to reduce the number of interfaces between different subjects as
much as possible. The tender conditions already provided for the
systematic development of project documentation and were generally
based on the client’s experience with “Design & Build” projects. This
experience shows that timely coordination of all project participants is
essential and is thus contractually anchored in the relevant milestones
of the design and construction schedule. In addition, the tender
conditions provided a certain structure for the preparation of project
documentation. First of all, it was a project basis, which was the basis
for the elaboration of “Preliminary design” (basis for issuing a building
permit) and then “Detailed design” (documentation for construction)
valid and binding for all participating designers.

Regular coordination meetings were held to coordinate the
designers, different opinions and experiences were compared and
the design of the structures was optimized. Feedback from ongoing
construction as well as related M&E and architecture design fields
was taken into account.

Coordinating five designers from three different disciplines was
a challenging task that required a great deal of effort as well as a
sufficient willingness on the part of all involved. Communication
and cooperation with own designers has often proved to be more
time-efficient than with external consultants, although the presence
of representatives of individual external designers on site can be very
beneficial and facilitate the flow of information [2].

zdroj [1] source [1]

3. CONCURRENCE OF CONSTRUCTIONS OF DIFFERENT
OBJECTS

Due to the overall demanding schedule, numerous interfaces
with subcontractors and milestones for the approval of project
documentation, there was intensive discussions with the contracting
authority already in the tender preparation phase on how to ensure
timely completion of work due to parallel activities, both during
project design and construction. Already during the planning of the
construction site (areas for storing segments, placement of muck or
placement of cranes) special attention was paid to the location and
separation of individual workplaces for the construction of stations
and tunnels. The placement of installations, escape stairs and lifts has
also been arranged in such a way as to avoid multiple relocations as
much as possible.
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Obr. 7 Koordinace vystavby stanic a razby tunelii
Fig. 7 Coordination of station construction and tunneling

Pro horizontédlni logistiku a zasobovani zeminovych §titd byla
zvolena viceucelova vozidla (MSV). Diky bezkolejnému provozu
umoznila MSV flexibilni zménu logistickych tras, a to jak v ramci
stanice, kde se mohly vyhnout ,,docasnym prekazkam®, tak i v rimci
zmény provozu skrz tunelové trouby tak, aby bylo mozné vybudovat
napojeni mezi sténami stanic a poslednim prstencem segmentového
osténi (obr. 7). Nicméné nelze pominout, Ze i v ptipad€ pouziti MSV
je nutné zfidit alternativni trasy a odstavisté, vySkové upravit pre-
chody mezi tunely a stanicemi a v pripad¢ potieby regulovat dopra-
vu prostrednictvim rddiového/svételného systému a fidiciho centra.
V ramci celkového postupu praci méla razba tunelt vzdy prednost,
ale vhodnym rozdélenim tsekt betonaZe stén a desek v ramci stanic
se dosdhlo poZadovaného postupu vystavby i téchto konstrukénich
prvkil podle planu. Pro uspésnou koordinaci paralelné provadénych
praci bylo nutné velmi podrobné planovani vSech jednotlivych kroka
a technologickych ndvaznosti, tizka spoluprace a koordinace mezi
tymem tunelafti a tymem vystavby stanic, s dirazem na logistiku
arozhrani mezi tunely a stanicemi [3].

4. ZAVER

Spolecnost HOCHTIEF tspésné dokoncila a predala zadava-
teli projekt ,.Branch off to Nordhavn® a je na nejlepsi cesté také
k uspésnému dokonceni projektu ,.Branch off to Sydhavn®. Na-
vzdory pandemii covid-19 a k vyzvam, s nimiZ se béhem ni fir-
ma potykala, byly razby tratovych tuneli dokonceny vcas, coz
vyznamnég prispélo k uspéSné koordinaci celého projektu. Prace
nyni pokracuji na vnitfnich konstrukcich a stanicich a spolecnost
HOCHTIEEF se t€si na dalsi aspésné dokonceni a otevieni nové lin-
ky podle planu na zacatku roku 2024.

Ing. BARBORA PISOVA, Ph.D., barbora.pisova@hochtief.de,
HOCHTIEF Infrastructure GmbH

Recenzoval Reviewed:
prof. Ing. Matous Hilar, MSc., Ph.D., CEng., MICE
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zdroj [3] source [3]

Multi-service vehicles (MSVs) were chosen for logistics and
supply of earth pressure balance shields. Thanks to the rubber
wheels, MSV enabled a flexible change of logistics routes, both
within the station, where they could avoid “temporary obstacles”,
and within the tunnel adapting to the change of operation so that
it was possible to build a connection between station walls and
the last ring of segmental lining (Fig. 7). However, it should not
be overlooked that even when using MSYV, it is necessary to set up
alternative routes and layby areas, to adjust the elevations of the
transitions between tunnels and stations and, if necessary, to regulate
traffic through the radio / signal system and control center. As part
of the overall progress of the works, the excavation of tunnels was
always a priority, but the appropriate division of the concreting of the
walls and slabs within the stations the required construction progress
of these structural elements was also achieved according to the plan.
The successful coordination of parallel works required very detailed
planning of all individual steps and technological connections and in
close cooperation and coordination between the tunnelers’ team and
the station construction team, with an emphasis on logistics and the
interface between the tunnels and stations [3].

4. CONCLUSION

HOCHTIEF Company has successfully completed and handed
over the “Branch off to Nordhavn” project to the contracting
authority and is also well on its way to successfully completing the
Branch off to Sydhavn” project. Despite the covid-19 pandemic
and the challenges the company faced, the excavation of the running
tunnels was completed on time, which significantly contributed to the
successful coordination of the entire project. Work is now continuing
on the internal structures and stations, and HOCHTIEF Company
looks forward to further successful completion and opening of the
new line as planned in early 2024.

Ing. BARBORA PISOVA, Ph.D., barbora.pisova@hochtief.de,
HOCHTIEF Infrastructure GmbH
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STANICE NOVE DVORY NA NOVE LINCE I.D PRAZSKEHO METRA
NOVE DVORY STATION ON THE NEW LINE 1.D
OF THE PRAGUE METRO

PETR MAKASEK, ALES VEVERKA, MICHAL HNILICKA

ABSTRAKT

Cldnek popisuje technické reseni projektové dokumentace pro provddeéni stavby (PDPS) jednolodni stanice Nové Dvory, kterd je soucdsti
pripravované nové linky praZského metra 1.D. Kviili podminkdm zaddni vyZaduje tato raZend stanice pouZiti jedinecnych konstrukci
a reSeni, jako je napt: spolecny profil jednolodni stanice s eskaldtorovym tunelem, velmi blizkd razba tunelii vétveni trasy 1.D a odstavného
tunelu a v neposledni radé ndvrh pricné kaverny ,,domu“, pro potrebu rozrdzky stanice z pristupového tunelu. Projekt byl proto zpracovdn
pomoci 3D objektového modelovdni véetné 3D modelu geologického prostiedi a 3D vypoctovych modelii.

ABSTRACT

The article describes the technical solution of the project implementation documentation (PDPS) of the single-aisle station Nové Dvory,
which is part of the new line of the Prague metro I.D. Due to the conditions of the assignment, this excavated station requires the use
of unique structures and solutions, such as a combined profile of a single-aisle station with an escalator tunnel, very close excavation
of I.D turnout tunnels and parking track tunnel and last but not least design of transverse cavern (dome) for the excavation start of the
station from the access tunnel. The project was therefore developed using 3D object modeling, including a 3D geological model and 3D

calculation analyses models.

uvob

Pripravné prace na projektu nové linky D prazského metra byly
zahdjeny v ¢ervnu 2019 realizaci inZenyrskogeologického prizkumu
pro prvni tsek I.D1a Pankrac — Olbrachtova. V Cervnu roku 2021
byla podepsdna smlouva s vitézem vefejné zakdzky na realizaci stav-
by tohoto tseku a v dobé psani tohoto ¢lanku se ¢ekd na pravomocné
stavebni povoleni. Do provozu ale musi byt uveden cely usek 1.D1
najednou vcetné ¢asti .D1b, tedy od stanice Pankrac az do stanice
Nové Dvory.

ZAKLADNI POPIS STANICE NOVE DVORY

Jedna se o jednolodni stanici raZzenou Novou rakouskou tunelovaci
metodou (NRTM), kterd bude aZ do doby zprovoznéni tseku 1.D2
Nové Dvory (mimo) — Depo Pisnice stanici konecnou. Soucésti sta-
nice je proto také tunel odstavnych koleji a vyhybna.

INTRODUCTION

Enabling works of the new Prague metro line D project began
in June 2019 with the engineering geological survey for the first
section I.D1a Pankrac — Olbrachtova. In June 2021, a construction
contract was signed with the winner of the public tender for the
construction of this section, and at the time of writing, a valid
building permit is pending. However, the entire section of
1.D1 metro line must be put into operation at once, including
part of [.D1b, i.e., from the Pankrac station to the Nové Dvory
station.

BASIC DESCRIPTION OF NOVE DVORY STATION

It is a mined single-aisle station excavated by the New Austrian
Tunneling Method (NATM), which will serve as the terminal
station until the section I.D2 Nové Dvory (except) — Depot Pisnice
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Obr. 1 Model stanice Nové Dvory
Fig. 1 Nove Dvory Station model




Stanice ma dva eskalatorové tunely sever a jih, které spojuji nastu-
piSté s vestibuly. Stanice je navrZena jako bezbariérova diky vytaho-
vé Sachté umisténé uprostied nastupisté. Celkova vyska nadloZi nad
klenou stanice je 20-24 m. Pro vystavbu stanice je navrZen piistu-
povy a vétraci tunel, ktery bude, mimo cast slouZzici k ventilaci, po
dokonceni vystavby stanice znepristupnén. Soucasti stanice je dale
vétraci Sachta na vétracim tunelu, vétraci Sachta odstavnych koleji
a zdkladni nefekalni jimka. Vyhledové se za stanici pocitad s vétve-
nim linky I.D smérem do Modfan, proto jsou za vyhybnou stanice
navrzZeny tunely vétveni tras, umoZiujici napojeni budoucich trato-
vych tunell timto smérem (obr. 1).

GEOLOGICKE PODMINKY A JEJICH 3D INTERPRETACE

Predkvartérni podklad je v oblasti stanice Nové Dvory tvoren hor-
ninami paleozoika (ordoviku). Razbou budou zastiZena souvrstvi
dobrotivské a liberiské. Obé souvrstvi se dale déli na vrstvy (facie)
tvorené prachovitymi aZ jilovitoprachovitymi, silné slidnatymi stej-
norodymi biidlicemi (dobrotivské a libetiské) a vrstvy tvorené kiemi-
tymi piskovci ¢i kfemenci s vlozkami prachovci flySového charak-
teru (skalecké a fevnické kiemence). Povrch hornin predkvartérniho
podkladu je jen mirné zvIinény a generelné kopiruje povrch terénu.
ZastiZzeny budou horniny od zcela zvétralych az po zdravé a zaroven
byly prizkumnymi pracemi popsany zony s vétSim ¢i mensim vli-
vem tektonickych procest tvofici horniny podrcené az prohnétené.
Mira zvétrani a vliv tektoniky se tak promitly do dalsiho déleni jed-
notlivych stratigrafickych souvrstvi v geotechnickém modelu.

Kvartérni pokryv zahrnuje smés jak jemnych, tak hrubsich kvar-
térnich uloZenin. Celkova ovéfend mocnost pokryvu je prevazné
mezi 1 az 2 m, ojedinéle azZ 3,7 m. Vzhledem k hloubce nivelety
stanice Nové Dvory pod terénem (32-36 m) nebude mit velky vy-
znam a uplatni se pouze v omezené mife pifi hloubeni stavebnich
jam, vstupnich prostor a pri hloubeni Sachet.

Souvisla hladina podzemni vody se vyskytuje v hloubce cca 2,5—
6,5 m pod terénem. Podzemni voda je vazdna na ptipovrchovou zénu
rozvolnénych hornin a na tektonicky porusena pasma nebo linie pri-
béZnych zvodnénych diskontinuit.

Geotechnicky model byl zpracovan pomoci programu Leapfrog
Works verze 2.3 (od firmy Sequent Ltd.), s vyuZitim databaze tucelo-
vé sestavené z dostupnych inZenyrskogeologickych podkladi. Kon-
strukéni prvky modelu predmétnych casti stanice byly do modelu
importovany z 3D modelu stanice z programu Revit (od firmy Auto-
desk Inc.). InZenyrskogeologické informace pouzité v ramci modelo-
vaciho procesu byly poskytnuty objednatelem, dalsi informace byly
ziskany z databaze Ceské geologické sluzby (Geofondu), prazského
Institutu pldnovani a rozvoje (IPR) a z vlastnich archivil. Jako nosny
zdroj informaci pro sestaveni stratigrafie modelu slouZily zav&recné
zpravy z jednotlivych etap inZenyrskogeologického priizkumu, které
byly pro objednatele zpracovany spolecnosti GeoTec-GS, a.s.

Na zékladé reSerSe podkladll s promitnutim navrZzenych podzem-
nich i povrchovych konstrukei stanice byl sestaven geotechnicky 3D
model, ktery zjednoduSujicim zplisobem vystihuje prostorové sou-
vislosti poznaného geologického vyvoje a jeho vliv na mechanické
vlastnosti dotcenych zemin a hornin. Geotechnicky model reprezen-
tovany ucelenymi bloky (geotypy), odliSujicimi se na zakladé spe-
cifickych inZenyrskogeologickych vlastnosti, tak slouZi jako hlavni
a zejména pro cely projekt stanice jednotny podklad pro potfeby na-
vrhu razeb a zpracovéani vypoctovych modelii. Béhem koordinace
projektu je nezanedbatelnym prinosem modelu moZnost generovani
dvojrozmérnych profild v kterémkoli misté zajmové oblasti.

Nicméné, stejné jako jakékoli jiné geologické podklady, je i 3D
model pouze interpretaci z diskrétné rozmisténych bodovych infor-
maci a je tfeba nepodlehnout pocitu, Ze se presné vi, v jakych geolo-
gickych a geotechnickych podminkach se bude razit (obr. 2).
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is put into operation. Therefore, the station also includes a parking
track tunnel and a crossover.

The station has two escalator tunnels north and south, which
connect the platform with the vestibules. The station is designed as
a barrier-free thanks to accessible via an elevator shaft located in
the middle of the platform. The height of the overburden above the
tunnel station arch is 20-24m. An access tunnel and a ventilation
tunnel are designed to accommodate station’s construction.
These tunnels will be made inaccessable except the part used for
ventilation, after the construction of the station will be completed.
The station also includes a ventilation shaft for the ventilation
tunnel, a ventilation shaft for parking track tunnel and a non-
faecal sump. Prospectively, the bifurcation of the I.D line towards
Modrany is planned behind the station, therefore the turnout tunnels
are designed behind the station crossover, enabling the connection
of future running tunnels in this direction (Fig. 1).

GEOLOGICAL CONDITIONS AND THEIR 3D
INTERPRETATION

The pre-Quaternary base in the Nové Dvory station area is
formed by Paleozoic (Ordovician) rocks. Tunnel excavation will
be executed in the “Dobrotivské* and “Liberiské” formations.
Both formations are sub-divided into the layers (facies) formed
by silty to clayey silty, strongly micaceous homogeneous shales
(Dobrotivské and Libenské) and layers formed by siliceous
sandstones or quartzites with siltstone inserts of flysch character
(Skalec a Revnice quartzite). The surface of the pre-Quaternary
rock base is only slightly rough and generally copies the surface
of the terrain. There are expected layers of completely weathered
rock to fresh rock. In addition, zones influenced by tectonic
processes forming crushed to remolded rocks were described
by the investigation works. The degree of weathering and the
influence of tectonics were thus reflected in the further distibution
of individual stratigraphic formations in the geotechnical model.

The Quaternary cover includes a mixture of both fine and
coarse Quaternary deposits. The total verified thickness of the
cover is mostly between 1 and 2m, occasionally up to 3.7m. This
layer had not great importance to Nové Dvory station design,
because of station’s overall depth below the terrain (32-36m).
It will affect the design only in a limited manner, namely in the
design of construction pits, entrance areas and shafts excavation.

A continuous groundwater level is located between 2.5 and
6.5m below the surface. Groundwater is predominantly found in
subsurface zone of loose rocks and in tectonicaly disturbed zones
or in continuously saturated fault zones.

The geotechnical model was developed in the Leapfrog Works
version 2.3 software (from Sequent Ltd.), using a database
purposefully compiled from available engineering geological
data. The structural outlines of the station were imported into the
Leapfrog model from the Revit 3D model of the station (from
Autodesk Inc.). The engineering geological information used in the
modeling process was provided by the client, further information
was obtained from the database of the Czech Geological Survey
(Geofond), the Prague Institute of Planning and Development
(IPR) and from our own archives. The final reports from each
stage of the engineering geological survey, which were prepared
for the client by GeoTec-GS, a.s., were used as the main source of
information for the compilation of the model stratigraphy.

The geotechnical 3D model, which in a simplified way describes
our knowledge on geological development and its impact on
the mechanical properties of the affected soils and rocks, was
created based on above mentioned inputs. The geotechnical
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=20 DH kvartér DH Quaternary sediments

= SP6 silné zvétralé dobrotivské souvrstvi
SP6 heavily weathered Dobrotiv layers

[ SP6+ mirné zvétralé dobrotivské souvrstvi

SP6 + moderately weathered Dobrotiv layers

[ Zlom fault

— SP5 silné zvétralé liberiské souvrstvi
SP5 heavily weathered Liber layers

[ SP5 mirné zvétralé libefiské souvrstvi
SP5 moderately weathered Libef layers

= SP7 navétralé libefiské souvrstvi
SP7 slightly weathered Liben layers

= SP7+ zdravé liberiské souvrstvi
SP7 + fresh Liber layers

= SP11 navétralé dobrotivské souvrstvi
SP11 slightly weathered Dobrotiv layers

[ SP11+ zdravé dobrotivské souvrstvi
SP11 + fresh Dobrotiv layers

Obr. 2 3D geologicky model oblasti stanice
Fig. 2 3D geological model of the station area

POSTUP VYSTAVBY

Technicky ndvrh postupu raZeb byl ovlivnén zejména harmonogra-
mem vystavby, ktery pocital jiz z dokumentace pro stavebni povole-
ni (DSP) pro razbu stanice s dobou dvou let. Zasadnim poZadavkem
je dokonceni razeb v takovém rozsahu, aby mohlo dojit k pfijmu tu-
nelovacich stroji z tratovych tunelil, raZenych ze sméru od stanice
Libus, jejich protaZeni stanici a nasledné pokracovani strojni razby
tratovych tunelti smérem ke stanici Nemocnice Kr¢. Razba stani¢ni
lodi je proto z ditvodu urychleni razby navrzena kombinované pies
eskalatorovy tunel jih, vytahovou Sachtu jih a pomoci pristupového
tunelu. Tunely vétveni tras a tunel odstavnych koleji budou reali-
zovany pres pristupovy a vétraci tunel. Nezdvisle na raZb€ stanice
mohou probihat razby vSech tii Sachet (obr. 3). Pied prijezdem tu-
nelovacich strojii by diky zvolenému postupu razeb mély byt vyra-
Zeny tunely vétveni tras, do kterych jsou stroje prijimany. V té dobé
bude vyraZena také stanice v plné délce i profilu a oba boc¢ni tunely
vyhybny. K plnému vyraZeni vyhybny bude podle ¢asového harmo-
nogramu chybét ¢ast sttedniho vyrubu, nicméné to nebrani protazeni
stroju pres stanici, vyhybnu a jejich dal§imu postupu ve sméru ke
stanici Nemocnice Kr¢.

TECHNICKE RESENI RAZEB

Stanice Nové Dvory je navrzena v celkové razené délce
175,958 m. Na severu navazuje na tratové tunely, na jihu stanice
kon¢i ¢elem vyhybny. Profil stani¢niho tunelu je typicky rozdélen
na bo¢ni tunely a stfedni vyrub, kazdy z téchto dil¢ich vyrubu pak
na kalotu, opéfi, resp. jadro a dno. Nicmén¢ zasadnéjsi z hlediska
postupu vystavby je navrh domu a kiiZeni stanice s eskalatorovym
tunelem jih. Logisticky komplikovand bude i rozrdZka tuneld vét-
veni tras a tunelu odstavnych koleji.

Rozrazka stanice v misté domu

V projektu PDPS byl v misté zausténi vytahové Sachty jih a pristu-
pového tunelu do stani¢ni lodi navrZzen dom, neboli raZend kaverna
orientovana kolmo na osu stanice, kterd slouzi k postupnému rozra-
Zeni stani¢ni lodi do obou stran. Z hlediska realizovatelnosti razeb,

TufHel

model is represented by coherent
blocks (geotypes), differing based
on specific engineering geological
properties. This 3D model serves
as a general and especially for the
entire area as an uniform input
for the excavation design and for
the calculation analyses models.
During the project coordination,
the possibility of generating two-
dimensional profiles in any place of
the area of interest is a significant
benefit of the 3D model.

However, like any other geo-
logical data, the 3D model is only
an interpretation of discretely
distributed point information, and
it is necessary not to fall under
impression that geological and
geotechnical conditions are cleary
defined (Fig. 2).

CONSTRUCTION SEQUENCES

The technical solution of the
excavation sequences was affected
mainly by the construction pro-

gramme, which was already done from the documentation for the
building permit (DSP). Duration of two years was expected for the
station excavation. The completion of the station excavations to
accommodate tunnel boring machines (excavated running tunnels
from the Libu§ station), pulling them through the station and
restarting the excavation towards the Kr¢ Hospital station is the
general requirement in this programme. The construction sequnces
of the station therefore combine access via escalator tunnel south,
the elevator shaft south and via access tunnel to speed up the station
excavation. The turnout tunnels and the parking track tunnel will
be excavated through the access tunnel and throught the ventilation
tunnel. Independently of the station excavation, all three shafts can be
excavated (Fig. 3). Prior to the arrival of the tunnel boring machines,
due to the chosen excavation sequences, turnout tunnels into which
the machines are received should be excavated. At that time, the
station excavation in full length and profile sould be completed too
as well as both side tunnels of the station crossover. According to
the time schedule, a part of the middle excavation will be missing
to completion station crossover, however, this does not prevent the
machines from passing through the station, the crossover and their
further advancing in the direction of the Kr¢ Hospital station.

TECHNICAL SOLUTION OF EXCAVATIONS

The Nové Dvory station total excavation length is 175,958 m. The
station is connected to the running tunnels in the north and to the
station crossover in the south. The excavation profile is typically
divided into the side tunnels and a middle excavation, each of
these partial excavations then on the top heading, bench, resp. core
and invert. However, more challenging in terms of construction is
the design of the dome and the station crossing with the escalator
tunnel south. The sequencing of the turnout tunnels and the parking
track tunnel will also be logistically complicated.

Station excavation sequencing at the dome location

In the PDPS project, a dome was designed at the area where the
elevator shaft south and the access tunnel enter the station. It is a
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Obr. 3 Postup raZeb objektii stanice
Fig. 3 Station construction sequences

zejména dostate¢ného mista pro ndjezdové rampy a jejich pripustné
podélné sklony, budou nejdiive vyrazeny dilci kaloty domu z vyta-
hové Sachty jih a realizovany ztuZujici kotevni vénce nad budouci
razbou kalot stanice do bokd. Nésleduje sestup razbou prvni vyskové
drovné opéfi domu a propojeni pristupového tunelu. Od této faze je
mozné pouZzit vodorovnou dopravu rubaniny a materialu. Z této vys-

LEGENDA LEGEND

razba stanice
station excavation

razba dému
dome excavation

- pristupovy tunel
access tunnel
- stropni Stola
top heading gallery
- vytahova Sachta
elevator shaft

Obr. 4 Model raZeb v misté domu
Fig. 4 Excavation model of the Dome

cavern oriented perpendicular to the station centerline, which serves
toallow tobreak down the station excavation to both sides. Feasibility
of excavation, especially sufficient space for bench ramps and their
permissible longitudinal slopes causes that dome top headings will
be excavated first from the elevator shaft south. Then stiffening
collars above the future excavation of the station top headings to
the sides will be realized. This will be followed by the first bench
excavation decent of the dome and connecting the access tunnel
to the dome. From this stage, it will be possible to use horizontal
transport of the excavated material and building material. From this
bench elevation, an excavation of the station’s top headings (side
tunnels and middle excavation) is designed, as it would no longer
be possible to implement ramps for them after the entire height of
the dome had been excavated. After the excavation of the station top
headings to both sides, the second elevation descent of the dome
bench will be realized. This is followed by regular excavation of
the station by excavation the bench and the bottom, leaving the exit
ramp to the access tunnel in the dome. After a sufficient distance
of the station excavation faces, the bottom of the dome will be
completed (Fig. 4). Prior to the secondary lining construction, a
false primary lining will be built in the dome area and the free
spaces behind the lining will be filled by infill concrete and fly ash
stabilizer.



31. rocnik - €. 1/2022

kové trovné opéii je navrzena rozrazka kalot stanice (bocnich tunelt
a stfedového vyrubu), nebot by k nim jiZ nebylo mozné, po vyraze-
ni celé vySky dému, realizovat té¢Zebni rampy. Po vyrazeni rozrazek
stani¢nich kalot na ob¢ strany bude realizovan druhy vyskovy se-
stup opefi domu. Nésleduje postupné dorozraZeni stanice dobiranim
op¢ti a dna s ponechanim vyjezdové rampy do pristupového tunelu
v dému. Po dostatecném vzdaleni Celeb stani¢nich vyrubt bude do-
razeno dno dému (obr. 4). Pred realizaci sekundarniho osténi bude
v prostoru domu zhotoveno falesné primarni osténi a volné prostory

za nim vyplnény vypliiovym betonem a popilkovym stabilizitem.

KFizeni s eskalatorovym tunelem jih

Eskalatorovy tunel jih je v dasledku pozadavki na piimy vy-
stup z nastupisté stanice a dispozice na povrchu zcela netypicky
zadstén pfimo do klenby stanicni lodi. V misté kfiZeni je navr-
Zen tvar ,,vajicko* (obr. 5), s maximalni vyskou raZeného profilu

N

25,8 m a $itkou 23,3 m. Razba takového profilu je tedy vice nez
komplikovana zejména z divodu geometrie — tunel se v pri¢ném pro-
filu v kfiZeni prudce navysuje a rozsifuje do tvaru vajicka.

V projektu je navrZeno rozrazeni kiiZzeni pomoci stropni Stoly z es-
kalatorového tunelu a postupné dva vyskové sestupy do horni ¢asti
kiiZeni. Hlavnim problémem v tomto misté je sklon eskalatorového
tunelu a rychld zména pficného profilu osténi tunelu. Piihradova vy-
ztuZ musi byt osazena v presnych vzdalenostech, aby bylo mozné
jeji napojeni pri nasledné razbé dalSich dil¢ich vyrubi. Nasleduje
razba bocnich tuneldl stani¢niho tunelu smérem od domu stanice
do oblasti kiizeni a sloZité propojovani horni Casti (sestupy strop-
ni Stoly) a spodni Casti (bocni tunely) pti dobrani kaloty stfedniho
vyrubu. Propojovéni osténi bude velmi komplikované i s ohledem
na nutnost vyztuzeni primarniho osténi pomoci ptihradovych ramu
v kroku po 0,5 m spolu s vy$e zminénou geometrickou proménlivosti

osténi.

Tuel

Station crossing with escalator tunnel south

Due to the requirements for direct exit from the station platform
and the disposition on the surface, the escalator tunnel south enters
to the station atypically directly into the vault. The “egg” shape is
designed at the tunnels crossing (Fig. 5), with a maximum height
of the excavated profile of 25.8m and a width of 23.3m. The
excavation of such a profile is therefore more than complicated,
mainly due to rapid profile increase and due to widening of the
tunnel sides into the egg shape in the intersection.

The construction sequence expects the break down of the
crossing by the ceiling gallery excavated from the escalator tunnel
and two following descents of the gallery to the upper part of
the crossing. The main problem at this point is the slope of the
escalator tunnel and the rapid change in the transverse profile of
the tunnel lining. The lattice girder reinforcement must be installed
at precise position to allow their reconnection to lattice girders
installed during the construction of other partial excavations. This
is followed by the excavation of the station side tunnels in the
direction from the station dome to the crossing area and by the
final connection of the upper part (ceiling gallery descents) and
the lower part (side tunnels) during the excavation of the middle
excavation top heading. The interconnection of the lining will
be very complicated also with regard to the need to reinforce the
primary lining using lattice girders in steps of 0.5m together with
the above-mentioned geometric variability of the lining.

Excavation of turnout tunnels and parking track tunnel
The turnout tunnels and the parking track tunnel will be excavated
from the ventilation tunnel, which will be excavated in the enlarged
profile in the station crossover area. In the part, where the turnout
tunnels and parking track tunnel coinscidence, the right and left
middle tunnels will be excavated and the middle pillars will be
concreted in. This is followed by the excavation of a parking track
tunnels between the pillars and further towards the

ventilation shaft of the parking track tunnel. The right
and left turnout tunnels will be excavated in the end.
After their completion, part of the ventilation tunnel
in crossover area will be filled by fly ash concrete
and re-excavated during crossover constution from
the station (Fig. 6).

SECONDARY LINING DESIGN

Secondary (final) lining of the station is divided
into seven expansion units with a maximum length of
40m using 20mm wide movement joints. Each unit is
further divided into blocks concreted in a steel sliding
mold, separated by a construction joints. The length
of the block (determined in the axis of the tunnel) is
assumed to be 10 to 12m. The reinforcement between
the individual concreting blocks is not continuous
and is terminated by the closing reinforcement
bars in the block, excepting expansion unit No. 2
(crossing with the escalator tunnel south), where the
concreting blocks have interconnected reinforcement
by couplers. The final lining of the station is designed
from concrete C30 /37 — XC1 with a circumferencial
waterproofing membrane. The blocks are divided
into an invert and an upper vault.

The final lining (excepting unit 2) is designed
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Obr. 5 Pricny Fez nejvyssim mistem kiizeni stanice a eskaldtorového tunelu jih

Fig. 5 Cross section of the highest point of crossing the station and escalator tunnel south

variable shape with a minimum thickness 600mm.
Where the escalators are entering to the station, the
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Obr. 6 Pricny rez tunely vétveni tras
Fig. 6 Turnout tunnels cross section

RazZba vétveni tras a tunelu odstavnych koleji

Tunely vétveni tras a tunel odstavnych koleji budou razeny z vét-
raciho tunelu, ktery bude v oblasti vyhybny stanice vyraZzen ve zvét-
Seném profilu. V misté soubéhu tunelu pro odstavné koleje s tunely
vétveni tras budou nejdiive vyrazeny pravy a levy stfedni tunel a bu-
dou vybetonovany stfedové pilife. Nasleduje razba tunelu odstav-
nych koleji mezi pilifi a dile smérem k vétraci Sacht€¢ odstavnych
koleji. Jako posledni budou vyraZeny pravy a levy tunel vétveni tras.
Po jejich dokonceni bude vétraci tunel v misté vyhybny zaplnén
popilkobetonem a preraZen v ramci razby vyhybny stanice smérem
ze stanice (obr. 6).

NAVRH SEKUNDARNIHO OSTENI

Projekt predpokladd déleni sekundarniho (definitivniho) osténi
stanice na sedm dilatacnich celkd o maximalni délce 40 m pomoci
dilatacnich spér §itky 20 mm. Jednotlivé dilatacni celky se dale déli
na bloky betonované v ocelové posuvné formé, oddélené pracovni
sparou. Délka bloku (stanovena v ose tunelu) je predpokladéana 10 az
12 m. Vyztuz mezi jednotlivymi betondznimi bloky neni priibézna
a je ukoncena uzaviraci vyztuzi v bloku, kromé dilatacniho celku 2
(kfiZeni s eskalatorovym tunelem jih), kde maji jednotlivé betonaz-
ni bloky propojenou vyztuz pomoci Sroubovych spojek. Definitivni
osténi stanice je navrzeno z betonu C30/37-XC1 s celoplastovym
hydroizola¢nim souvrstvim a je rozdéleno na spodni klenbu a horni
klenbu.

Definitivni osténi (kromé dilata¢niho celku 2) je navrZeno s horni
klenbou tloustky 600 mm a spodni klenbou proménného tvaru s mi-
nimdlni tlouStkou 600 mm. V misté dsti eskalatorti je spodni klenba
prohloubena. Tvar spodni klenby v dilatacnim celku 4 (dém) je tva-
rové atypicky, vyklenuty ve sméru osy stanice. Vnéjsi rozméry tune-
lového profilu jsou v typickém profilu 21,7 x 14,7 m (Sitka x vyska),
v prohloubeném profilu pak 21,7 x 16,2 m. Definitivni osténi v dila-
ta¢nim celku 2 je navrZeno s tloustkou horni klenby 800 mm. Spodni
klenba je navrZena s minimalni tloustkou 860 mm v nejnizsim profilu
kiizeni (= profil stanice) a 920 mm v nejvyssim profilu kiiZzeni. Vnéjsi
rozméry tunelového profilu jsou v nejniz8§im profilu kiiZeni 22,1 X
14,9 m, v nejvys§im misté kiiZeni potom 22,1 x 24,3 m.

I pro sekundarni osténi plati, Ze geometrie mista kiiZeni stanice
s eskaldtorovym tunelem jih je problematickd a realizace vyztuZi
a betondzi bude extrémné slozita. Tento tsek vyZaduje pouziti aty-
pického bednéni, nejspiSe kombinaci posuvného bednéni typického
profilu stanice s pfidavnym bednénim v nabéhu kiiZeni. Armovani

invert is deepened. The shape of the invert in the expansion unit 4
(dome) is atypical in shape, arched in the direction of the station
axis. The external dimensions of the tunnel profile are in a typical
profile 21.7 x 14.7m (width x height), in the deepened profile
21.7 x 16.2m. The final lining in the expansion unit 2 is designed
with a thickness of the upper vault of 800mm. The invert is
designed with a minimum thickness of 860mm in the smallest
profile (= station profile) and 920mm in the biggest profile. The
external dimensions of the tunnel profile are 22.1 x 14.9m at the
smallest profile and 22.1 x 24.3m at the biggest profile.

Even for the secondary lining, the geometry at the intersection
of the station with the escalator tunnel south is geometrically
problematic and the implementation of reinforcement and
concreting will be extremely complicated. This section requires
the use of atypical formwork, most likely a combination of sliding
formwork of a typical station profile with additional formwork for
upper part of the crossing. Reinforcement will also be atypical,
as the secondary lining is shape-varying due to widening to the
sides and rising upwards. Reinforcement of the lining will thus
be extremely variable (each bar different), in complex shapes
(compound arches), extremely demanding on technological
discipline during reinforcement (the reinforcement load-bearing
arches will be oblique to the reinforcement in upper part of
crossing). For lining capacity reasons, the reinforcement density
is very high (profiles @ 32, @ 40 in several layers). In addition,
in expansion unit No. 2, concreting blocks reinforcement will be
interconnected by couplers.

STATION INFORMATION MODEL

Project work at the Nové Dvory station was carried out in
the form of an information model, the so-called BIM (Building
Information Modeling) method. It is a process of creating,
processing and using information about a building during its
entire life cycle. However, the creation of an information model
during project work is mainly focused on the creation of a detailed
3D model, which is then used to generate project documentation.
In this case, documentation consists mainly of 2D drawings, bill
of quatities and inputs for other disciplines.

The model also served as a basic means of mutual coordination
with the general designer (METROPROJEKT Praha a.s.), who
processed the adjacent construction objects of the station: internal
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bude také atypické, nebot je sekundarni osténi z divodu rozsifovani
do stran a nab¢hu nahoru v fezech tvarové proménné. Betondiska
vyztuz osténi tak bude extrémné variabilni (kazda vlozka jind), ve
slozitych tvarech (sloZené oblouky), extrémné nirocna na technolo-
gickou kazen pii armovani (nosné oblouky vyztuze budou na koso
k vyztuzi nabéhu). Ze statickych divodi je vyztuz navic velmi ob-
jemna (profily @ 32, @ 40 misty ve vice vrstvach). Navic v dilatac-
nim celku 2 bude mezi jednotlivymi betonaZznimi bloky propojena
pomoci Sroubovych spojek.

INFORMACNI MODEL STANICE

Projektové prace na stanici Nové Dvory byly provadény ve formé
informac¢niho modelu, tzv. metodou BIM (Building Information Mo-
delling). Jedna se o proces vytvareni, zpracovani a uzivani informaci
o stavbé béhem celého jejiho Zivotniho cyklu. Vytvoreni informac-
niho modelu béhem projektovych praci je vSak pfevazné zaméteno
na vytvoreni detailniho 3D modelu, ktery nasledné slouZi k vygene-
rovani projektové dokumentace. Ta v tomto pfipadé obnasela hlavné
2D stavebni dokumentaci, vykazy prvki, ploch a kubatur a podklady
pro dalsi profese.

Model zéarovet slouZil jako zékladni prostfedek pro vzdjemnou ko-
ordinaci s generdlnim projektantem (METROPROJEKT Praha a. s.),
ktery zpracovaval navazujici stavebni objekty stanice jako vnitini
konstrukce, objekty vestibull, veskeré technologické vybaveni nebo
inZenyrské sit€. Z tohoto diivodu bylo stéZejni stanovit si s general-
nim projektantem hned v pocatku projekcnich praci pouzité soft-
warové platformy, na kterych bude projekt a jeho koordinace probi-
hat. Program Revit byl pouZit jiz na predchozim tseku metra [.D1a.
V neposledni fad€ byly sjednoceny nezbytné projektové informace
jako troveti detailu modelu, pouzité ,rodiny*, znaceni prvka nebo
soufadnicovy systém. Okrajove byl pro koordinaci pouZity také soft-
ware Naviswork nebo Civil 3D.

Program Revit je pivodné ureny pro modelovani zejména po-
zemnich staveb, pro liniové stavby je tedy obtiznéji vyuZitelny. Vy-
modelovéni raZené stanice navic misty s velmi specifickym tvarem,
v nenulovém podélném sklonu a s mnoha dal§imi navazujicimi kon-
strukcemi bylo komplikované. Nakonec se osvédcil princip vytvore-
ni a upravy 3D kfivek podle os koleji a jejich pfeneseni do 3D pro-
storu Revitu, kde se podle nich vytvofily komponenty specifického
profilu taZené pravé po téchto kiivkach. Nasledné byly prostorové
komponenty domodelovany do poZadovaného tvaru, napf. ofezanim
nebo spojenim s navazujicimi objekty. Pro nékteré piipady, jako je
kiiZeni stanice s eskalatorovym tunelem jih, samotné modelovaci na-
stroje Revitu nestacily a bylo tak nutné pouZit specidlni modelovaci
program Rhinoceros 3D (od firmy Robert McNeel & Associates).

Predmétem informacniho modelu spole¢nosti Mott MacDonald
CZ, spol. s r.o. byla kompletni konstrukce Zelezobetonového defi-
nitivniho osténi stanice, tunelll a Sachet, podrobné popsanych vyse.
Z dtvodu koordinace byly vymodelovany také doCasné konstrukce
stavebnich jam pro vestibuly a strojovnu vzduchotechniky a primar-
ni osténi. Ostatni profese mély vypracovany samostatny informacni
model a probihala s nimi pravidelna koordinace vkladanim jednoho
modelu do druhého. Vzajemné feSeni koliznich a problematickych
mist tak bylo usnadnéno moZnosti prohlédnout si dané misto ve 3D
a pochopit tak 1épe mozZnosti feSeni nesrovnalosti.

Po vyprojektovani a vymodelovani kompletnich ¢asti stanice bylo
pristoupeno k tvorbé samotné vykresové dokumentace z programu
Revit. Je nutné zminit, Ze Casova naroc¢nost dopracovani jednotlivych
generovanych vystupt (pro piipad podzemni liniové stavby) do for-
my kvalitni 2D vykresové dokumentace (napt. doplnéni két, popist,
apod.) je velka. Toto ¢astecné eliminuje automaticka navaznost téch-
to Uprav na model, takZe pri piipadnych zménach v konstrukci dojde
k propsani zmény do souvisejicich vykrest. Automatické prepraco-

Tuel

structures, vestibule structures, all technological equipment
and engineering networks. For this reason, it was essential to
determinefrom the beginning of the design works, the software
platform for the project and its coordination with the general
designer. The Revit program was already used on the previous
section of metro I.D1a. Finally, project information was unified,
such as the model level of detail, which “families”, element
markings or the coordinate system will be used. Naviswork or
Civil 3D software was also partially used for coordination.

The Revit software was originally developed for modeling
of building constructions, so it is more difficult to use it for
line constructions. Modeling of the mined station with a very
specific shape, in a non-zero longitudinal slope and with many
other related adjacent structures proved really challenging.
Creating and modifying of 3D curves along to the track axes and
consequent transferring of these curves to the 3D space of Revit,
where components of a specific profile were drawn along these
curves proved to be effective way forward. Subsequently where
these specific spatial components modeled into the desired shape,
e.g. by trimming or joining with adjacent objects. For some
cases, such as crossing the station with the escalator tunnel south,
Revit’s modeling tools alone were not enough, so it was necessary
to use a special modeling software Rhinoceros 3D (from Robert
McNeel & Associates).

Mott MacDonald CZ information model contains all reinforced
concrete structure comprising of final lining of the station,
tunnels and shafts, described in detail above. For the purpose
of coordination, temporary structures as construction pits for
the vestibules, the air-conditioning machine room and the
primary lining were also modeled. The other disciplines had a
separate information model which was regulary coordinated
by superimposing with our one. The possibility to explore
the structures in 3D significantly simplified colisions and
inconsistencies resolution process.

Once the design process was finished and 3D model of the
structures were completed, set of 2D drawings was developed. It
is necessary to pointed out that the time required to complete the
individualy generated outputs (for the case of the underground
line structure) into the 2D drawing of adequate quality (e.g.
adding of dimensions, annotations, etc.) is enormous. This
complexity is partially eliminated by automatic connection
of these modifications to the model and thus into all related
drawings. Real benefit is automatic updating of the changes in
elements, surfaces or cubatures tables during model changes.
These tables subsequently served as a basis for creating bill of
quantity and estimating construction costs following general
designer methodology.

Developing of the project in line with BIM standards was a
great challenge for the team of designers, especially in the
process of model creation. Designing of the structures in 3D
space is significantly different from the established procedures
for creating 2D documentation. The benefit of developing of a
construction project in the BIM is the prevention of possible
problems during construction and during the entire life of the
construction already in the project phase.

STATIC ANALYSES

The primary lining was analysed by using 2D and 3D calculation
models in Plaxis and Midas GT'S NX. 3D calculations are described
in more detail in a separate article in this issue of Tunel [2].




vani tabulek prvku, ploch nebo kubatur pii téchto zménach modelu
je vyhodou pak zcela jasnou. Tyto tabulky nésledné slouZzily jako
podklad pro tvorbu vykazu vymér a vycisleni nakladi stavby podle
metodiky generalniho projektanta.

Vyuziti tvorby projektu formou BIM bylo pro tym projektantli
velkou vyzvou zejména v procesu tvorby modelu. Zptsob formovani
konstrukei do 3D prostoru je zna¢né€ odlisny od zavedenych postupt
pfi vytvéareni 2D dokumentace. Pfinosem zpracovani projektu stav-
by v rezimu BIM je predchdzeni moZnym problémim prfi vystavbe
a v pribéhu celé Zivotnosti stavby jiZ v projektové fazi.

STATICKE ANALYZY

Vypocet primarniho osténi byl staticky posuzovan pomoci 2D
a 3D vypoctl v programech Plaxis a Midas GTS NX. 3D vypocty
jsou podrobnéji popsany v samostatném ¢lanku v tomto Cisle ¢aso-
pisu Tunel [2].

Vypocty sekundarniho osténi Sachet a tuneld byly provedeny ve
2D a 3D vypoctech programem Autodesk ROBOT Structural Analy-
sis (od firmy Autodesk Inc.).

Pro vypocet jednotlivych dilatacnich celkti byly pouZity tfi typy
modeli:

 prutovy 2D model byl pouzZit na dilatacnich celcich, které maji
prevazné konstantni pricny profil po celé své délce;

* desko-sténovy 3D model s hmotou modelovanou tloustkou de-
sek byl pouzit na dilatacnich celcich s proménnym pfi¢nym pro-
filem po své délce, a tloustkou desek dostate¢né malou tak, aby
bylo moZné ji idealizovat do stfednicové plochy;

* desko-sténovy 3D model s hmotou modelovanou soustavou de-
sek a stén podle konceptu prihradové analogie byl pouzit na di-
latacnich celcich s proménnym priafezem po své délce a tloust-
kou desek dostate¢né vétsi, nez aby bylo mozné ji idealizovat do
stfednicové plochy.

Zelezobetonové konstrukce byly posouzeny na mezni stav Ginos-
nosti a mezni stav pouzitelnosti a to pii kratkodobém a dlouhodobém
pusobeni konstrukce. Komplexnost vypoctovych modelti zahrnujici
definitni osténi a sloZité vnitini nosné konstrukce 1ze demonstrovat
na vypoctovém modelu kfiZeni stanice s eskalatorovym tunelem jih
(obr. 7).

Pro celou oblast stanice Nové Dvory byla zpracovana analyza se-
dani pomoci programu GRPS (vnitrofiremni program Mott MacDo-
nald) a naslednd interpretace poklesové kotliny v programu Surfer
(od firmy Golden Software, obr. 8).
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The shafts and tunnels secondary lining structural analyses
were carried out in 2D and 3D models in the Autodesk ROBOT
Structural Analysis software (from Autodesk Inc.).

Three types of models were used to calculate the individual
expansion units:

e 2D beam elements model was used on sections, which have

a predominantly constant cross-sectional profile along their
entire length;

® 3D shell model with a mass modeled by the plate thickness

was used on sections with a variable cross-section along its
length, and a plate thickness small enough to idealize it by a
median area;

® 3D shell model with applied strut and tie analogy for modelling

mass of the elements was used for sections with variable cross-
section along its length and slab thickness sufficiently larger to
be idealized by a median area.

Reinforced concrete structures were assessed for the ultimate
limit state and the serviceability limit state of short-term and long-
term operation of the structure. The complexity of the analyzed
models, including the final lining and the complex internal load-
bearing structures, can be demonstrated on the complex model of
the crossing the station with the escalator tunnel south (Fig. 7).

For the whole area of the Nové Dvory station, the settlement
analysis was prepared using the GRP8 program (internal Mott
MacDonald) and the following interpretation of the settlement
trough in the Surfer software (from Golden Software) (Fig. 8).
Based on experience, “basic” volume loss values were set at 1%
for healthy rocks, 2.5% for rocks affected by tectonics and 0.4%
for running tunnels excavated by tunnel boring machines. The
resulting shapes and magnitude of the settlement trough were
further correlated with the results of numerical analyses of the
excavations.

CONCLUSION

The Nové Dvory station project, with its design complexity,
required new approach in many aspects. Object 3D modeling in
Revit and the BIM approach were used in the coordination of
individual disciplines. Complex structures required demanding
3D numerical models both for the analysis of excavations and the
design of the primary lining, as well as for the assessment of the

Na zékladé zkuSenosti byly stano-
veny ,,zdkladni“ hodnoty objemové
ztraty (Volume Loss) 1 % pro zdravé
horniny, 2,5 % pro horniny postizené
tektonikou a 0,4 % pro tratové tunely
razené tunelovacimi stroji. Vysledné
tvary a velikosti poklesové kotliny
byly jesté korelovany s vysledky nu-
merickych analyz razeb.
ZAVER

Projekt stanice Nové Dvory svoji
slozitosti navrhu vyzadoval v mnoha
ohledech nové pristupy. Bylo pouZi-
to objektové 3D modelovini v pro-
gramu Revit a BIM pfistup v koor-
dinaci jednotlivych profesi. Slozité

konstrukce vyzadovaly naro¢né 3D
numerické modely jak pro analyzu

razeb a navrh primarniho osténi, tak

i pro vypocet sekundarniho osténi.

Obr. 7 Ax trie 3D

delu dilatacniho celku ¢. 2 pro vypocet definitivnich konstrukci
Fig. 7 Axonometric 3D model of expansion unit No. 2 for structural analyses
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Obr. 8 Situace predpoklddanych poklesii od raZby
Fig. 8 Situation of expected settlements induced by excavation

Zaroven byl tento pfistup u sloZitych konstrukci vyrazné casové na-
roCny a nardzel také na mantinely vykonu vypocetni techniky.

Stejné jako byl nutny nadstandardni pfistup v rdmci projektové
pfipravy, bude tfeba nadstandardni piistup vSech zainteresovanych
subjektt také v ramci realizace tak sloZité konstrukce, jakou stanice
Nové Dvory bezpochyby je.
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secondary lining. Adopted approach was especially for complex
structure significantly time-consuming and ran also into the limits
of the computer hardware.

An extra care has been taken in the Nove Dvory project design
phase, and it will require no lesser level of care from all involved
parties in the construction phase of such a complex structure as
Nove dvory station undoubtably is.
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STANICE NOVE DVORY - STATICKY NAVRH PRIMARNIHO OSTENI
) POUZITIM 3D VYPOCTU
NOVE DVORY STATION — STRUCTURAL DESIGN FOR PRIMARY
LINING USING 3D COMPUTATION

KATARINA SOBOLOVA, VEROSLAV HRUBY

ABSTRAKT

Tento cldnek se zabyvd problematikou statického ndvrhu primdrniho osténi &dsti stanice Nové Dvory za pomoci prostorového numerického
modelu. Jednolodni stanice Nové Dvory je soucdsti aktudlné pripravované trasy 1.D praZského metra. Vzhledem ke sloZité geometrii
stanice Nové Dvory a komplikovanym vztahiim s prilehlymi konstrukcemi se volba prostorového modelu ukdzala jako nezbytnd nejen
pro hospoddrny ndvrh primdrniho osténi, ale i pro optimdlni a vhodnou volbu postupu razby stanice (na zdkladé informaci dostupnych
v dob¢& vypracovdni projektu). Ddle jsou predstaveny predpoklddané geologické podminky, jejich interpretace a je prezentovdna pouZitd
metodologie vypoctu primdrniho osténi.

ABSTRACT

This paper deals with the issue of the structural design for the primary lining of parts of the Nové Dvory station using a spatial numerical
model. The Nové Dvory single-vault station is part of the currently planned I.D line of the Prague metro. With respect to the complex
geometry of the Nové Dvory station and complicated relationships with adjacent structures, the choice of a spatial model proved to be
necessary not only for the economic design of the primary lining, but also for optimal and appropriate choice of the station excavation
procedure (based on information available at the time of the work on the design). Furthermore, the assumed geological conditions and

their interpretation as well as the methodology used to analyse the primary lining are presented.

uvob

RaZena jednolodni stanice Nové Dvory v ramci planované tra-
sy L.D prazského metra je z pohledu geometrie velmi zajimava.
V podélném fezu ji lze rozdélit na nékolik ¢asti s rozdilnymi pro-
fily, do kterych se napojuji dalsi konstrukce (napft. Sikmé eskala-
torové tunely, vytahova Sachta a dalSi). Tato geometrickd néaroc-
nost a nesourodost vedla k zavéru, Ze pro vyhodnoceni nékterych
¢asti konstrukce nelze vyuzit rovinny model.

KfiZeni stani¢niho tunelu s eskaldtorovym tunelem jih (ETJ)
a razba domu (kaverny kolmé na stanicni tunel pro potfebu roz-
razky stanice) byly vyhodnoceny jako geometricky a stavebné
nejkomplikovanéjsi ¢asti stanice Nové Dvory, kde bylo nutné pfi-
stoupit k vyuziti prostorového numerického modelu.

V pripadé déomu se jedna o typicky problém, ktery bylo nutno
reSit 3D modelem. Konstrukce je vysokd 21,8 m a ze Ctyf stran
jsou k ni napojeny dalsi raZené konstrukce, a to vytahova Sachta
shora, pfistupovy tunel z ¢ela a stani¢ni tunel ze stran.

Také oblast kiiZeni stanice s ETJ vyZaduje komplexni 3D model,
nebot profil kiiZeni v nejvyssim misté dosahuje vysky témér 26 m
a Celba vyrubu je rozdélena na 13 dil¢ich vyrubd, doprovazenych
komplikovanym napojenim vyrubu stanice na stropni Stolu.

Zde vsak nebude uveden popis SirSich souvislosti a postupu vy-
stavby, protoZe tomuto tématu je vénovan samostatny ¢lanek uve-
deny rovnéz v tomto Cisle ¢asopisu Tunel (Makéasek a kol., 2022).

GEOLOGICKE POI\!IERY, GEOTECHNICKY MODEL
A GEOTECHNICKE PARAMETRY

V oblasti stanice Nové Dvory byl firmou GeoTec-GS, a.s., pro-
veden inZenyrskogeologicky prizkum. Na zakladé reSerSe pod-
kladli z prizkumu byl v programu Leapfrog (od firmy Sequent
Limited) zhotoven geotechnicky 3D model. Vyhodou modelu je

INTRODUCTION

The Nové Dvory mined single-vault station within the framework
of the planned I.D line of the Prague metro is very interesting in
terms of geometry. In the longitudinal section, it can be divided into
several parts with different profiles, to which other structures are
connected (e.g. inclined escalator tunnels, a lift shaft and others).
This geometric complexity and inconsistency led to the conclusion
that a planar model could not be used to assess some parts of the
structure.

The crossing of the station tunnel with the escalator tunnel South
(ETS) and the excavation of the dome (a cavern perpendicular to
the station tunnel for the starting point-of-attack to the station) were
evaluated as the most geometrically and structurally complicated
parts of the Nové Dvory station, where it was necessary to use a
spatial numerical model.

In the case of the dome, this is a typical problem which had to
be solved using a 3D model. The 21.8m high structure and other
mined structures are connected to it from four sides, namely a lift
shaft from the top, an access tunnel from the front end and the
station tunnel from the sides.

The area of the crossing of the station with the ETS also requires
a complex 3D model, as the profile of the crossing at the highest
point reaches a height of almost 26m and the excavation face is
divided into 13 partial headings, which are accompanied by
complicated connection of the station excavation to the top heading
gallery.

However, a description of the wider connections and the
construction progress will not be given here, as a separate article is
also devoted to this topic in this issue of TUNEL journal. (Makase
a kol., 2022)
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jeho pouZitelnost v kterémkoli misté zdjmové oblasti. Geotech-
nicky 3D model slouzil jako hlavni prostfedek pro zpracovani
geologického profilu do vypocetnich modeli. Geotechnicky mo-
del zjednoduSenym zplsobem reprezentoval kvazihomogenni
celky predpokladané v oblasti stanice, které se liSily ve speci-
fickych inZenyrskogeologickych a geotechnickych vlastnostech.

Celkova vyska nadlozi nad klenbou stanice je v nejvys$§im mis-
técca2l,5m.

Kvartérni pokryv reprezentuji zeminy znac¢né proménlivého
genetického plvodu (deluvidlni, fluvidlni a deluviofluvidlni).
Celkova ovéfend mocnost kvartérniho pokryvu je pfevazné mezi
1 azZ 2 m, ojedinéle aZ 3,7 m. Zrnitost zemin je misto od mista
velmi proménliva. ZastiZeny byly Cisté jily (tfidy F6 CI), zeminy
piscitojilovité a Stérkovitojilovité (tfidy F4 CS, F2 CG, F3 MS)
i zeminy piscité (tfidy S3 S-F, S4 SM). Nesoudrzné zeminy jsou
stfedné ulehlé, u soudrZznych zemin byla ovéfena konzistence
tuhd, pevnd i tvrda. Pfi povrchu terénu se vyskytuje nesouvisla
vrstva navazek.

Predkvartérni podklad je tvofen horninami paleozoika (ordo-
viku). Razbou budou zastizena souvrstvi dobrotivské a libernské.
Obé souvrstvi se dale déli na vrstvy (facie) tvofené prachovitymi
az jilovitoprachovitymi, siln€ slidnatymi stejnorodymi bfidlicemi
(dobrotivské a libeniské) a vrstvy tvofené kfemitymi piskovci ¢i
kfemenci s vlozkami prachovcu flySového charakteru (skalecké
afevnické). Povrch hornin pfedkvartérniho podkladu je jen mirné
zvlnény a obecné kopiruje povrch terénu. Zastizeny budou horni-
ny od zcela zvétralych aZ po zdravé a zaroveti byly prizkumnymi
pracemi popsdny zény s vétSim ¢i mensim vlivem tektonickych
procest, tvorici horniny podrcené az prohnétené.

Pti stanoveni hodnot geotechnickych parametri jednotlivych
geotypt (kvazihomogennich celkt) bylo po uvaZeni rozhoduji-
cich faktort pfistoupeno ke konzervativni volbé charakteristic-
kych hodnot geotechnickych parametri. Konzervativni pristup
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GEOLOGICAL CONDITIONS, GEOTECHNICAL MODEL
AND GEOTECHNICAL PARAMETERS

An engineering-geological survey was carried out by Geo-
Tec-GS, a.s., in the area of the Nové Dvory station. Based on a
research of source documents of the survey, a geotechnical 3D
model was developed in the Leapfrog program (from Sequent
Limited). The advantage of the model is its applicability to any
area of interest. The geotechnical 3D model served as the main
background for processing the geological profile into a numerical
model. The geotechnical model represented in a simplified
way the quasi-homogeneous units encountered in the area of
the station, which differed in specific engineering geological
properties.

The total height of the overburden above the station reach
approximately 21.5m at the highest point.

The Quaternary cover is represented by soils of highly variable
genetic origin (deluvial, fluvial and deluviofluvial). The verified
total thickness of the Quaternary cover ranges mostly from 1 to
2m, occasionally up to 3.7m. The grain-size composition is very
variable from place to place. Clay (F6 CI), sandy-clay and gravel-
clay soils (F4 CS, F2 CG, F3 MS) and sandy soils (S3 S-F, S4 SM)
were encountered. Cohesionless soils are moderately compacted;
the stiff and solid consistency has been verified for cohesive soils.
At the surface of the terrain there is a discontinuous layer of made
ground.

The pre-Quaternary base is formed by Palaeozoic (Ordovician)
rock types. The excavation will encounter the Dobrotiv and Liberi
Formations. Both formations are further divided into layers (facies)
formed by silty to clayey-silty, heavily micaceous homogeneous
shale (Dobrotiv and Liberi formations) and layers formed by
quartziferous sandstone or quartzite with flysh-character siltsone
inserts (Skalec and Revnice formation). The surface of the rock
forming the pre-Quaternary base is only slightly undulated and

podélny fez razba ¢ast 0.a
longitudinal section part 0.a

LEGENDA LEGEND

1
2 radiélni kotvy (0.b, 0.c) radial anchors (0.b, 0.c)

3 kotveni &toly (0.a) adit anchoring (0.a)

4 mikropilotovy detnik canopy tubes

5 primarni osténi ze stfikaného betonu (0.a) shotcrete primary lining (0.a)
6 zpétny zasyp backfill

7 odbourdni Stoly adit demolition

8 eskalatorovy tunel jih tunnel escalator south

9 zpétny zasyp pro zhotoveni Cela s ETJ backill

10 ztuzujici vénec Cela stiffening collar

podélny fez razba ¢ast 0.b
longitudinal section part 0.b

primarni osténi ze stfikaného betonu (0.b, 0.c) ~ shotcrete primary lining (0.b, 0.c)

podélny fez razba ¢ast 0.c
longitudinal section part 0.c

Obr. 1 Postup razby stropni stoly a pFistropi v oblasti kiizeni s ETJ

Fig. 1 Procedure of excavation of the top heading gallery and the top heading from the area of the crossing with the ETS




byl v pripadé pokryvnych dtvarti obhdjen skutecnosti, Ze vzhle-
dem k jejich omezenému vlivu na navrZzenou konstrukci by volba
odvaznéjsich hodnot neumoZznila vyznamné hospodarnéjsi navrh.
V pripadé hornin skalniho podloZi byl konzervativni pfistup ob-
hijen faktem, Ze vzhledem ke sloZitosti geotechnickych podmi-
hodnot znamenala znac¢né riziko pozdé€jsich vicenakladl na doda-
te¢né opatfeni pro kompenzaci zhorSenych podminek.

TECHNOLOGIE VYSTAVBY

Technologie vystavby stanice Nové Dvory je predpokladana
pomoci Nové rakouské tunelovaci metody (NRTM), jejimZz hlav-
nim znakem je vyuZiti nosné schopnosti horninového masivu. Pr-
votni deformace pred aplikaci primdrniho osténi pfiznivé ovliv-
Huji preskupeni koncentrace napéti v oblasti vyrubu.

Razba kFiZeni s eskalatorovym tunelem jih

Razba stanice v misté kiiZeni s ETJ je navrZena zahdjenim raz-
by stropni Stoly z ETJ smérem do dému. Stropni $tola rozméra
5,4 x 5,8 m klesa z ETJ do stanice v délce 20,6 m a pokracuje déle
do dému v délce 36 m v oblasti kaloty stfedniho vyrubu stani-
ce. Stropni §tola bude razena ve tfech postupnych fazich (obr. 1).
Nejdiive je vyraZzena v délce 10 m (Cast Oa) a je realizovéan prvni
sestup v oblasti kfiZeni (¢4st Ob). Nésleduje razba Stoly dalSich
8 m (Cast Oa) a je realizovan druhy sestup v oblasti kiiZeni (Cast
Oc). Nasledné je Stola (¢ast Oa) dorazena az do dému stanice.

Razba stani¢ni lodi probihd z domu stanice. Do prostoru kii-
Zeni stanice s ETJ prichazi razba stani¢ni lodi ve chvili, kdy je
vyraZzena stropni Stola vcetné dvou sestupl v piistropi. Horni
¢ast vyrubu kiiZeni je tedy vyraZena s predstihem. V misté kii-
Zeni je dodrZena stejnd sekvence pobirdni bo¢nich tuneld, déle-
nd na kalotu, opéfi a dno jako v typickém profilu stanice. Pouze
dochézi k modifikaci (zvétSovani) vyrubu z divodu navySovani
razeného profilu v ktiZzeni s ETJ do tvaru pripominajici vajicko.
V ramci vyrubu stfedni kaloty dochézi k propojovéni jiz vyra-
Zenych casti, tedy sestupl v pfistropi s bo¢nimi tunely stanice
a vysledného tvaru horni klenby stanice v kiiZeni s ETJ. Stanic¢-
ni tunel je do celkového tvaru doraZen jadrem a dnem stfedniho
vyrubu.

Razba domu

V misté asti pfistupového tunelu a vytahové Sachty jih byl pro
ucely razby stani¢ni lodi navrZzen dém. Jedna se o raZeny tunel
délky 25,8 m, o svétlych rozmérech razby 19,52 x 21,8 m (Sitka
x vyska) kolmy na stani¢ni tunel.

Profil domu byl rozdélen celkem na osm dil¢ich ¢asti. Rozra-
Zeni kaloty dému je navrZeno z vytahové Sachty jih postupnymi
dil¢imi vyruby (I, IIa, IIb) po jejichZ vyraZeni budou navrtany
lanové kotvy a realizovany ztuZujici kotevni prahy nad budoucim
rozrazenim stanice do boku. Poté dojde k proraZce stropni §to-
ly stanice, razené z ETJ prostorem kiiZeni stanice (s ETJ) az do
doému. Pokracuje razba opéfi domu (I1la, ITIb), ze kterého je zaha-
jeno rozrazeni kalot stani¢ni lodi do obou stran v typickém profi-
lu stanice. Vzhledem k dostupnosti mechanizace béhem razby je
postup razby (souslednost dil¢ich vyrubti) stani¢ni lodi v tomto
misté upraven tak, Ze budou razeny zarodky vsech tii kalot (boc-
nich tunell a stfedniho dil¢iho vyrubu) na obé strany. Nasleduje
razba opé€fi domu (IVa a IVb), z jejichZ vySkové trovné dochézi
k razbé opéfi a dna dil¢ich vyrubt stanice v typické souslednos-

ti raZeb, tj. bo¢ni tunely a poté stfedni dil¢i vyrub. Po vyraZeni
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generally copies the surface of the terrain. Completely weathered
to fresh rock will be encountered. At the same time, zones more or
less influenced by tectonic processes creating crushed to kneaded
rock were described by the survey.

A conservative choice of characteristic values of geotechnical
parameters was made when determining the values of geotechnical
parameters of individual geotypes (quasi-homogeneous units) after
taking the decisive factors into consideration. The conservative
approach was defended in the case of the cover by the fact
that, given the complexity of geotechnical conditions and the
exactingness of the mined parts of the station, the choice of bolder
values would mean significant risk of subsequent added costs of
additional measures for compensation of worsened conditions.

CONSTRUCTION TECHNIQUE

Application of the New Austrian Tunnelling Method (NATM) is
assumed for the Nové Dvory station construction. Its main feature
is the use of the load-bearing capacity of the rock massif. The
initial deformations before the installation of the primary lining
favourably affect the rearrangement of the stress concentration in
the excavation area.

Excavation of the crossing with the escalator tunnel
South

The excavation of the station at the crossing with the ETS
is designed to start by the excavation of the top heading gallery
from the ETS towards the dome. The top heading gallery with
dimensions of 5.4 x 5.8m descends from the ETS to the station
along the length of 20.6m and continues to the dome along the
length of 36m in the area of the top heading of central excavation
of the station. The top heading gallery will be excavated in three
successive phases (see Fig. 1). First, 10m of gallery full face is
excavated (part Oa), followed by the first descent of the excavation
(part Ob). Excavation of another 8m long section of the gallery (part
0a) follows and the second decent of the excavation cross-section
in the area of the crossing (part Oc) is carried out. Subsegently, the
gallery excavation (part Oa) reaches the station dome.

The station nave is excavated from the station dome. The
excavation of the station comes to the area where the station
crosses the ETS at the moment when the top heading gallery
excavation, including two descents in the top heading, have been
finished. It means that the upper part of the excavation of the
crossing is excavated in advance. The same sequence dividing the
excavation of side wall tunnels as in the typical station profile, i.e.
top heading, bench and invert, is maintained at the crossing point.
There is only a modification (increase) in the excavation volume
due to the enlargement of the mined profile at the crossing with the
ETS into an egg-like shape. Within the excavation of the central
top heading, the already excavated parts, i.e. the descents in the top
heading and the sidewall drifts of the station are connected with
the resulting shape of the upper vault of the station at the crossing
with the ETS. The overall profile of the station tunnel excavation is
completed by the excavation of the bench and invert of the central
excavation.

Dome excavation

At the end of the access tunnel and the lift shaft South, a dome
was designed for the purpose of excavating the station nave. It is a
25.8m long mined tunnel, with net excavation dimensions of 19.52
x 21.8m (width x height), perpendicular to the station tunnel.

The dome profile was divided into a total of eight parts. The
excavation of the dome top heading is designed to start from
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DH - kvartér quarternary sediments

SP6 - silné zvétralé dobrotivské souvrstvi heavily wheatered shales (Dobrotiv unit)
SP6 — navétralé dobrotivské souvrstvi medium wheatered shales (Dobrotiv unit)
SP11 —mimé zvétralé dobrotivské souvrstvi  slightly wheatered shales (Dobrotiv unit)
SP11 - zdravé dobrotivské souvrstvi sound shales (Dobrotiv unit)

the lift shaft South by successive
partial excavations (I, Ia, IIb).
After the excavation, drilling for
strand anchors will be carried out
and stiffening beam will be carried
out above the future excavation of
tunnels to the sides of the station.
Then the top heading gallery of the
station, which will be driven to the
dome from the ETS, through the
area of the station crossing (with
the ETS), will be broken through.
The excavation of the bench of the
dome (IIla, IIIb), from which the
station nave excavation headings
are launched to both sides in a
typical station profile, continues.
With respect to the availability
of mechanical equipment during
the excavation, the excavation
procedure (sequencing of partial
excavation headings) for the station
nave in this location is modified. All
top heading starter drifts (sidewall
tunnels and the central excavation)
will be excavated to both sides. This
is followed by the excavation of the
dome bench (IVa and IVb), from the
height of which the excavation of the
bench and invert of the partial station
excavation headings is carried out
in a typical sequence, i.e. sidewall
drifts and then the central partial
excavation. After completion of
excavation to a sufficient distance

Obr. 2 Geologicky model a profily kiiZeni ETJ s domem
Fig. 2 Geological model and profiles of the crossing the ETS with the dome

dostatecné vzddlenosti smérem do stanice dojde k doraZeni dna
domu (V).

VYPOCETNI MODEL

Staticky vypocet pro primérni osténi byl zpracovéin v souladu
s normou CSN EN 1997-1 Eurokéd 7: Navrhovani geotechnic-
kych konstrukci — Cést 1: Obecné pravidla a CSN EN 1990 —
Zasady navrhovani konstrukci. Vypocet byl proveden na zakladé
navrhového pfistupu 2, pfi jehoZ pouziti se aplikuje dil¢i sou-
Cinitel pouze na zatiZeni. Podle metodologie statickych vypocta
primérniho osténi [1] byl navrhovy pfistup implementovén do vy-
poctu upravou vnitnich sil, pfi jejichZ posouzeni byl pouZit sou-
Cinitel zatiZeni (podle navrhového piistupu 2) a déle soucinitel,
ktery zohlednuje nelinearni chovani materidlovych modeld zemin
a hornin pfi pfechodu z charakteristickych pevnostnich parametra
k pevnostnim parametrim navrhovym.

Vypocet razeb byl proveden metodou konecnych prvkl
v programu Midas GTS NX (od firmy MIDASoft). Tvar terénu
a rozhrani geologickych vrstev (obr. 2) byly do geotechnického
vypoctového modelu importovany z geologického 3D mode-
lu zhotoveného v programu Leapfrog. Samotna geometrie kon-

towards the station, the excavation
of the dome invert (V) will be
completed.

COMPUTATION MODEL

The structural analysis of the primary lining was prepared in
accordance with the standard CSN EN 1997-1 Eurocode 7: Design
of geotechnical structures — Part 1: General rules and CSN EN 1990
— Principles of structural design. The computation was conducted
on the basis of design approach 2, in the use of which the partial
factor is applied only to the loading. According to the methodology
of structural analyses of primary linings [1], the design approach
was applied to the analysis by adjusting internal forces, which were
assessed using the load factor (according to design approach 2) and
a factor that takes into account nonlinear behaviour of soil and rock
material models when the characteristic strength parameters pass
to design strength parameters.

The excavation computation was conducted using the finite
element method in the Midas GTS NX program (from MIDASoft).
The shape of the terrain and the interface between the geological
layers (see Fig. 2) were imported into the computational model
from the geological 3D model carried out in the Leapfrog program.
The geometry of the structures, the sequencing of the excavation
(see Fig. 3, 4) and the excavation support elements were inserted
as a file from the AutoCAD program (from Autodesk) and
were subsequently modified using the tools of the Midas GTS




strukci, Clenéni vyrubu (obr. 3, 4) a prvkl vyztuzeni byla vloZena
jako soubor z programu AutoCAD (od firmy Autodesk) a nasled-
né upravend pomoci nastroji programu Midas GTS NX. Délka
zabé&ru kaloty, opéfi a dna byla zvolena na zdklad€ zatfidéni do
technologickych tfid vyrubu. Jednotlivé vypocetni kroky byly
zvoleny v zéavislosti na navrhovaném postupu sekvencni razby.
Z dtivodu zkraceni doby vypoctu bylo pristoupeno k modelovani
razby stani¢niho tunelu vedouciho z dému na ob¢ strany soubéz-
né.

Geotechnické parametry byly odvozeny na zdkladé predchozich
etap inZenyrskogeologického prizkumu. Pro vrstvu kvartérniho
pokryvu byl pouzit materidlovy model Mohr-Coulomb, ktery de-
finuje materidl jako pruZny, idedlné plasticky bez zpevnéni. Pro
vystihnuti sprdvného chovani hornin predkvartérniho pokryvu
byl zvolen materidlovy model Hoek-Brown. Hodnoty smykovych
a deformacnich parametrtt masivu byly stanoveny pomoci softwaru
RocData 5.0 (od firmy Rocscience). Prolozenim Mohr-Coulombo-
vy obélky poruseni v zdjmovém napjatostnim rozsahu lze odecist
hodnoty smykové pevnosti a deforma¢niho modulu na zakladé
Hoek-Brownova konstitu¢niho vztahu. Deformac¢ni parametry jed-
notlivych vrstev byly dale korelovany s daty z pfedchozich projek-
t, které byly provadény ve srovnatelném geologickém prostredi.
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NX program. The length of the top heading, bench and invert
excavation steps was chosen on the basis of the categorisation into
the excavation support classes. The individual computational steps
were chosen depending on the proposed sequential excavation
procedure. To reduce the computation time, the modelling of the
excavation of the station tunnel leading from the dome to both
sides in parallel was applied.

Geotechnical parameters were derived on the basis of previous
stages of the engineering geological research. The Mohr-Coulomb
material model was used for the Quaternary cover layer, which
defines the material as elastic, perfectly plastic without hardening.
The Hoek-Brown material model was chosen to capture the correct
behaviour of the rock forming the pre-Quaternary cover. The values
of shear and deformation parameters of the massif were determined
using RocData 5.0 software (from Rocscience). By insetting the
Mohr-Coulomb failure envelope in the stress range of interest,
the values of shear strength and strain modulus can be subtracted
based on the Hoek-Brown constitutional relation. The deformation
parameters of individual layers were further correlated with data
from previous projects which were carried out in a comparable
geological environment.

Time, either in connection with the aging of the concrete or the
determination of the appropriate duration of one computation step,

was an important factor in creating

8.4m 6.4m 8.4m

LEGENDA LEGEND
shotcrete primary lining 500mm thick, 2 x mesh, lattice girder

temporary shotcrete rib 300mm thick, 2 x mesh, lattice girder
3 primarni osténi ze stfikaného betonu tl. 200 mm, 2 x KARI sit,
shotcrete primary lining 200mm thick, 1 x mesh

fiber reinforced shotcrete primary lining 200mm thick
radilni kotvy dl. 6 m radial anchors length 6m
radilni kotvy dl. 8 m radial anchors length 8m
radilni kotvy dI. 10 m radial anchors length 10m
radiélni kotvy dl. 4 m radial anchors length 4m

9  radidlni kotvy dl. 3m radial anchors length 3m

10 jehlydl.4 m spiling length 4m

12 kotvy dl. 6 m anchors length 6m

1 primarni osténi ze stfikaného betonu tl. 500 mm, 2 x KARI sit, PVR

2 docasné zebro ze stfikaného betonu tl. 300 mm, 2 x KARI sit, PVR

4 primarni osténi ze stfikaného betonu vyztuzeného viakny tl. 200 mm

11 zajisténi Celby stfikanym betonem tl. 200 mm  face shotcrete 200mm thick

the spatial model. A uniform
duration of the computation step
of eight hours was chosen in the
case of shorter excavation steps
and more complex reinforcement
of the top heading as well as with a
longer excavation step and simpler
reinforcement of the invert.

Aging and change in the stiffness
of shotcrete were introduced into
the computation using the function
of changes in the modulus of
elasticity of the shotcrete with
time. A modified J2 curve (CSN
EN 14487-1: 2006) was chosen for
changes in the strength and modulus
of elasticity of shotcrete during the
initial 24 hours. The course of the
increase in strength and modulus of
elasticity according to Chang and
Stille (1993) was taken into account
for shotcrete older than 24 hours.

Only the following elements of

reinforcement were included in
the computation: primary lining
shotcrete and partial parts of

the excavation, spraying on the
excavation face and radial anchors.
For the reason of reducing the number
of elements, no face bolts and spiling
were taken into consideration in the
computation.

The finite element mesh chosen
for the computation was composed
of general tetrahedrons forming

Obr. 3 KriZeni s ET] - geometrie a prvky vystrojeni

Fig. 3 Crossing with the ETS — g try and el ts of excavation support

four general triangles. For all
volume elements, the network was
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7.1m

21.8m
5.3m

6.3m

3.1m,

19.5m

generated automatically based on
the conditions assigned to the edges
of the individual areas. In order to
achieve a reliable connection, all
shell elements (shotcrete elements)
were modelled by extracting the
mesh from volumetric 3D elements.
The extracted shell elements were
then assigned the corresponding
properties. Radial anchoring was
included in the computation using
1D elements characterised by their
length, cross-section and material
properties.
Crossing with escalator tunnel
South

A total of three models were
created for the area of the crossing
with the ETS. They differed only
in the design for the sequential

LEGENDA LEGEND
1 primarni osténi ze stfikaného betonu tl. 450 mm, 2 x KARI sit, pfilozky
shotcrete primary lining 450mm thick, 2x reinforced mesh, additional rebar
2 primérni osténi ze stfikaného betonu tl. 450 mm, 2 x KARI sit
shotcrete primary lining 450mm thick, 2x reinforced mesh
3 primérni osténi ze stfikaného betonu tl. 600 mm, 2 x KARI sit
shotcrete primary lining 600mm thick, 2x reinforced mesh
radidlni kotvy dl. 10 m radial anchors length 10m
radidini kotvy dl. 12 m radial anchors length 12m
beton vyztuZeny vldkny tl. 150 mm fiber reinforced concrete 150mm thick
ztuzujici kotevny prah ze stfikaného betonu stiffening beam from shotcrete
lanové kotvy dl. 15 m strand anchors length 15m
mikropilotovy destnik dl. 6 m canopy tubes length 6m

© o N oA

excavation procedure (i.e. in the
phasing of the partial headings). In
all models, the designed distance
between the excavation faces of the
closed partial headings (side tunnels
respectively middle excavation) is
the same, namely 20m.

Two geometrically identical mo-
dels were developed to monitor the
appropriate timing of the distances

Obr. 4 Dom - geometrie a prvky vystrojeni
Fig. 4 Dome — geometry and elements of excavation support

Dtlezitym faktorem pfi tvorbé prostorového modelu byl ¢as, ¢i
uz ve spojeni se starnutim betonu nebo pfi stanoveni vhodné dél-
ky trvani jednoho vypocetniho kroku. V piipadé kratSich zabéri
a slozit€jSiho vyztuzeni kaloty v porovnani s del§im zébérem a jed-
nodus8im vyztuZenim dna byla zvolena jednotna délka trvani vy-
pocetniho kroku na osm hodin. Starnuti a zména tuhosti stiikaného
betonu byla do vypoctu vnesena pomoci funkce zavislosti zmény
modulu pruznosti stiikaného betonu na ¢ase. Pro zménu pevnos-
ti a modulu pruznosti stiikaného betonu béhem prvnich 24 hodin
byla zvolena modifikovana kfivka J2 (CSN EN 14487-1:2006). Pro
stitkany beton star$i neZ 24 hodin byl zohlednén pribéh nardstu
pevnosti a modulu pruznosti podle vztahtt Chang a Stille (1993).

Do vypoctu byly zahrnuty pouze tyto prvky vyztuZeni — stiika-
ny beton primarniho osténi a dil¢ich Casti vyrubu, nastfik celby
a radialni kotvy. Z dtvodu zredukovéani po¢tu prvka nebyly ve
vypoctu uvazovany celbové kotvy ani jehly.

Sit kone¢nych prvkl zvolena pro vypocet byla sloZena z obec-
nych Ctyf'stént, které tvofi Ctyfi obecné trojuhelniky. Pro vSech-
ny objemové prvky byla sif generovana automaticky na zakladé
podminek pfidélenych hrandm jednotlivych oblasti. VSechny sko-
fepinové prvky (prvky ze stifikaného betonu) byly modelovany
extrakci sité z objemovych 3D prvki, z divodu dosazeni spo-
lehlivého propojeni. Extrahovanym skofepinovym prvkim byly
nasledné pfifazeny odpovidajici vlastnosti. Radidlni kotveni bylo
do vypoctu zahrnuto pomoci 1D prvkil charakterizovanych svou
délkou, prifezem a materidlovymi vlastnostmi.

between the partial headings. In

the “Model — A” variant, driving

of the partial headings in a shorter

time interval was considered (2m
between the top heading and the bench and 2m between the
bench and the invert), which took into account a more critical
approach to the assessment of the lining from the point of view of
the concrete age in the top heading and subsequently in the tunnel
bench. This model was developed to monitor the behaviour of the
massif and the lining in the case of excavation of partial sections
of excavations with shorter distances between the faces. On the
contrary, the “Model — B” assumed the excavation of the bench
to be carried out only at the time when the concrete of primary
lining reach sufficient strength of the tunnel top heading had been
sufficient (the distance between the faces of the top heading and
the bench was considered to be 8m). The invert of the tunnel was
excavated with the same assumptions (distance of 6m between
bench and invert). After comparing and assessing the models,
“Model — B” was chosen as more advantageous due to the fluency
of the construction work and the lower loading acting on the
lining.

In the initial phase of the design, the excavation of the top
heading gallery (Oa) from the ETS towards the dome was assumed
throughout its length, to be followed by excavation of two
descending excavation steps (Ob and Oc). The excavation of the
station tunnel from the dome would continue further. This procedure
was represented by “Model — A” and “Model — B”, however, during
the course of the work on the project, the procedure was changed as
described above in the Construction Technique chapter, which led
to the development of another model. “Model — C” represented a




KFizeni s eskalatorovym
tunelem jih

Pro oblast kfizeni s ETJ byly vy-
tvoreny celkem tfi modely. Ty se
lisily pouze v navrhu postupu sek-
vencni razby (tj. ve fazovani razeb
dil¢ich vyrubl). Ve vSech modelech
je navrzena vzdalenost mezi Celba-
mi uzavienych dil¢ich vyrubi (boc-
ni tunel, resp. stfedni vyrub) shod-
nd, a to 20 m.

Na sledovani vhodného nacaso-
vani odstupu razeb dil¢ich profila
byly vytvofeny dva geometricky
totozné modely. Ve varianté ,,Model
— A* byla uvazovana razba dil¢ich
Casti vyrubu v kratS§im ¢asovém od-
stupu (2 m mezi kalotou a opéfim
a 2 m mezi opéfim a dnem), ¢imZ
byl zohlednén kriti¢téjsi pfistup
k posouzeni osténi z pohledu stari
betonu v kaloté a nasledné opéfi
tunelu. Tento model byl zhotoven
z divodu sledovani chovani masi-
vu a osténi v pripadé razby dil¢ich
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Obr. 5 KiiZeni s ETJ - celkové deformace
Fig. 5 Crossing with the ETS - total deformations
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pokladal razbu opéfi aZz v dobé, '

kdy beton primérniho osténi kaloty | =TT mmmmemm i n e k
tunelu byl dostate¢né vyzraly (od-
stup Celeb mezi kalotou a opefim
byl uvaZzovan 8 m). Déle nasledo-
vala se stejnymi predpoklady raz-
ba dna tunelu (odstup opéfi a dna
6 m). Po porovnani a zhodnoceni
modelt byl jako vyhodnéjsi zvolen
»Model — B*“ z diavodu plynulosti
stavebnich praci a mensiho zatiZeni
osténi.

Y

Obr. 6 KriZeni s ETJ — napjatost primdrniho osténi
Fig. 6 Crossing with the ETS - state of stress in primary lining
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Dale by pokracovala razba stanic- shell force shell force shell force

force YY, kN/m moment YY, kNm/m shear YZ, kN/m

niho tunelu z dému. Tento postup
reprezentoval ,,Model — A“ a ,,Mo-
del — B*, nicméné v pribéhu pro-
jektu do$lo ke zméné postupu tak,
jak bylo popsano vySe v kapito-
le technologie vystavby, coZz vedlo ke vzniku dal§iho modelu.
»Model — C* reprezentoval novy postup razeb a odstup dil¢ich
celeb 8 m mezi kalotou a opéfim a nasledné 6 m mezi opéfim
a dnem.

Obr. 7 KriZeni s ET] - vnitini sily
Fig. 7 Crossing with ETS - internal forces

new excavation procedure and a distance between partial headings
of 8m between the top heading and the bench and then 6m between
the top bench and the invert.

An example of the outputs from the computational analysis of the
Ukézka vystuptl z vypocetni analyzy kiiZeni s eskalatorovym crossing with the escalator tunnel South is presented in Fig. 5 to 7.
tunelem jih je zobrazena na obr. 5 az 7.

Dom

Jednim z milnik pfi tvorbé modelu pro dém byl postup zhoto-

veni kaloty. V misté rozrazky kaloty (Ia) z vytahové Sachty jsou

Dome

The process of carrying out the top heading was one of the
milestones in the development of the dome model. In the place of the
point-of-attack to the top heading (Ia) from the lift shaft, the walls
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Obr. 8 Dom - celkové deformace
Fig. 8 Dome — total deformations
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and the bottom of the excavation (Ia)
are supported by fibre reinforced
sprayed concrete. This is followed
by the excavation of the top heading
sides (IIa, IIb). It was assumed that
the shotcrete sides of the central part
(Ia) will be demolished only after
the completion of the excavation of
the entire top heading of the dome.
This approach introduced into the
computation very high concentration
of stresses in the top heading lining
in the area of the connection of the
partial drifts. Based on this finding,
the procedure was modified so that
it assumed the demolition of the
walls of the central part along with
the progress of the excavation of the
sidewall top drifts, which leads to a
reduction in the stress in the lining of
the dome top heading.

As described in the construction
technique chapter, after the entire top
heading (Ia, Ila, IIb) and parts of the
dome bench (Illa, IIIb) excavation is

24% 4 212904003
1 g :/:—4.89206e+003
55711384000

9% 6 2502064003

finished, the station nave excavation
follows through tunnel stubs to both
sides in a typical station profile. At
L{ the point of the connection of these

structures, there was an increase
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Obr. 9 Dom — napjatost primdrniho osténi
Fig. 9 Dome - state of stress in primary lining

in tensile stress in the area of the
dome top heading, which could not
be transferred only by the primary

N T
(et | !
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normalova sila moment
v osténi YY, kN/m v osténi YY, kNm/m
shell force shell force
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lining and radial anchors. Therefore,
as an additional measure, stiffening
beam together with strand anchors
is proposed on both sides above
the future excavation of the station
tunnel.

Y 3

plE An example of the outputs from
S the computational analysis of the
dome is presented in Fig. 8 to 10.
B CONCLUSION
posouvaiic sila L The use of numerical modelling

v osténi YZ, kN/m
shell force
shear YZ, kN/m

combines information and data from
many sources that are currently

available. The author of the model

Obr. 10 Dém - vnitini sily
Fig. 10 Dome - internal forces

zajistény stény a dno vyrubu (Ia) pomoci nastfiku z dratkobe-
tonu. Dale nasleduje razba boku kaloty (IIa, IIb), pficemz bylo
predpokladano, Ze stény stfedni ¢asti (Ia) budou ubourany az po
vyrazeni celé kaloty dému. Tento pfistup vnasel do vypoctu vel-
mi vysokou koncentraci napéti v osténi kaloty v oblasti napoje-
ni dil¢ich vyrubl. Na zdkladé tohoto zjisténi byl postup upraven
tak, Ze predpoklada ubourani stén stfedni Casti spolu s postupem
razby bocnich kalot, coz vede k redukci napéti v osténi kaloty
domu.

should accept certain assumptions,

such as the interpretation of the

geological conditions in the parti-
cular area and possible further simplifications, which should
guarantee a reasonable agreement of the numerical model with the
assumed reality.

This article also shows the predicted development of deformations
of the resultant design of both described areas (see Fig. 11, 12).
With respect to the current development of the new metro line
I.D and its transition from the design phase to the construction
phase, it will certainly be interesting and beneficial to compare the
results of the computations with the real response of the massif

behaviour.




Jak bylo popsano v kapitole techno-
logie vystavby po vyraZeni celé kalo-
ty (Ia, Ila, IIb) a Casti opéfi domu (I1la,
IIIb), nasleduje rozraZeni stani¢ni lodi
do obou stran v typickém profilu stani-
ce. V misté napojeni téchto konstrukci
doslo v oblasti kaloty domu ke zvySeni
tahového namadhani, které nebylo moz-
né prenést pouze primarnim osténim
a radidlnimi kotvami. Proto je zde jako
dodatecné opatfeni navrZzen kotevni
prah spolu s lanovymi kotvami pfi obou
strandch nad budouci razbou stani¢niho
tunelu.

Ukédzka vystupll z vypocetni analyzy
dému je zobrazena na obr. 8 az 10.
ZAVER

Vyuziti  numerického  modelovéni
v sobé slucuje informace a data z mnoha
zdrojt, které jsou v dany okamzik k dis-
pozici. Zhotovitel modelu by mél prijmout
urcité predpoklady, napf. interpretace geo-
logickych podminek dané oblasti a pii-
padna dalsi zjednodus$eni, ktera by méla
zaruCit pfiméfenou shodu numerického
modelu s predpokladanou skute¢nosti.

V tomto ¢lanku je rovnéz ukdzan predi-
kovany (obr. 11, 12) vyvoj deformaci vy-
sledného navrhu obou popisovanych ob-
lasti. Vzhledem k soucasnému vyvoji na
projektu nové trasy 1.D a jeho prechodu
z projektové faze do faze realizace bude
jisté zajimavé a prosp€Sné porovnani vy-
sledkll vypoctl s readlnou odezvou chové-
ni masivu.
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Obr. 11 KriZeni s ET] — zména deformaci v priubéhu vystavby
Fig. 11 Crossing with the ETS — changes in deformations during construction
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NAVRH HOSINSKEHO A CHOTYCANSKEHO TUNELU S DURAZEM
~ NA BEZPECNOSTNI RESENI
DESIGN OF HOSIN AND CHOTYCANY TUNNEL WITH EMPHASIS
ON SAFETY SOLUTIONS

MICHAL HNILICKA, PETR KUCERA

ABSTRAKT

Cldnek se zabyvd popisem zdkladniho technického FeSeni Hosinského a Chotycanského tunelu na modernizovaném iiseku Nemanice I
— Sevétin IV, Zeleznicniho koridoru mezi Prahou a Ceskymi Bud&jovicemi. Cilem ¢ldnku je poukdzat na bezpecnostni reSeni obou tunelii,
zejména ve vztahu k viniku cestujicich pri vzniku mimorddné uddlosti v tunelu (srdZka vozidel, poZdr, vybuch, zdvaZnd technickd porucha
aj.). Druhd cdst ¢ldanku je vénovdna vyuZiti matematickych modelii k prognoze dynamiky poZdru v prostordch tunelu a simulaci priibéhu
evakuace 0sob.

ABSTRACT

The article deals with the description of the basic technical solution of the Hosin and Chotycany tunnels on the modernized section
Nemanice I — Sevétin IV. railway corridor between Prague and Ceské Budéjovice. The aim of the article is to point out the safety solution
of both tunnels, especially in relation to the evacuation of passengers in the event of an emergency in the tunnel (vehicle collision, fire,
explosion, serious technical failure, etc.). The second part of the article is devoted to the use of mathematical models to predict the
dynamics of fire in the tunnel and to simulate the evacuation of people.

uvob

Usek Nemanice I — Sevétin je posledni ¢asti modernizace IV. Ze-
lezni¢niho koridoru mezi Prahou a Ceskymi Bud&jovicemi (obr. 1).
Délka tseku je zhruba 17 km, a krom& mnoha dalSich objektti ob-
sahuje dvé vyznamné tunelové stavby: Chotycansky tunel délky
4806 m a Hosinsky tunel délky 3120 m. Pro tento usek byla v roce
2011 zpracovdna dokumentace pro tzemni fizeni a po dlouhém
procesu zahrnujicim odvoléni i soudni spory se v roce 2019 konec-
né podafilo ziskat izemni rozhodnuti. Dokumentace pro stavebni
povoleni (DSP) vznikala tedy po 10 letech od zpracovani doku-
mentace pro dzemni rozhodnuti (DUR) a byla odevzdéna na konci
roku 2021, takZe v dobé¢ psani Clanku jesté probihaly intenzivni
projektové préce.

KONCEPCE RESENI DUR

V ramci projektu DUR byla zpracovana studie, ktera porovnavala
nékolik variant obou tunelt. Studie se pfedevsim zabyvala feSenim
tunelu porovnanim dvojice jednokolejnych tunelil a jednoho tunelu
dvoukolejného. Dale fesila koncepci tinikovych cest a srovnavala
varianty vertikdlnich unikti pomoci $achet s horizontalni tinikovou
cestou pomoci paralelni Stoly a kombinace téchto variant. Z tohoto
porovnani vysel jako investi¢né nejvyhodnéjsi navrh obou soused-
nich tuneld v jednotném dvoukolejném provedeni ale s odliSnym
feSenim unikovych cest. ChotyCansky tunel je navrzen se Ctyfmi
vertikdlnimi unikovymi cestami pomoci unikovych Sachet. Oproti
tomu Hosinsky tunel ma unikové cesty feSeny paralelnimi tniko-
vymi Stolami (severni a jizni), které nejsou ve stfedni ¢asti tunelu
vzdjemné propojeny.

V ramci zpracovani dokumentace DSP se projektant snazil re-
agovat na vyvoj v tunelovém stavitelstvi a nové navrhoval pouZiti
v CR jiz provéfené razby pomoci tunelovaciho stroje. Dalsim bo-
dem bylo zjednodu$eni ddrZzby tunelti zménou koncepce obou tu-
nelovych staveb z dvoukolejnych tunelti vZdy na dva jednokolejné
tunely. Toto feSeni by pfineslo také sjednoceni feSeni unikovych

INTRODUCTION

The section Nemanice I — Sevétin is the last part of the
IV. railway corridor modernization between Prague and Ceské
Budéjovice (Fig. 1). The length of the section is about 17km, and in
addition to many other structures it contains two important tunnel
constructions: Choty¢any tunnel 4806m and Hosin tunnel 3120m
long. The documentation for the zoning procedure was prepared
for this section in 2011, and after a long process involving appeals
and litigation, in 2019 a zoning decision was finally obtained.
The building permit documentation (DSP) was therefore created
10 years after the elaboration of the documentation for the zoning
decision (DUR) and was submitted at the end of 2021, so that at
the time of writing the article, intensive project work was still in
progress.

SOLUTION CONCEPT OF ZONING DECISION
DOCUMENTATION

As part of the DUR project, a study was prepared that compared
several variants of both tunnels. The study mainly dealt with a
variant tunnel solution by comparing a pair of single-track tunnels
and one double-track tunnel. It also solved the concept of escape
routes and compared the variants of vertical escape routes using
shafts with the horizontal escape route using parallel galleries and
combinations of these variants. This comparison resulted in the
most investment-friendly design of both neighboring tunnels in a
unified double-track design, but with a different solution of escape
routes. The ChotyCany tunnel is designed with four vertical escape
routes using escape shafts. In contrast, the Hosin tunnel has escape
routes solved by parallel escape galleries (northern and southern),
which are not interconnected in the central part of the tunnel.

As part of the processing of DSP, the designer tried to respond
to developments in tunnel construction and newly proposed to use
tunneling machines, which have already been tested in our country.
Another point was the simplification of tunnel maintenance by
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cest obou tunell, stejné tak jako
navrth na zménu koncepce uniki 1
u Chotycanského tunelu na paralel-
ni tnikovou Stolu a propojeni obou 5 o
vétvi tnikovych $tol Hosinského tu- _
nelu. VSechny tyto navrhy bohuZzel S
narazily na problematiku zaji$téni
souladu dokumentace DSP s plat-
nym tGzemnim rozhodnutim. Z toho

vychézel logicky pozadavek vsech o

zucastnénych na minimalizaci zmén g

oproti piivodnimu feseni DUR [1]. -
P s A

TECHNICKE RESENI DSP

Trafové tunely jsou navrzené jako
dvoukolejné s osovou vzdéalenosti |
koleji 4,2 m pro navrhovou rychlost .
200 km/hod s pevnou jizdni drdhou.
Trasa v obou tunelovych stavbach je N
navrzena vzdy ve dvou protismér-
nych obloucich s prechodnicemi
a mezilehlymi pfimymi dseky. Vys- e
kové jsou obé tunelova dila navrZena "
ve stoupani ve sméru staniceni (od
Ceskych Budgjovic).

Prijezdny priifez tunelii
Ob¢ tunelové stavby jsou navrze- |
ny s jednotnym vnitinim profilem, 4
ktery vychazi ze vzorového listu \
dvoukolejného tunelu pro rychlosti V "B
od 161 do 230 km/h, pevnou jizdni .
dréhu a prevyseni od 0 do 160 mm ¥
[2]. Vnitini rozméry jsou dany klen-
bou tunelového osténi, ktera se skla-
da z obloukll o vnitfnim poloméru
6,2 a 5,8 m, svétld vyska tunelu je
7,75 m nad TK (temenem kolejni-
je 12,21 m. Tento profil je navrZen
tak, Ze osa tunelu odpovida ose os
koleji (nedochdzi zde k odsazeni osy | e
tunelu) a v podélném sméru se piic- |

ny profil tunelu nepiekldpi, dochdzi  Obr. 1 Situace tuneli
pouze ke zmén& tvaru pevné jizdni g 1 Tunnel situation
dréhy v zavislosti na prevyseni koleji
bez zmény vnitiniho usporadani tunelu (chodniky a jejich vyska).
V prubéhu koordinace se zpracovateli technologickych soubo-
ri musely byt oproti feSeni ze vzorového listu vyrazné rozsifeny
chodniky, protoZe do kabelovych tras pod chodnikem je nutné ulo-
zit vedeni pro sd€lovaci a zabezpecovaci techniku, fizeni a monito-
ring tunelu, coZ zahrnuje nejen slaboprouda vedeni, ale také optic-
ké kabely s velkym minimalnim polomérem ohybu, déle suchovod
a predevsim silnoproudé kabely 6 kV pro napéjeni tunelové tech-
nologie a 25 kV pro trakéni vedeni. Silnoprouda kabelova vedeni
museji byt navic od slaboproudych oddé€lena betonovou sténou
tloustky minimalné 300 mm z d@vodu zabranéni ruSeni. Vysled-
kem je roz§ifeni obou chodnik na $ifku 1975 mm na ukor prostoru
pro pevnou jizdni drahu, ktery ma vyslednou Sitku 7670 mm. Tento
prostor je viak dostatedny pro parametry v CR dosud pouZitych
systémi pevné jizdni drahy (obr. 2).

changing the concept of both tunnel constructions from double-
track tunnels to two single-track tunnels. This solution would also
bring unification of the solution of escape routes of both tunnels,
as well as a proposal to change the concept of excape routes at the
Chotycany tunnel to a parallel escape gallery and to connect both
branches of the escape tunnels of the Hosin tunnel. Unfortunately,
all these proposals encountered the issue of ensuring compliance
of the DSP documentation with the valid zoning decision. This was
the basis of the logical requirement of all participants to minimize
changes compared to the original DUR solution [1].

TECHNICAL SOLUTION FOR DSP

The line tunnels are designed as double-track with a track center
distance of 4.2m for a design speed of 200km/h with a ballastless
track. The route in both tunnel structures is always designed in two



31. rocnik - €. 1/2022

Zachranné vyklenky

Standardnim prvkem Zelezni¢nich tunelil jsou zachranné vyklen-
ky umistované vzdy ve dvojicich vstficné na obou stranich tune-
lové trouby ve vzajemnych vzdédlenostech maximdlné 25 m. Tyto
vyklenky slouZi jako zéchranny prostor pro pracovniky pohybu-
jici se v tunelu béhem jeho ddrzby pfi prijezdu vlaku. Vzhledem
k tomu, Ze predpisy spravce tunelu neumoZziuji provadéni tdrzby
pfi rychlostech 200 km/h (jednd se o vysoce rizikovou ¢innost),
udrzba bude provadéna vzdy za urcitého typu vyluky provozu v tu-
nelu (jednokolejna, nickolejnd, omezeni rychlosti prijjezdu na max.
60 km/h). V kombinaci s §itkou volného prostoru na chodnicich
byly v tunelech Hosinsky a Chotycansky tyto zachranné vyklen-
ky na zaklad¢€ projednani s investorem vypustény. Toto rozhodnuti
pfinese vyrazné zjednoduSeni realizace dila, a tim zaroven dsporu
investi¢nich nakladu. Vyklenky jsou v tunelech presto ¢astecné za-
chovany, a to vzhledem k nutnosti umisténi Sachet pro ¢isténi dre-
naze, které jsou rozmistény ve vyklencich ve vzdjemnych vzdale-
nostech maximalné 48 m. Tyto vyklenky pro Sachty ¢isténi drendze
budou po dohodé s investorem provedeny v §itce 2000 mm (rozmér
zachranného vyklenku podle normy) [3].

Sekundarni osténi a izolace

Sekundarni osténi tratovych tuneldl je navrZeno z vyztuZeného
monolitického Zelezobetonu o minimélni tloustce 450 mm. Stan-
dardni délka betonového bloku je 12 m, profil tunelu je podle
zastizenych geologickych podminek navrzen jak na zakladovych
betonovych pasech, tak se spodni klenbou. Ob¢ tunelova dila jsou
opatfena deStnikovym systémem izolace doplnénym bocnimi dre-
nazemi, které jsou osazeny Cisticimi Sachtami a pfi¢nymi svody
napojenymi do stiedové stoky tunelu.

Cast razené &asti Chotycanského tunelu pobliZ vjezdového por-
tdlu se nachazi v navétralych az plné zvétralych ruldch, takze je
navrZena s celoplaStovou uzavienou izolaci pro omezeni trvalého
drendzniho uc¢inku tunelu.

Tuel

opposite curves with transitions and intermediate straight sections.
In terms of vertical alignement, both tunnels are designed in the
ascent in the direction of the stationing (from Ceské Budé&jovice).

Clearance cross-section of tunnels

Both tunnel constructions are designed with a unified internal
profile, which is based on a standard specification of a double-track
tunnel for speeds from 161 to 230km/h, a ballastless track and a
superelevation from 0 to 160mm [2]. The inner dimensions are
given by the vault of the tunnel lining, which consists of arches
with an inner radius of 6.2 and 5.8m, the clear height of the tunnel
is 7.75m above the TR (top of the rail) and the clear width at the
widest point is 12.21m. This profile is designed so that the axis
of the tunnel corresponds to the axis of the track axes (there is
no offset of the tunnel axis) and in the longitudinal direction the
transverse profile of the tunnel does not tilt, only the shape of
the ballastless track changes depending on the superelevation of
the rails without changing the internal arrangement of the tunnel
(sidewalks and their height).

During the practicioners of the
technological units, the sidewalks had to be significantly widened

the coordination with

compared to the solution from the standard specification, because
it was necessary to store lines for communication and safety
technology, tunnel control and monitoring in cable ducts under
the sidewalk, which included not only low-current lines but also
optical cables with large minimum bending radius, as well as dry
water supply and especially heavy-current cables 6kV for powering
tunnel technology and 25kV for traction lines. In addition, heavy-
current cable lines must be separated from weak-current cables by
a concrete wall at least 300mm thick to prevent interference. The
result is the expansion of both sidewalks to a width of 1975mm at
the expense of space for a ballastless track, which has a final width
of 7670mm. However, this space is sufficient for the parameters
of the ballastless track systems used so far in the Czech Republic
(Fig. 2).

Rescue niches

primarni osténi
primary lining

sekundarni osténi — horni klenba
beton C30/37-XA1, 1.450 mm
secondary lining — upper vault
concrete C30/37-XA1, th. 450mm

hydroizolaéni souvrstvi
waterproofing layers

 koleje

pevnd jizdni draha
ballastless track

sekundarni osténi

—pasy
secondary lining

The standard elements of railway
tunnels are rescue niches, always
placed in pairs on both sides of the
tunnel tube at mutual distances of
=y a maximum of 25m. These niches
serve as a rescue space for workers
present in the tunnel during its
maintenance during the train passage.
Due to the fact that the tunnel service
administration regulations do not
allow maintenance to be performed
at speeds of 200km/h (this is a
high-risk  activity), maintenance
will always be performed during a
certain type of traffic closure in the
tunnel (single-track, zerro-track,
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speed limit to max. 60km/h). In
combination with the width of the
free space on the sidewalks, these

stfedova stoka DN 400 mm
central drain DN 400mm

L 2200 | 3735 L 3735
b *

7

rescue niches were eliminated in the
Hosin and Chotycany tunnels based

suchovod . . . .
| drywatersuply | O discussions with the investor.

| 2200
*

J 670/L 12215

670 | This decision will significantly

| 13555

i

) simplify the implementation of

Obr. 2 PFicny Fez tunelu
Fig. 2 Tunnel cross section

the construction, and thus save in-
vestment costs. However, the niches




HOSINSKY TUNEL

Hosinsky tunel ma celkovou délku 3120 m. Z toho je hloube-
ny tunel u vjezdového portilu dlouhy 144 m, raZzeny tunel 2808 m
a hloubeny tunel u vyjezdového portilu 168 m.

Geologické podminky a razba

Tunel prochdzi metamorfovanymi horninami jednotvarné série
moldanubika proterozoického stafi. Prevladajicim typem hornin
jsou castecné migmatitizované, biotitické a sillimanit-biotitické
pararuly aZz migmatity, které nepravidelné obsahuji vlozky ortorul
a aplitd. Pararuly jsou Sedé, jemnozrnné, bile paskované, s promén-
livym sklonem foliace prevazné cca 30° aZ 50° smérem k SV aZ V.
Horniny jsou proménlivé prokiemenélé. Ortoruly jsou Sedé az bé-
lavé, misty nartizovélé, sttedné€ az hrub€ zrnité, silné prokfemenélé.
Horniny jsou velmi pevné a kiehké. Intenzita rozpukéni a stupen
zvétrani je mensi neZ u pararul.

Smérem od vjezdového portdlu az do jedné tfetiny tunelu jsou
tyto horniny pfekryty subhorizontdlné uloZenymi kiidovymi se-
dimenty. Jedna se prevazné o kaolinické piskovce a pestré pra-
chovce a jilovce. Piskovce jsou prevazné béloSedé az nartzovélé,
hrubozrnné az drobné Stércikovité, kiemité, s nedokonale opraco-
vanymi zrny. Jejich tmel (vypli) je pfevazné kaolinicky. Jilovce
jsou pestré (bélavé, Sedé, cihlové Cervené, zelenkavé), velmi ten-
ce vrstevnaté, celistvé, pouze ojedinéle s kostkovitym rozpadem.
Ovérend mocnost kiidovych hornin v trase tunelu je u jizniho vjez-
dového portdlu az 22,0 m. Ve sméru stani¢eni mocnost pomérné
vyrazné klesa a sedimenty postupné vykliiuji smérem k povrchu.

V tseku hloubeného tunelu u vyjezdového portilu jsou meta-
morfované horniny proterozoika prekryty terciérnimi zeminami,
které jsou zastoupeny sedimenty spodni ¢asti mydlovarského sou-
vrstvi neogenniho stafi. Jedna se o subhorizontdlné uloZené a ne-
zpevnéné zeminy, prevazné jilovité s podruznymi vlozkami zemin
piscitych ¢i Stérkovitych. Prevazuji rezavé hnédé, Sedé a zelenkavé
jilovité zeminy, ojedinéle s pfimési pisku.

V ramci razeb jsou navrzeny technologické tfidy vyrubu hori-
zontdlniho ¢lenéni vyrubu od TTV 2, 3 a 4 pro prostiedi navétra-
lych az zdravych pararul a ortorul, a technologické tfidy 5a, 5b do
siln€ az zcela zvétralych pararul.

Bezpecnostni iFeSeni

Unik osob a pfistup zachrannych slozek do tunelu je u Hosinské-
ho tunelu v souladu s DUR fe$en dvéma samostatnymi paralelnimi
Stolami. JiZni Stola ma délku 1364 m a severni délku 1347 m a obé
vzdy vyustuji vedle pfislusného portilu tunelové trouby. Stoly jsou
propojeny s tratovym tunelem celkem Sesti tunelovymi propojkami
ve vzajemnych vzdalenostech 432 az 456 m, do kterych jsou stej-
né jako u Chotycanského tunelu umistény technologické mistnosti
(sd€lovaci mistnost, slaboproudd rozvodna a v propojce ¢. 2 a 5
také trafostanice).

Pii¢ny profil Gnikovych §tol byl oproti DUR navygen, aby umoz-
nil vjezd soucasné techniky IZS (prtjezdny profil 3,5 x 3,5 m pro
standardni vozidla HZS) pri zachovani priichoziho prostoru min.1,0
x 2,25 m pro unik osob mimo tento prijezdny profil. Vzhledem
k tomu, Ze nejsou Stoly mezi sebou propojeny, byly ve Stolach
v misté propojek navrzeny vyhybny umoZziujici vyhnuti dvou pro-
tijedoucich vozidel a na konci Stol (propojky ¢. 3 a 4) umoziuje
koncep¢ni feSeni otoceni vozidla IZS (to¢na ve tvaru ,, T%).

Na portalech tunelu jsou navrzeny zachranné a nastupni plochy
IZS o velikosti 500 m? v souladu s evropskym predpisem TSI [4, 5].

VEtrani unikovych cest a prilehlych technologickych mistnosti je
feSeno pomoci ventilatorti umisténych vzdy v blizkosti portalu kaz-

dé Stoly. ProtoZe portal tunelu a dnikové Stoly usti vZdy do jedné
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are partially preserved in the tunnels, due to the need to place
drainage shafts, which are located in the recesses at a maximum
distance of 48m. These niches for drainage cleaning shafts will be
made in a width of 2000mm (size of the rescue niche according to
the standard [3]) in agreement with the investor.

Secondary lining and waterproofing

The secondary lining of the line tunnels is designed from
reinforced monolithic concrete with a minimum thickness of
450mm. The standard length of the concrete block is 12m,
the tunnel profile is designed according to the encountered
geological conditions on the foundation concrete strips and with
the invert vault. Both tunnel works are equipped with an umbrella
waterproofing system supplemented by side drainages, which are
equipped with cleaning shafts and transverse drains connected to
the central drainage of the tunnel.

Part of the excavated ChotycCany tunnel near the entrance portal is
located in weathered to fully weathered gneisses, so it is designed
with all-round closed waterproofing to limit the permanent drainage
effect of the tunnel.

HOSIN TUNNEL

The Hosin tunnel has a total length of 3120m. Of this, the cut and
cover tunnel at the entrance portal is 144m long, the undergournd
excavated tunnel 2808m and the cut and cover tunnel at the exit
portal 168m.

Geological conditions and excavation

The tunnel passes through metamorphic rocks of the monotonous
Moldanubian series of Proterozoic age. The predominant rock
types are partially migmatized, biotite and sillimanite-biotite
paragneis to migmatites, which irregularly contain orthogneis and
aplite inserts. The paragneis is gray, fine-grained, white banded,
with a variable slope of foliation, mostly about 30 to 50° towards
NE to E. The rocks are variably quartzitized. Orthogneis is gray
to whitish, sometimes pinkish, medium to coarse-grained, strongly
calcified. The rocks are very strong and brittle. The intensity of
cracking and the degree of weathering is lower than in paragneis.

In the direction from the entrance portal to one third of the
tunnel, these rocks are covered by sub-horizontally deposited
Cretaceous sediments. These are mainly kaolin sandstones and
variegated siltstones and claystones. Sandstones are mostly white-
gray to pinkish, coarse-grained to slightly gravelly, siliceous,
with imperfectly worked grains. Their cementation (fill) is mostly
kaolinic. Claystones are variegated (whitish, gray, brick red,
greenish), very thinly layered, solid, only rarely with a cube-like
decay. The verified thickness of the Cretaceous rocks in the tunnel
route is up to 22.0m at the southern entrance portal. In the direction
of the stationing, the thickness decreases quite significantly and the
sediments gradually vanish towards the surface.

In the section of the cut and cover tunnel at the exit portal, the
metamorphic Proterozoic rocks are covered with Tertiary soils,
which are represented by sediments of the lower part of the
Mydlovar Formation of Neogene age. These are subhorizontally
deposited and unconsolidated soils, mostly clayey with secondary
inserts of sandy or gravelly soils. Rusty brown, gray and greenish
clayey soils predominate, occasionally with an admixture of sand.

For the excavations, technological classes of heading and
benching excavation are designed, from TTV 2, 3 and 4 for the
environment of slightly weathered to fresh paragneis and orthogneis,
and technological classes 5a, 5b in heavily to completely weathered
pararules.
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Obr. 3 Schéma vétrdni vinikovych cest Hosinského tunelu
Fig. 3 Scheme of ventilation of escape routes of the Hosin tunnel

portdlové oblasti, kterd se navic nachazi v obou pfipadech v zarezu,
hrozilo by zde v pripadé zakoufeni nasati zneciSténého vzduchu
do unikové cesty. Z tohoto diivodu byly v ramci DSP pro tcely
pozarniho vétrani obé Stoly doplnény objekty osazenymi na teré-
nu, které slouZi pro sdni cerstvého vzduchu mimo portalové oblasti
tunelu (obr. 3). Pata nasdvaciho objektu navazuje na strop inikové
Stoly, kterd je zde nadvySena pro umisténi ventilatori. Ventilatory
jsou navrzeny vzdy dva a zajistuji ,,natlakovani* celé unikové ces-
ty (pfislusné Stoly a vSech tii navazujicich propojek) zabraiujici
v piipadé pozaru vniknuti koufe z tunelové trouby. Pretlakova ko-
mora je pak vytvorena zdvojenim vstupnich dvefi a pficek v por-
talu tnikové Stoly.

CHOTYCANSKY TUNEL

Chotycansky tunel ma celkovou délku 4806 m. Z toho hloubeny
tunel u vjezdového portélu je dlouhy 60 m, razeny tunel 4464 m
a hloubeny tunel u vyjezdového portalu 282 m.

Geologické podminky a razba

Trasa tunelu prochazi metamorfovanymi horninami moldanubi-
ka a hlubinnymi vyvielymi horninami Sevétinského granodioritu.
Pfi vyjezdovém portalu mohou byt v hloubené Casti tunelu zasti-
Zeny i svrchnokiidové sedimenty — horniny klikovského souvrstvi.
Silné tektonické poruseni horninového masivu se zna¢nym hloub-
kovym dosahem zvétrdni velmi nepiiznivé€ ovliviiuje budouci reali-
zaci v prvnim kilometru tunelu, vizaném na pararulovy horninovy
masiv. Hloubkovy dosah zvétrani dosahuje v blizkosti tektonic-
kych poruch az 40 m a lokédln¢€ zasahuje az do urovné projektova-
ného tunelu. V magmatickych horninach Sevétinského granodioritu
jsou podminky razby pfiznivéjsi, nicméné smérem k vyjezdovému
portalu hluboké zvétralinové zony rovnéz zasahuji do trovné tune-
lu, v portalové oblasti pak i hluboko pod jeho poc¢vu.

V ramci razeb je vzhledem k pomérné pestrym geologickym
podminkdm navrZzeno Siroké portfolio horizontdlné ¢lenénych tech-
nologickych tfid vyrubu od TTV 2, 3 a 4 pro horninové prostiedni
rul a granodioritli, po technologické tfidy 5a, 5b a Sc pro silné az
zcela zvétralé horniny a tfidu 6, kterd predpoklada plné predstiho-
vé vytryskani profilu raZzeného tunelu v nejhorSich geologickych
podminkach. Maximalni plocha ¢elby razeného tunelu v TTV 5c je

vvvvv

Bezpecnostni FeSeni

Pro tnik osob z tunelu pfi mimoiadné udalosti jsou v souladu
s feSenim DUR navrZeny &tyfi tinikové cesty, které jsou na tunel
napojeny ve vzdjemnych vzdélenostech od 924 do 996 m. Unikova
cesta prochazi chodbou v technologické komore, kde jsou po obou
stranidch soustfedény technologické mistnosti (2x trafostanice,
mistnost pro sdélovaci zafizeni a slaboproudé rozvodna), dale pro-
pojovaci chodbou a nasledné na povrch ustici Sachtou. Jednotlivé
Sachty maji hloubky 77 m, 44 m, 27 m a 26 m, jejich umisténi na

Safety solutions

Evacuation of persons and access of rescue services to the tunnel
is solved in the Hosin tunnel in accordance with the DUR by
two separate parallel galleries. The south gallery has a length of
1364m and the north length 1347m, and both always exit next to
the relevant portal of the tunnel tube. The galleries are connected
to the line tunnel by a total of six tunnel crosspassages at mutual
distances of 432 to 456m, into which, as in the ChotyCany tunnel,
tunnel technological rooms are located (communication room, low-
voltage substation and in crosspassages 2 and 5 also transformer
stations).

The transverse profile of escape galleries was increased compared
to DUR to allow the entry of current IRS (Integrated Rescue
System) technology (clearance profile 3.5 x 3.5m for standard
firefighting vehicles) while maintaining a walking clearance space
of min. 1.0 x 2.25m for escape of persons outside this clearance
profile. Due to the fact that the galleries are not interconnected,
emergency bays were designed in the galleries in the location of
crosspassages to allow the passage of two oncoming vehicles and
at the end of the galleries (crosspassages no. 3 and 4) a conceptual
solution allows turning the IRS vehicle (T shape turn).

At the portals of the tunnel, rescue and boarding areas of the IRS
with a size of 500m? are designed in accordance with the European
regulation TSI [4, 5].

Ventilation of escape routes and adjacent technological rooms
is solved by means of fans always located near the portal of each
gallery. Because portals of tunnel and escape galleries always exit
into one portal area, which is also in the open cut in both cases,
there would be a risk of polluted air being sucked into the escape
route in case of smoke. For this reason, within the DSP, for the
purposes of fire ventilation, both galleries were supplemented
with objects installed in the field, which serve to suck fresh air
outside the portal area of the tunnel (Fig. 3). The bottom of the
suction building connects to the ceiling of the escape gallery, which
is expanded here for the placement of fans. There are always two
fans designed and they “pressurize” the entire escape route (the
relevant gallery and all three adjoining cross-passages), which
prevents smoke from entering the tunnel in the event of a fire. The
overpressure chamber is then created by doubling the entrance
doors and partition walls in the portal of the escape gallery.

CHOTYCANY TUNNEL

The Chotycany tunnel has a total length of 4806m. Of which
the cut and cover tunnel at the entrance portal is 60m long, the
excavated tunnel 4464m and the cut and cover tunnel at the exit
portal 282m.
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Obr. 4 Schéma tinikovych cest Chotyc¢anského tunelu
Fig. 4 Scheme of escape routes of the Chotycany tunnel

terénu pak ovliviluje délku propojovaci chodby a smér uniku z tu-
nelu, kdy Sachty 1 aZ 3 jsou umistény vpravo ve sméru staniceni
a Sachta €. 4 vlevo (obr. 4).

Sachty Choty&anského tunelu jsou navrZeny s tnikovym scho-
distém a evakuacnim vytahem, ktery podle pozadavku HZS bude
prioritn€ vyuZivan jednotkami HZS pro vedeni poZirniho zasahu.
Vytah byl podle doporuc¢eni HZS doplnén také do Sachet €. 3 a 4,
prestoze jejich hloubka nepfesahuje 30 m a podle normy zde vytah
byt nemusi. VSechny Sachty tak maji stejné dispozicni reSeni.

Na tunelovych portalech a u vystupu ze vSech zachrannych Sa-
chet jsou navrZeny zachranné a nastupni plochy pro slozky IZS
o velikosti 500 m? v souladu s predpisem TSI [4].

VEtrani tnikovych cest a pfilehlych technologickych mistnosti
je feSeno pomoci ventilatorti umisténych v povrchovém unikovém
objektu Sachty. V kazdém objektu jsou navrzeny dva ventilatory,
které ,,tlaci“ Cerstvy vzduch do celé tinikové cesty (schodisté, vy-
tah, spojovaci chodba a technologickd komora), a tim vytvareji pre-
tlak zabrafiujici v pfipad€ poZaru vniknuti koufe z tunelové trouby
do unikové cesty. Z tohoto ditvodu je cela inikova cesta feSena jako
jeden prostor bez dvefi a pouze v povrchovém objektu je dvojici
dvefi vytvorena ,,pretlakova komora“ zajistujici zachovani pretlaku
v tnikové cesté [6].

BEZPECNOSTNI DOKUMENTACE

V ramci zpracovani dokumentace DSP bylo podrobnéji rozpra-
covano pozirnébezpe¢nostni feseni (PBR) obou tuneli z DUR,
kterym se prokazuje splnéni poZadavkl pozarni bezpecnosti stav-
by a jejich technologii. Vzhledem ke specifikiim obou tuneli jsou
podminky hodnoceni bezpecnostniho rizika odli$né od projektova-
ni béZnych pozemnich staveb kvili rychlému rozvoji poZéaru v uza-
vieném tunelovém prostoru a specifickymi podminkami odvétrani.
Vysoka intenzita poZaru a Sifeni zplodin hofeni vyznamné zhorsuji
podminky pro evakuaci a zdsah sloZek IZS, proto byl jako soucast
pozarnébezpecnostniho feSeni zpracovan expertizni posudek, kte-
ry podrobnéji hodnoti evakuaci osob prostfednictvim matematické
simulace (viz dale).

Kromé& samotného PBR byly zpracovany dalsi technické doku-
menty, a to operativné takticka studie, fesici potiebu sil a prostied-
ki slozek IZS pro zabezpeceni zdsahu v tunelu, a analyza rizik,
kterd detailné posuzuje scéndfe mimoradnych udalosti a hodnoti
spolecenskou prijatelnost rizika zvlasté pro prepravované osoby.

Tyto technické zpravy jsou souhrnné nazyvany jako bezpecnost-
ni dokumentace a byly zpracovany pracovniky Fakulty bezpecnost-
niho inZenyrstvi VSB-TUO [7].

MODELOVANI POZARU A EVAKUACE 0SOB

V rdmci zpracovani bezpecnostni dokumentace byla provedena
analyza Sifeni poZaru a zplodin hofeni vlakové soupravy v tunelu.
Tato analyza nasledné slouZila k ovéfeni podminek pro evakuaci

Geological conditions and excavation

The tunnel route passes through metamorphic Moldanubian
rocks, deep igneous rocks of the Sevétin granodiorite. Upper
Cretaceous sediments and rocks of the Klikov Formation can also
be found in the cut and cover part of the tunnel at the exit portal. The
strong tectonic failure zone of the rock massif with a considerable
depth reach has a very negative effect on the future construction in
the first kilometer of the tunnel, connected to the paragneis rock
massif. The depth range of weathering reaches up to 40m in the
vicinity of tectonic faults and locally extends to the level of the
designed tunnel. In the igneous rocks of the Sevétin granodiorite,
the excavation conditions are more favorable, however, towards
the exit portal, the deep weathered zones also extend to the tunnel
level, and in the portal area even well below its base.

Due to the relatively diverse geological conditions, a wide
portfolio of heading and bench technological excavation classes is
proposed, from TTV 2, 3 and 4 for gneiss and granodiorite rocks,
to technological classes 5a, 5b and Sc for heavily to completely
weathered rocks and class 6, which assumes full pre-groutingt of
the excavated tunnel profile in the worst geological conditions. The
maximum face of the excavated tunnel in TTV Sc is 159.8m? with
a excavation width of 15.44m and a height of 13.13m.

Safety solutions

In accordance with the DUR solution, four escape routes have
been designed for the evacuation of people from the tunnel, which
are connected to the tunnel at mutual distances from 924 to 996m.
The escape route passes through a corridor in the technology
chamber, where technology rooms are concentrated on both corridor
sides (2 transformer stations, a room for communication equipment
and a weak-current substation), then a connecting corridor and then
a shaft ending on the surface. The individual shafts have depths of
77m, 44m, 27m and 26m, their location in the terrain then affects
the length of the connecting corridor and the direction of escape
from the tunnel, when shafts 1 to 3 are located on the right in the
direction of stationing and shaft No. 4 on the left (Fig. 4).

The shafts of the ChotyCany tunnel are designed with an
escape staircase and an evacuation elevator, which according to
the requirements of the Fire and Rescue Service will be used as
a priority by IRS corps to conduct fire interventions. According
to the Fire and Rescue Service recommendation, the lift was also
added to shafts No. 3 and 4, although their depth does not exceed
30m and, according to the standard, the lift does not have to be
there. All shafts thus have the same layout solution.

On the tunnel portals and at the exit from all rescue shafts, rescue
and boarding areas are designed for IRS units with a size of 500m?
in accordance with the TSI regulation [4].

Ventilation of escape routes and adjacent technological rooms is
solved by means of fans located in the surface escape object of the
shaft. Two fans are designed in each building, which push” fresh
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osob z horici vlakové soupravy do bezpecného prostoru (chrané-
nych unikovych cest nebo portala tuneld).

Vychozi predpoklacdy pro modelovani

Analyza Sifeni pozaru a zplodin hofeni v obou Zelezni¢nich tune-
lech byla provedena prostfednictvim modelu poZaru a slouzi k ové-
feni podminek pro evakuaci osob z hofici vlakové soupravy (napf.
poZar lokomotivy) do bezpec¢ného prostoru. V ramci modelovani
pozaru byly stanoveny vybrané parametry poZaru jako rychlost
uvolniovani tepla, pribéh viditelnosti v prostoru tunelu nebo pribéh
teplot na vybranych mistech.

Analyza evakuace v prvni ¢asti zjiStuje pohyb osob v poZarem
zasazeném prostoru tunelové trouby. Konkrétné sleduje vystup
osob z vlakové soupravy a jejich pohyb po unikovém chodniku
smérem k zachrannym cestam, popf. tunelovym portalam. Model
ovéiuje, zda unikajici osoby v potfebném Case opusti tunel, tedy
zda evakuace probéhne diive, neZ v prostoru tunelu budou piekro-
¢eny limitni hodnoty pro bezpecnou piitomnost osob. Oproti béz-
nému normovému feSeni bylo provedeno propojeni modelu eva-
kuace s modelem poZaru.

Analyza evakuace v druhé ¢asti ovétuje pohyb osob v bezpecném
prostoru tunelu (Gnikové cesty), ktery modeluje pohyb osob pro-
pojkou a unikovou $tolou u Hosinského tunelu, pfipadné tinikovou
chodbou a nésledné zéchrannou Sachtou u Chotycanského tunelu.
Zde je navic feSena kombinace tniku osob po schodisti a vytahem.
Tento navrh ovéfuje dostatecnou prostorovou kapacitu tinikovych
cest pro soustfedéni vSech osob z vlakové soupravy a stanoveni
predpokladané celkové doby evakuace (opusténi nebezpecného
prostoru tunelu). Unik portdlem tunelu nebyl bran v tvahu, nebot
je z moznych variant iniku povazovan za piiznivéjsi.

Pro posouzeni rozvoje pozaru vlakové soupravy v Zelezni¢nich
tunelech byl pouZit numericky model typu pole Fire Dynamics Si-
mulator. Pro simulaci evakuace byl vyuZzit model Pathfinder, ktery je
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Fig. 5 Person evacuation model
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air into the entire escape route (stairs, elevator, connecting corridor
and technology chamber), thus creating an overpressure preventing
smoke from entering the escape route from the tunnel tube in the
event of a fire. For this reason, the entire escape route is designed
as a single space without a door, and only in the surface object there
is a pair of doors creating an “overpressure chamber” ensuring the
maintenance of overpressure in the escape route [6].

SAFETY DOCUMENTATION

As part of the processing of the DSP documentation, the fire
safety design of both tunnels in DUR was elaborated in more detail,
which proved the fulfillment of the fire safety requirements of the
structure and its technologies. Due to the specifics of both tunnels,
the conditions of the safety risk assessment are different from the
design of common buildings due to the rapid development of a fire
in an enclosed tunnel area and specific ventilation conditions. The
high intensity of the fire and the spread of combustion products
significantly worsen the conditions for evacuation and intervention
of IRS units, therefore, as part of the fire safety design, an expert
report was prepared, which assessed the evacuation of people in
more detail through mathematical simulation (see below).

In addition to the fire safety design itself, other technical
documents were prepared, namely an operational tactical study
addressing the need for forces and resources of IRS units to
ensure intervention in the tunnel, and a risk analysis that assesses
emergency scenarios in detail and assesses the social acceptability
of the risk, especially for passengers.

These technical reports are collectively referred to as safety
documentation and were prepared by employees of the Faculty of
Safety Engineering VSB-TUO [7].

FIRE MODELING AND PERSONS EVACUATION

As part of the processing of the safety documentation, an analysis
of the spread of fire and combustion products of the train set in the
tunnel was performed. This analysis subsequently served to verify
the conditions for the evacuation of people from the burning train
to a safe area (protected escape routes or tunnel portals).

Initial assumptions for modeling

The analysis of the spread of fire and combustion products in
both railway tunnels was performed using a fire model and serves
to verify the conditions for evacuation of people from a burning
train (e.g., locomotive fire) to a safe area. Within the fire modeling,
selected fire parameters were determined, such as the rate of heat
release, the development of visibility in the tunnel area or the
course of temperatures at selected places.

The analysis of the evacuation in the first part determines
the movement of persons in the fire-affected area of the tunnel
tube, specifically the exit of persons from the train set and their
movement along the escape path towards the rescue routes, or
tunnel portals. The model verifies whether the escaping persons
leave the tunnel in the required time, ie whether the evacuation will
take place before the limit values for the safe presence of persons
are exceeded in the tunnel area. In contrast to the usual standard
solution, the connection of the evacuation model with the fire
model was performed.

The evacuation analysis in the second part verifies the movement
of people in the safe area of the tunnel (escape routes), which
models the movement of people through the crosspasage and
escape gallery at the Hosin tunnel, or the escape corridor and
subsequently the rescue shaft at the Chotycany tunnel. In addition,
a combination of escape of people up the stairs and an elevator
is solved here. This proposal verifies the sufficient space capacity




analytickym ndstrojem simulujicim evakuaci osob, jenz pro potiebu
analyzy pozarnich rizik miZe byt propojen s vystupy z modelu poza-
ru. Evakuacni model je velmi uZite¢ny pro navrh bezpecné evakuace,
zejména pro lokalizaci evakuacnich bariér a tvorby front [8, 9].
Navrhové scénare

Pro zpracovani model byly zvoleny nejnepiiznivéjsi navrhové
scénare, kdy dojde k zastaveni hotici vlakové soupravy v blizkosti
jednoho vstupu do dnikové cesty a tim k jeho zablokovani. Osoby
ze zasazené soupravy jsou pak nuceny utikat tunelovou troubou
k dalsi tunikové cesté.

V Hosinském tunelu zastavenim hofici vlakové soupravy v bliz-
kosti jednoho z unikovych vychodu jsou unikajici osoby donuceny
dojit 500 m k nasledujici propojce do unikové Stoly. Zde se jedna
o propojku €. 3, kdy vzdalenost k vychodu ze Stoly jih je 1364 m.

Pro Chotycansky tunel modelové situace uvazuje nejnepiizni-
véj§i variantu uniku 1 km tunelovou troubou a nasledné pres za-
chrannou cestu €. 1, protoZe ma nejen nejvétsi hloubku Sachty (cca
77 m), ale zaroven rovnéZ nejkratsi délku bezpecné propojovaci
chodby pro soustfedéni unikajicich osob (obr. 5).

Nastaveni evakuacniho modelu

Pro simulaci evakuace bylo do modelu zaddno 500 osob (coz
odpovida soupravé s osmi vagony s primérnou obsazenosti cca
63 osob v jednom vagonu). Specifikace osob v modelu byla dana
podle standardniho sloZeni populace — byly zadany vékové skupiny
(od 10 do 85 let), které urcuji rychlost pohybu jednotlivych osob
(0,46-1,54 m/s).

V ramci modelovéani prvni Césti evakuace byla sledovana doba
uniku osob ze zasazené tunelové trouby do prostoru zachranné
chodby a byly sledovany zhorSené podminky do vysky 2 m ve-
douci ke ztraté viditelnosti pro unikajici osoby v tunelu. Hrani¢ni
hodnotou viditelnosti je 5 m, kterd miZe byt nejen pfic¢inou vzni-
ku panikového chovéni, ale také mlZe znesnadnit orientaci osob
a v kone¢ném disledku zpomalit nebo tplné zamezit proces eva-
kuace z ohroZenych prostor.

Druha ¢ast evakuace je zamétena na pohyb osob chranénou tni-
kovou cestou (propojkou a $tolou nebo chodbou a Sachtou) smérem
k vystupu na volné prostranstvi. Model zde plynule navazuje na
unik z tunelu, a kromé toho, v pfipad¢ navrhu Chotycanského tune-
lu, bylo zadano, Ze 70 % osob vyuZije schodisté a zbylych 30 % po-
uZzije vytah. Prostory unikové cesty
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of the escape routes for the concentration of all persons from the
train set and the determination of the expected total evacuation
time (leaving the hazardous area of the tunnel). Verification of the
evacuation through the tunnel portal was not considered, as it is
more favorable of the possible evacuation variants.

A numerical model of the Fire Dynamics Simulator was used to
assess the development of a train set fire in railway tunnels. The
Pathfinder model was used to simulate the evacuation, which is an
analytical tool simulating the evacuation of people, which can be
linked to the outputs of the fire model for the purpose of fire risk
analysis. The evacuation model is very useful for the design of safe
evacuation, especially for the location of evacuation barriers and
the formation of queues [8, 9].

Design scenarios

The most unfavorable design scenarios were chosen for the
processing of the models, when the burning train is stopped near
one of the entrances to the escape route and thus the entrance is
blocked. The people from the affected train are then forced to run
through the tunnel to the next escape route.

In the Hosin tunnel, by stopping a burning train near one of the
escape exits, the escaping persons are forced to walk 500m to the
next crosspassage to the escape gallery. This is the crosspassage No.
3, where the distance to the exit from the gallery south is 1364m.

For the Chotyc¢any tunnel, the model situation considers the most
unfavorable variant of escaping lkm through a tunnel tube and
subsequently through rescue route No. 1, because it has not only
the largest shaft depth (approx. 77m) but also the shortest length of
the safe connection corridor for gathering escaping people (Fig. 5).

Evacuation model settings

To simulate the evacuation, 500 people were entered into the
model (which corresponded to a train with eight wagons with
an average occupancy of about 63 people in one wagon). The
specification of persons in the model was given according to the
standard composition of the population — different age groups
(from 10 to 85 years) were entered, which determine the speed of
movement of individual persons (0.46—1.54m/s).

As part of the modeling of the first part of the evacuation, the time
of escape of persons from the affected tunnel tube into the area of the
rescue corridor was monitored and deteriorated conditions up to a

jsou samostatnym poZarnim usekem
vybavenym pretlakovym vétranim
takZe tento prostor je vhodny pro
pfipadné soustfedéni osob a nasled-
ny postupny tnik zéchrannou Stolou
nebo Sachtou.

Vystupy modelil a prava
usporadani unikovych cest

V pribéhu evakuace se postup-
né zhorSuji podminky pro unikajici
osoby, a tim dochdazi k naristu poctu
osob ohroZenych sniZzenou viditel-
nosti v modelovaném useku.

Hosinsky tunel

Celkova doba evakuace osob z vla-
kové soupravy pro nejneptiznivéjsi
modelovou situaci v Hosinském tu-

Exited 0300

nelu vychazi na cca 67 minut.
Prichod osob z tunelové trouby do

Obr. 6 Priibéh evakuace pres tinikovou $tolu v Hosinském tunelu
Fig. 6 The course of evacuation through the escape gallery in the Hosin tunnel
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Obr. 7 Kumulace osob pred vstupem do tinikové cesty v Chotycanském tunelu

Fig. 7 Cumulation of persons before entering the escape route in the Choty¢any tunnel

chranéné unikové cesty je plynuly a béhem celé evakuace nedochézi
ke kumulaci osob pred vstupem do tunelové propojky (obr. 6). Vlast-
ni prostor zachranné Stoly je navic u tunelovych propojek rozsiten,
coz dovoluje nejen lepsi piipravu jednotek HZS na vlastni zasah, ale
také skytd manipulacni prostor pro umisténi zranénych osob, které
zde mohou v piipad€ nouze vyckat na pomoc zachranari.

Z operativné taktické studie vyplyva, Ze pro Hosinsky tunel je
doba od ohlaSeni poZaru k nasazenti sil a prostfedkd 23 minut. Mo-
del evakuace prokdzal, Ze v tomto Case se v tunelu jizZ nebudou
nachdzet osoby, které se nestacily evakuovat. Pfesto zde mohou byt
osoby, které se nemohly samy evakuovat (napf. z divodu zranéni).
Jejich zdchrana je primarnim cilem zasahujicich sloZek IZS.
Chotycansky tunel

Celkové doba evakuace osob z vlakové soupravy pro nejnepriz-
nivéjsi modelovou situaci v Chotycanském tunelu vychazi na cca
50 minut.

Pfi modelovani evakuace na zdkladé pivodniho feSeni tniko-
vych cest podle DUR dochézelo k hromadéni osob v tinikové cest&
kvuli ¢astecné kumulaci osob pred vstupem do Sachty z divodu Ce-
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limit of 2m were monitored leading to
loss of visibility for escaping persons
in the tunnel. The limit of visibility
is 5m, which can not only cause
panic behavior, but can also make it
difficult for people to orientate and
ultimately slow down or completely
prevent the evacuation process from
endangered areas.

The second part of the evacuation
is focused on the movement of
people protected by an escape
route (crosspassage and gallery
or corridor and shaft) towards the
exit to the open space. The model
here seamlessly follows the escape
from the tunnel, and in addition,
in the case of the design of the
Chotycany tunnel, it was specified
that 70% of people would use the
stairs and the remaining 30% would
use the elevator. The areas of the escape route are a separate fire
safety section equipped with overpressure ventilation (marked
as protected escape route), so this area is suitable for possible
gathering of persons and subsequent gradual escape through the
rescue gallery or shaft.

Model outputs and modification of escape routes

During the evacuation, the conditions for escaping people
gradually deteriorate, which leads to an increase in the number of
people at risk of reduced visibility in the modeled section.

Hosin tunnel

The total time of evacuation of people from the train for the
most unfavorable model situation in the Hosin tunnel is about 67
minutes.

The passage of persons from the tunnel to the protected escape
route is smooth and during the whole evacuation there is no
accumulation of persons before entering the tunnel crosspasage
(Fig. 6). In addition, the rescue gallery’s own space is extended at
the tunnel crosspassages, which not only allows better preparation
of fire fighter units for their intervention, but also provides a

handling space for the placement

[T

of injured people, who can wait for
rescuers in case of emergency.

The operational tactical study
shows that for the Hosin tunnel,
the time from the announcement of
a fire to the deployment of forces
and resources is 23 minutes. The
evacuation model proved that at this
time there would no longer be people
in the tunnel who could not evacuate.
Nevertheless, there may be people
who could not evacuate themselves
(e.g., due to injury). Their rescue is
the primary goal of the intervening
IRS units.

Chotycany tunnel
The total time of evacuation of
e people from the train for the most

Obr. 8 Priibéh evakuace po tpravé délky tinikovych cest v Chotycanském tunelu
Fig. 8 Evacuation process after adjusting the length of escape routes in the Chotycany tunnel

unfavorable model situation in the
Chotycany tunnel is about 50 minutes.




kani Casti osob na vytah. Tim dochazelo k zaplnéni kratké chodby
a kumulaci osob pfimo v tunelu u vstupu do unikové cesty (obr. 7).
Osoby, které by takto zistaly v nechranéném prostoru, by byly
ohroZeny na Zivoté, takze posuzovany scénédi byl hodnocen jako
spolecensky nepfijatelny.

Na zékladé téchto vysledk byly kratké chodby do Sachet €. 1 a4
zaustény situacné z jiného sméru, a tim doslo k jejich prodlouZeni.
Touto upravou bylo dosazeno zvySeni kapacity tnikové cesty pro
nahromadéné osoby v pribéhu evakuace.

Vysledkem modelace upraveného stavu je plynuly prichod osob
k ¢aste¢né kumulaci osob pred vstupem do zachranné Sachty z di-
vodu Cekédni na vytah, ale béhem celé evakuace nedochazi ke ku-
mulaci osob pted vstupem do dnikové cesty, cozZ znamend, Ze ma
dostacujici prostorovou kapacitu (obr. 8).

Z operativné taktické studie pak vyplyva, Ze pro ChotyCansky
tunel je doba od ohl4seni pozaru k nasazeni sil a prostiedkd 24 mi-
nut. Model evakuace prokéazal, Ze v tomto Case se v tunelu mize
nachazet a7 75 osob, které se nestacily nebo nemohly samy evaku-
ovat (napf. z divodu zranéni). Primarnim cilem zasahujicich slozek
IZS je dokonceni evakuace téchto osob.

ZAVER

Dvoukolejné Zeleznicni tunely obdobného rozsahu nebyly dosud
v CR realizovany, Choty¢ansky tunel navic bude nejdelsim Zelez-
ni¢nim tunelem v CR. Pfiprava dokumentace DSP obou tuneli je
i vzhledem k dob& uplynulé od vzniku DUR velkou vyzvou pro
vSechny zicastnéné. Bezpecnostni feSeni tunelu a z toho plynouci
koncepce posouzeni tnikovych cest od samého pocatku praci vy-
razné vstupuje do celého procesu pfipravy.

Modelovani pozaru a evakuace zohledfiuje vice navrhovych fak-
tortt (napf. tepelny vykon a rozvoj poziru, teplotni ptisobeni na
osoby, ptsobeni toxickych zplodin hofeni, dispozice unikovych
cest, poCty osob a jejich fyzickou nebo dusevni schopnost) a umoz-
nuje tak pomérné rychle fesit rizné varianty a optimalizovat navr-
Zené technické reseni.
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When modeling the evacuation on the basis of the original
solution of escape routes according to DUR, there was a congestion
of people in the escape route due to partial accumulation of people
before entering the shaft due to waiting for the elevator. This filled
the short corridor and accumulated people directly in the tunnel at
the entrance to the escape route (Fig. 7). People who would thus
remain in an unprotected space would be life-threatening, so the
assessed scenario was evaluated as socially unacceptable.

Based on these results, the short corridors were enterd in the
shafts No. 1 and 4 from a situationally different direction, thus
extending them. This modification increased the capacity of the
escape route for the person accumulation during the evacuation.

The modeling the modified state resulted in a smooth passage of
people from the tunnel to the protected escape route. In the corridor
itself, there is a partial accumulation of people before entering the
rescue shaft due to waiting for the elevator, but during the whole
evacuation there is no accumulation of people before entering the
escape route, which means that it has sufficient space (Fig. 8).

The operational tactical study then shows that for the Chotycany
tunnel, the time from the announcement of the fire to the deployment
of firefighting forces and resources is 24 minutes. The evacuation
model showed that at this time there could be up to 75 people in
the tunnel who could not or could not evacuate themselves (e.g.,
due to injury). The primary goal of the intervening IRS units is to
complete the evacuation of these people.

CONCLUSION

Double-track railway tunnels of a similar scale have not yet been
built in the Czech Republic; in addition, the Choty¢any tunnel will
be the longest railway tunnel in the Czech Republic. The preparation
of the DSP documentation of both tunnels is also a great challenge
for all participants given the time that has elapsed since the
establishment of the DUR. The safety solution of the tunnel and the
resulting concept of assessing escape routes from the very beginning
of the work significantly impacts the whole design process.

Fire and evacuation modeling allows several design factors to be
taken into account (e.g., heat output and fire development, temperature
effects on persons, exposure to toxic combustion products, layout
of escape routes, number of persons and their physical or mental
capacity) and it is thus possible to solve various variants relatively
quickly and to optimize the proposed technical solution.
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TUNEL PRESOV, ZMENY TECHNICKEHO RIESENIA POCAS
VYSTAVBY
PRESOV TUNNEL, CHANGES IN TECHNICAL SOLUTION DURING
CONSTRUCTION

MILOSLAV FRANKOVSKY, ADRIANA JAKUBIKOVA, ROMAN SALY, JAN ZAJAC

ABSTRAKT

Dialnicny tunel PreSov na tiseku dialnice D1 PreSov zdpad — PresSov juh bol po viac ako 4 rokoch vystavby uvedeny na konci oktobra
2021 do prevddzky ako v poradi jedendsty dialnicny tunel na Slovensku. Technické rieSenie viacerych tunelovych objektov, ktoré bolo
predmetom dokumentdcie na ponuku, bolo pocas vystavby zmenené, jednak z dovodov odlisnych geotechnickych podmienok na stavenisku,
Jjednak z dovodu zmien technickych predpisov a poZiadaviek objedndvatela stavby, Ndrodnej dialnicnej spolocnosti. Zmeny v technickom
rieSeni sa tykali stavebnej casti, ako aj technologickej casti tunela, pricom sa castokrdt vzdjomne ovplyviiovali. Predmetom cldnku je popis
zmien vybranych objektov stavebnej casti tunela, ¢im cldnok nadvdzuje na cldanky publikované v predoslych rocnikoch casopisu.

ABSTRACT

The PreSov motorway tunnel on the Presov West — Presov South section of the DI motorway was brought into operation at the end of
October 2021, after more than 4 years of construction, as the eleventh motorway tunnel in Slovakia. The technical solution to several
tunnel objects, which was the subject of the tender design, was changed during the course of the construction, partly due to different
geotechnical conditions on the construction site, partly due to changes in technical regulations and requirements of the client, the National
Highway Company. The changes in the technical solution regarded the civil engineering part as well as the equipment part of the tunnel,
while they often influenced each other. The subject of the paper is a description of changes in selected objects of the civil engineering part

of the tunnel, forming a follow-up to the articles published in previous volumes of the journal.

uvob

Dialni¢ny dsek Presov zdpad — PreSov juh, ktorého sucasfou je
tunel PreSov, tvori juhozdpadny obchvat rovnomenného krajské-
ho mesta. Uvedenim dialni¢ného dseku do prevadzky 28. oktobra
2021 sa prediZzila ucelend dialnica D1 medzi RuZomberkom a Ko-
Sicami na celkovii dizku 168 km (Juhas a kol., 2021). Doba prejaz-
du cez mesto PreSov sa podla odhadov dopravnych inZinierov skra-
tila o pribliZzne 18 mindit. Tunel PreSov je jedendstym slovenskym
dialni¢nym tunelom vybudovanym v obdobi od roku 1996.

Prvé trasovanie dialnice na obchvate PreSova bolo navrhované
v roku 1993 v rdmci environmentélnej Stadie Hybe — PreSov, kde
bol hodnoteny povrchovy a tunelovy variant dialnice s odporica-
nim tunelového variantu pre dalsi proces pripravy. V roku 1996
bola vypracovand sprava o hodnoteni vplyvov stavby na Zivotné
prostredie. V roku 2001 bola vypracovand technicka Stidia juhozé-
padného tunelového obchvatu mesta PreSov a nasledne v roku 2008
dokumenticia na tizemné rozhodnutie. Rozhodnutie o umiestneni
stavby bolo vydané v roku 2009. V roku 2013 bola spracovana do-
kumenticia pre stavebné povolenie, ktoré bolo nasledne vydané
v roku 2015. Vystavba useku dialnice sa zacala v jini 2017 a bola
ukoncend uvedenim dialnice do prevadzky v oktobri 2021. Od za-
Ciatku pripravnych prac na environmentalnej Stadii po sprevadzko-
vanie dialnice teda prebehlo 28 rokov.

Objednévatelom stavby a sicasnym prevadzkovatelom dialnice
je Narodna dialni¢na spolo¢nost a.s. Stavbu realizovalo zdruZenie
EUROVIA SK a.s., Doprastav, a.s., Metrostav a.s., za realiziciu
tunela bol zodpovedny Metrostav a.s. Projektantom stavby bol vo
vsetkych fazach pripravy DOPRAVOPROJEKT, a.s., ktory pocas
stavby vykonaval autorsky dozor a podielal sa na spracovani doku-
mentécie na vykonanie prac a zmeny dokumentacie na realizaciu
stavby. Stavba bola spolufinancovana Eurépskou tniou v ramci
Kohézneho fondu — Operacny program integrovand infrastruktira
2014-2020 a Statneho rozpoctu.

INTRODUCTION

The PreSov West — PreSov South motorway tunnel, with the
PreSov tunnel forming its part, creates a south—western by-pass
of the regional town of the same name. With the commissioning
of the motorway section on 28 October 2021, the self-contained
D1 motorway between RuZomberok and KoSice was extended to a
total length of 168km (Juhas et al., 2021). According to estimates
by traffic engineers, the transit time through the town of Presov
was reduced by approximately 18 minutes. The PreSov tunnel
is the eleventh Slovak motorway tunnel built in the period since
1996.

The first route of the motorway on the PreSov bypass was
proposed in 1993 within the Hybe — PreSov environmental study,
where an at-grade and underground variants of the motorway were
assessed, with a recommendation for the underground variant to
be adopted for the next preparation process. In 1996, a report
on the environmental impact assessment of the construction was
prepared. A technical study on the south-western tunnel bypass of
the town of PreSov was prepared in 2001. It was followed in 2008
by the design for zoning and planning decision. The construction
location decision was issued in 2009. In 2013, the final design was
prepared; the building permit was subsequently issued in 2015.
Construction of the motorway section began in June 2017 and was
completed by the commissioning of the motorway in October 2021.
Thus, 28 years have elapsed between the start of the preparatory
work on the environmental study and the commissioning of the
motorway.

The client for the construction and the current operator of the
motorway is the National Motorway Company. The construction
was carried out by the association formed by EUROVIA SK a.s.,
Doprastav, a.s. and Metrostav a.s. Metrostav a.s. was responsible for
the construction of the tunnel. DOPRAVOPROJEKT, a.s. was the



TECHNICKE RIESENIE TUNELA A JEHO ZMENY

Sucastou dialni¢ného tseku je dvojrirovy razeny tunel PreSov
s dlZkou rir 2230,5 m (Tavé tunelové rira) a 2244 m (prava tunelo-
va rura), ktorym je vedena trasa dialnice pod Malkovskou horkou.
Tunel je vybudovany v Sirkovej kategérii 2T 7,5, Co predstavuje
Sirku vozovky medzi obrubnikmi 7,5 m. Obe tunelové riry su ve-
dené v jednostrannom pozdiznom sklone 2,80 % s klesanim od
zapadného portdlu smerom k vychodnému portdlu (Frankovsky
a kol., 2016).

Technické rieSenie tunela v dokumentacii na stavebné povolenie
a dokumentacii na ponuku bolo pocas realizacie upravované z do-
vodu skuto¢ne zastihnutych geologickych a geotechnickych pod-
mienok, ako aj z dovodu vyvoja noriem a technickych predpisov.
V niektorych pripadoch bol dévodom tieZ vyvoj nizorov a stavu
ziskanych skdsenosti stran zucastnenych na vystavbe, teda objed-
navatela, zhotovitela aj projektanta. Tak ako je to obvyklé, zmeny
urcitych objektov vyvolali potrebu zmien dalSich objektov, ¢i uz
stavebnej alebo technologickej Casti tunela.

Zmenené technické rieSenia jednotlivych objektov tunela boli
predmetom dokumenticie na vykonanie prac a zmeny dokumen-
tacie na realizdciu stavby, ktoré boli spracovavané v obdobi pocas
vystavby dialnice.

RAZENIE TUNELA A NOSNE KONSTRUKCIE

Tunel bol razeny konvencne, podla principov Novej rakuske;j tu-
nelovacej metddy, v horninovom prostredi tvorenom najmé strie-
dajicimi sa ilovcovymi a pieskovcovymi stvrstviami, s nadlozim
maximdlnej vySky 80 m. Vzhladom na predpokladané rozdelenie
masivu do 25 kvazihomogénnych celkov bola v dokumentacii na
ponuku uvaZzovand $kdla 6 vystro-
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construction designer in all phases of preparation. It also conducted
author‘s supervision during the construction and participated in the
work on the detailed design and changes in the detailed design.
The construction was co-funded by the European Union under the
Cohesion Fund — Operational Program Integrated Infrastructure
2014-2020 and the state budget.

TECHNICAL SOLUTION TO THE TUNNEL AND ITS
MODIFICATIONS

The motorway section includes a twin-tube mined tunnel Presov
with a length of 2230.5m (left-hand tunnel tube) and 2244m (right-
hand tunnel tube), leading the motorway route under Malkovska
Hoérka hill. The width category 2T 7.5 proposed for the tunnel
represents the kerb-to-kerb width of 7.5m. Both tunnel tubes run
on a one-way longitudinal slope of 2.80% descending from the
western portal towards the eastern portal (Frankovsky et al., 2016).

The technical solution to the tunnel in the final design and the
tender design was modified during the construction process due
to the actual geological and geotechnical conditions, as well as
due to the development of standards and technical regulations. In
some cases, the reason lay also in the development of opinions
and the state of experience gained by the parties involved in the
construction, i.e. the client, contractor and designer. As usual,
changes to certain objects necessitated changes in other objects,
both the civil engineering part and the part concerning the
equipment of the tunnel.

The changed technical solutions to the individual tunnel objects
were the subject of the final design and changes in the detailed
design, which were processed during the motorway construction.

jovacich tried s maximdlnou diZkou
zaberu v kalote od 1,0 do 3,0 m. Ne-
predpokladali sa velké pritoky vody
do tunelovych rdar pocas razenia
(Kubis a kol., 2016).

Razenie tunela zaCalo v augus-
te 2018 od oboch portédlov, pricom
sa prerazky oboch tunelovych rir ko-
nali v polovici juna 2019 (Bfichnac
akol., 2020). Dizky razenych tisekov
tunela boli 2167, resp. 2189 m. Prie-
merny postup razenia teda predsta-
voval priblizne 100 m mesacne na
jednej Celbe. Pri razeni tunela boli
na rozdiel od predpokladov doku-
mentécie na ponuku aplikované iba
vystrojovacie triedy 5B, 6 a 7 s diz-
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prevazna Cast dizky tunela, priblizne
80 % jeho dizky, bola razend vo vy-

strojovacej triede 5B. Rozhodovanie
o aplikdcii vystrojovacich tried bolo
podla nazoru projektanta pomerne

bo

konzervativne.

PouZitie vystrojovacich tried 5B,
6 a 7 malo za nasledok aj to, Ze se-
kundérne ostenie tunela bolo v celej
dizke tunelovych rir realizované
z vystuZeného beténu, co bola dal-

Sia zmena oproti predpokladom, ked

Obr. 1 Vzorovy priecny rez tunela so spodnou klenbou
Fig. 1 Standard cross-section through a tunnel with invert



31. rocnik - €. 172022

vych rir so sekundarnym ostenim z prostého betonu. Pravidelna
di7ka bloku sekunddrneho ostenia zostala zachovani v hodnote
12 m, hribka klenby ostenia 30 cm, resp. 40 cm v nidzovych z4-
livoch.

Dno tunelovych rir bolo v dokumentacii na ponuku navrhnuté
s protiklenbou alebo bez nej, s plochym dnom, pricom pocas vy-
stavby boli pouzité obe rieSenia. Protiklenba bola realizované pre-
vazne z prostého betonu (obr. 1), len v usekoch s najhorSimi geo-
technickymi podmienkami bola pouzitéd protiklenba z vystuzeného
beténu. V usekoch tunela s plochym dnom boli vykonané pomerne
masivne vymeny podloZia vozovky s vyplilou z prostého betonu.

PRIECNE PREPOJENIA

Bezpecnostné stavebné tpravy v tuneli PreSov zahifajui aj inikové
cesty (UC) do druhej tunelovej riry tvorené prieCnymi prepojeniami,
ktoré su situované vo vzajomnych vzdialenostiach priblizne 250 m.
Z celkového poctu 8 priecnych prepojeni boli v dokumentacii na
ponuku 2 prepojenia navrhnuté ako prejazdné, urCené pre prijazd
zasahovych jednotiek, 2 prepojenia boli navrhnuté ako priechodné
bez technologickych miestnosti (obr. 2) a 4 prepojenia priechodné
s technologickymi miestnostami. Toto rozdelenie zostalo zachované,
k zmenam ale doslo vo vnitornom usporiadani prepojeni.

V dokumentacii na ponuku boli prepojenia predelené jednou ste-
nou s poziarnymi dverami vzdy v strede prepojenia, priCom tito
stena tvorila poZiarny uzaver medzi dvomi rdrami. Na zdklade po-
Ziadavky objednavatela vznesenej po podpisani zmluvy o dielo bolo
toto rieSenie zmenené na rieSenie oddelujtce prieCne prepojenia od
tunelovych rir dvomi stenami na zaciatku a na konci prepojenia.
Takéto rieSenie si vyZiadalo separdtne pretlakové vetranie priesto-
ru prieéneho prepojenia. Okrem tejto zmeny sa upravili aj pozdizne
sklony prepojeni, tak aby nepresahovali hodnotu 5 %, nasledkom
¢oho sa museli vykonat aj drobné zmeny v blokovej schéme tunela,
sposobené zmenou bodu napojenia priecneho prepojenia na tunelo-
vu ruru. Doplnenie vetrania priecnych prepojeni malo za nasledok aj
zvySené poziadavky na kapacity chranickovych trds v chodnikoch
tunelovych rir, aj v samotnych prie¢nych prepojeniach.

DRENAZNE ODVODNENIE

Vzhladom na oCakdvané malé pritoky podzemnej vody do tune-
la sa v dokumentacii na stavebné povolenie a v dokumentécii na
ponuku uvaZovalo o mozZnosti Ciastocného vynechania hlavného
zberaca drendZnych horninovych vod, ktory bol umiestneny v dne
tunela len v Casti jeho dizky. Tomuto boli prispdsobené aj profily
potrubi, pricom boc¢na drendz bola navrhnuta s priemerom 300 mm
tak, aby bola kapacitne dostato¢na aj v pripade vynechania hlavné-
ho zberaca v celej dizke tunela.

Skuto¢né hydrogeologické podmienky boli napokon eSte priaz-
nivejsie, nez sa predpokladalo, s dthrnnym pritokom z oboch rir
menSim nez 10 1/s. Tieto podmienky umoznili nielen vynechanie
hlavného zberaca v celej diZke tunela, ale aj redukciu priemeru bog-
nych drendZzi. Vynechanie hlavného zberaca je opatrenim s pozitiv-
nym uc¢inkom nielen na systém odvadzania drendZnych vod (odpadli
priecne potrubia so zmenami smeru pridenia vody), ale tieZ na vo-
zovku v tuneli, v ktorej nie su umiestnené poklopy Sachiet.

DrendZne potrubia st realizované z plnostennej nerebrovanej,
pozdiZne ryhovanej drendZnej riiry PVC s perforiciou v hornej ¢as-
ti. Pri Cisteni musia rdry aj tvarovky umoznit vysokotlakovy pre-
plach, t. j. bez poSkodenia zndSat vnutorny pretlak 15 MPa. Bo¢né
odvodnenie razeného tunela je tvorené PVC potrubim SN8 DN 250
kruhového profilu s perforaciou v hornej Casti (120°), ktoré je ulo-
Zené vo filterbetone vedla zakladového pasu.

Obr. 2 Nudzovy vychod do priechodného priecneho prepojenia
Fig. 2 Emergency exit to cross passage passable for persons

TUNNEL EXCAVATION AND LOAD-BEARING
STRUCTURES

The tunnel was driven conventionally, according to the principles
of the New Austrian Tunnelling Method, in a ground environment
formed mainly by alternating clay and sandstone formations, with
maximum height of the overburden of 80m. Due to the expected
division of the massif into 25 quasi-homogeneous units, a range of
6 excavation support classes with a maximum length of excavation
round in the top heading ranging from 1.0 to 3.0m was considered in
the tender design. Large inflows of water into the tunnel tubes during
excavation were not expected (Kubis et al., 2016).

The tunnel excavation from both portals began in August 2018,
while both tunnel tubes were broken through in mid-June 2019
(Bfichnac et al., 2020). The tunnel sections being excavated were
2167m and 2189m long, respectively. Therefore, the monthly
average excavation advance rate amounted to approximately 100m
at one heading. Contrary to the assumptions of the design, only
excavation support classes VT 5B, 6 and 7 with an excavation round
length of 1.0 to 1.7 m were applied during the tunnel excavation,
while the predominant part of the tunnel length, approximately 80%,
was excavated in the excavation support class 5B. In the opinion of
the designer, the process of making decisions on the application of
excavation support classes was relatively conservative.

The application of excavation support classes 5B, 6 and 7
also resulted in the secondary lining of the tunnel being made of
reinforced concrete along the entire length of the tunnel tubes, which
was another change in comparison with the assumptions where the
major part of the length of the tunnel tubes with secondary lining was
to be of plain concrete. The regular length of the secondary lining
blocks was maintained at 12m, the lining vault was 30cm thick,
respectively 40cm in emergency stopping bays.

The bottom of the tunnel tubes with an invert, or without it, i.e. with
a flat bottom, was designed in the tender design and both solutions
were used during construction. The invert was made mostly of plain
concrete (Fig. 1), only in the sections with the worst geotechnical
conditions a reinforced concrete invert was used. Relatively massive
replacements of the underlying ground with plain concrete were
carried out in the tunnel sections with the flat-bottom.

CROSS PASSAGES

The safety construction modifications in the PreSov tunnel also
include escape paths to the second tunnel tube formed by cross
passages, which are located at the spacing of approximately 250m.
Out of the total number of 8 cross passages, 2 passages were designed
in the tender design as passable for vehicles, without service rooms
(see Fig. 2), and 4 cross passages with service rooms. This division



Cistiace vyklenky a Cistiace Sachty st vytvorené v sekund4drnom
osteni tunela a st umiestfiované cca po 60 m. Sachty v &istiacich
vyklenkoch su zakryté vodorovnym uzamykateInym vodotesnym
kompozitnym poklopom. Sachty na &istenie mimo vyklenkov CD
— Cistenie drendze — (v mieste zalivov a v mieste UC) sui uzatvorené
uzamykatelnym vodotesnym liatinovym poklopom. Sachty na &is-
tenie drendze budu vo velkosti: 600 x 800 mm. Kyneta v Cistiacich
Sachtéch je povrchovo upravend polymérbeténom hr. 2 mm.

Bocné odvodnenie tnikovych ciest je tvorené potrubim PVC
SN8 DN 160 kruhového profilu s perforaciou v hornej ¢asti (220°).
Potrubie je cez Cistiace Sachty napojené do bo¢ného drendzneho
odvodnenia tunelovych rur.

Odvodnenie pliane (drenaZznej vrstvy) vozovky je zabezpecCe-
né potrubim PVC SN8 DN 160 kruhového profilu s perforaciou
(220°). Toto potrubie je zatstené do Sachiet na Cistenie drenaze.

KedZe je tunel po celej dizke vedeny v sklone zo zapadu na vy-
chod, vypustanie horninovych vod zachytavanych v drendaZznom
odvodneni je situované na vychodnom portéli tunela (obr. 3). Tam
sa vody z bo¢nych drenaZzi oboch tunelovych rir spéjaju a cez ka-
lovi Sachtu su vyustené do rieky Torysa. Na zdklade vysledkov
rozborov vody nebola potrebnd Ziadna jej Uprava pred vypustanim
do recipientu.

ODVODNENIE VOZOVKY

Odvodnenie vozovky bolo v dokumentécii na stavebné povolenie
a v dokumentacii na ponuku navrhnuté z masivneho Strbinového Zla-
bu s kruhovym prierezom potrubia s nepriebeznou Strbinou, spéja-
nym pomocou neoprénového tesnenia. Namiesto sifonovych Sachiet
boli navrhnuté rirové zhybky. PretoZe zhotovitel pocas vystavby vy-
bral vyrobcu prefabrikovanych ZIabov s odliSnym rieSenim, bolo toto
rieSenie spracované do dokumentécie na vykonanie prac.

Uprava technického rieSenia obsahovala zmenu tvaru Zlabov, na-
hradenie Cistiacich zhybok sifénovymi Sachtami, zmenu na Zlab
s priebeZnou Strbinou so spajanim Zlabov na pero a drazku a tiez
tipravu dizky prefabrikatov na 2,0 m na ziklade poZiadaviek TKP
Cast 26 Tunely z roku 2017.

Odvodnenie povrchu vozovky bolo navrhnuté zo Strbinovych Zla-
bov s obrubnikom 15 cm — profil VII-4-30/30 vyrobenych z beténu
C45/55, XD3, XF4. ZIaby st uloZené na niZSej strane vozovky,
v diZkovom usporiadani 6 x 2,0 m v jednom bloku sekundarneho
ostenia tunela. Na opacnej strane vozovky je osadeny obrubnikovy
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has been maintained, but changes have been made in the internal
layout of the cross passages.

In the tender design, the cross passages were divided by one wall
with a fire-check door located always in the middle of the passage.
The wall formed a fire barrier between the two tubes. Based on
customer’s request made after signing the work contract, this
solution was changed to a solution separating cross passages from
tunnel tubes by two walls located at the beginning and the end of
the passage. Such a solution required separate positive pressure
ventilation of the cross passage space. In addition to this change, the
longitudinal slopes of the cross passages were adjusted so that they
did not exceed 5%. As a result, minor changes had to be made in the
tunnel block diagram caused by a change in the connection point
of the cross passage to the tunnel tube. The addition of ventilation
of cross passages also resulted in increased requirements for the
capacities of protection pipe routes in the walkways in tunnel tubes,
as well as in the cross passages themselves.

DRAINAGE

With respect to the expected small rates of groundwater inflow
into the tunnel, the final design and the tender design considered the
possibility of partial omitting the main collector of ground water
drainage, which was located in the tunnel bottom only in part of its
length. The pipe profiles were also adapted to this, while a diameter
of 300mm was designed for the side drainage so that the drainage
had sufficient capacity even if the main collector was omitted along
the entire length of the tunnel.

Finally, the actual hydrogeological conditions were even more
favourable than expected, with a total inflow rate from both pipes
of less than 10L/s. These conditions made it possible not only to
omit the main collector along the entire length of the tunnel, but
also to reduce the diameter of the side drains. The omission of the
main collector was a measure with a positive effect not only on the
drainage system (transverse pipes with changes in the direction of
water flow became unnecessary), but also on the roadway in the
tunnel, in which the manhole covers are not placed.

Drainage pipes are made of solid non-ribbed, longitudinally
grooved PVC drainage pipe, perforated in the upper part. During
cleaning, the pipes and fittings have to allow for high-pressure
flushing, i.e. for withstanding an internal overpressure of 15MPa
without damage. The side drainage of the mined tunnel is formed
by circular profile SN8 DN 250 PVC
pipes perforated in the upper part

Fig. 3 View of the eastern portal of the PreSov tunnel

(120°), which are placed in porous
concrete next to the side wall footing.

Cleaning niches and cleaning
manholes are created in the secondary
lining of the tunnel and are located
at a spacing of about 60m. The
manholes in the cleaning niches are
provided with a horizontal lockable
waterproof composite cover. The
cleaning manholes outside the niches
— the drainage cleaning — (in the
locations of lay-bys and in the place
of the escape path) are closed by a
lockable, watertight cast iron cover.
The drainage cleaning manholes
dimensions will be 600 x 800mm.
The surface of the cunette in the
cleaning manholes is treated with a
2mm thick layer of polymer concrete.
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prefabrikat (VII-4-O) s obrubnikom vysky 15 cm. V mieste nidzo-
vych zalivov a priecnych prepojeni st Strbinové prefabrikaty profil
VII-4 kombinované s profilom V-1 bez obrubnika s preruSovanou
Strbinou kvdli prie¢nemu prejazdu. Potrubie Strbinového zlabu VII-
4, pri sklone 2,8 % ma kapacitu 108 1/s. Uvedena kapacita potrubia
spifia poZiadavku vzorovych listov pre tunely VL-5, ktora je 100 I/s
pri drsnosti potrubia 0,8 mm.

Na Cistenie Zlabov si navrhnuté sifénové Sachty dizky 2,0 m.
Sifénové Sachty st umiestiiované kazdych cca 60 m. V miestach
zmeny sklonu vozovky su Strbinové prefabrikaty ukonéené siféno-
vymi Sachtami, tie su nésledne prepojené naprie¢ vozovkou dvoji-
cou rir profilu DN 250. Riry pod vozovkou st uloZené na podklad-
nom beténe a obeténované betéonom triedy C16/20.

Na najniZSom mieste oboch tunelovych rir na vychodnom por-
tali je odvodnenie vozovky ukoncené vpustovymi Sachtami. Z nich
sa odvodnenie vozovky napédja na vonkajSie kanalizacné potrubie
a voda sa odvadza cez stavidlovu Sachtu bud do odlucovaca rop-
nych latok, alebo do havarijnej nadrZe.

Havarijna nadrZ slizi na zachytenie znecistenych vod z tune-
la a doCasnui akumulaciu v pripade umyvania tunelového ostenia
a v pripade havarie. Z havarijnej nddrze budi vody vycerpané a na-
sledne odvezené na zneskodnenie. Havarijna nadrz je realizovana
ako prefabrikovand s pddorysnymi rozmermi 8,6 m x 5,5 m, s ob-
jemom 105 m°.

VOZOVKA V TUNELI
Zmeny technickych predpisov i zmeny technickych rieSeni suvi-
siacich objektov vyvolali aj zmeny technického rieSenia vozovky
s cementobeténovym krytom v tseku tunela. Uprava technického
rieSenia vozovky zahfia:
e zruSenie Sachiet vo vozovke v tuneli;
e zmenu Skdrorezu vozovky na zaklade zmeny blokovej schémy
tunela;
 tpravu konStrukcie cementobetonového krytu na zaklade no-
vého vypoctu a na zaklade poziadaviek TKP Cast 26 Tunely.
Zmena rieSenia drenaZneho odvodnenia mala za nasledok zmenu
v projektovom rieSeni vozovky, ked boli vylicené poklopy Sachiet
vo vozovke, ktoré z dlhodobého hladiska predstavuji jeden z naj-
citlivejich detailov vozovky. DalSou zmenou bola zmena nosnej
konStrukcie vozovky s cementobetéonovym krytom, ktorej skladba
je po optimalizacii v dokumentacii na vykonanie prac takato (plati
pre razeny tunel) — Tab. 1.

Tab. 1 Skladba vozovky s cementobetonovym krytom

Cementobetonovy kryt dvojvrstvovy
190/50 mm
CBI (H) - C 0,4 - Dmax 8 - S1 il 2
CBI(S) - Cl0,4 - Dmax 32 - S1
Cementom stmelena zmes CBGM C, 220 mm
. UM 8D, .
Strkodrvina 0315Gc | min-390mm

Uvedena skladba bez drendznej vrstvy s modifikovanou hribkou
cementom stmelenej zmesi je pouZité aj v tsekoch hibenych tune-
lov a nidzovych zalivov.

Podkladom pre konstrukéné vrstvy vozovky v razenom tuneli
bola zemna plan zapecatena vypliiovym beténom triedy C12/15
X0, hrabky min. 100 mm, so sklonom 5 % smerom k odvodneniu
plane.

Pravidelna vzdialenost priecnych Skér v kryte vozovky je 4,0 m,
pricom v blokoch atypickych diZok bola maximélna vzdialenost
Skar 4,5 m. Prie¢ne Skary v kryte vozovky boli v zmysle pozZiadaviek
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The side drainage of escape paths is formed by circular profile
SN8 DN 160 PVC pipes, perforated in the upper part (220°). The
pipeline is connected to the side drainage of the tunnel tubes via
cleaning manholes.

Drainage of the roadway bed (drainage layer) is ensured by
circular profile SN8 DN 160 PVC pipes with perforation (220°).
This pipeline is connected to the drainage cleaning manholes.

Since the tunnel runs along its entire length on a downward incline
from west to east, the discharge point of ground water collected in
the drainage is located at the eastern portal of the tunnel (see Fig. 3).
There, water flows from the side drains of the two tunnel tubes join
and continue into the Torysa River through a sludge shaft. Based on
the results of the water analyses, no treatment was required before
the discharge to the recipient.

ROADWAY DRAINAGE

Massive circular cross-section slotted drainage pipes with a
continuous slot, connected by a neoprene seal, were designed for
the roadway drainage. Inverted siphon pipes were designed instead
of siphon manholes. Because the contractor selected a manufacturer
of pre-cast slotted drain pipes with a different solution during the
construction, this solution was incorporated into the detailed design.

The modification of the technical solution included a change in
the shape of the slotted pipes, replacement of cleaning siphons with
siphon manholes, change to slotted pipes with a continuous slot with
tongue and groove joints and also adjustment of the length of pre-cast
tubes to 2.0m based on requirements of the Technical Specification
Part 26 Tunnels issued in 2017.

Slotted drain pipes with a 15cm high kerb — profile VII-4-30/30
made of C45/55, XD3, XF4 concrete — were designed for the
drainage of the road surface. The slotted pipes are placed on the
lower side of the roadway, in a length arrangement of 6 x 2.0m in
one concrete casting block of the secondary tunnel lining. On the
opposite side of the road there is a 15cm high pre-cast concrete kerb
(VII-4-0O). In the locations of emergency lay-bys and cross passages,
the pre-cast concrete sections of kerbs profile VII-4 are combined
with the V-1 profile without a kerb and with the slot interrupted
due to the transverse passage of vehicles. The slotted pipeline VII-
4, sloping at 2.8%;, has a capacity of 108L/s. The above mentioned
pipeline capacity meets the requirement of the standard sheets for
VL-5 tunnels, which is 100L/s at a pipe roughness of 0.8mm.

Siphon manholes with a length of 2.0m are designed for cleaning
the slotted pipes. The siphon manholes are spaced at ca 60m. In
places where the slope of the roadway changes, the pre-cast slotted
pipes are terminated by siphon manholes, which are subsequently
connected with each other across the roadway by a pair of DN 250
profile pipes. The pipes under the roadway are laid on blinding
concrete and are encased in C16/20 class concrete.

At the lowest points of both tunnel tubes at the eastern portal, the
drainage of the roadway is terminated by inlet shafts. From these
shafts, the roadway drainage is connected to the external sewer and
water is drained through the sluice gate chamber either to the oil
separator or to the emergency basin.

The emergency basin is used to capture polluted water from the
tunnel and temporary accumulation in the event of washing the tunnel
lining and in the event of an accident. The water will be pumped

from the emergency basin and then carried away for disposal. The
emergency basin is a pre-cast concrete structure, with ground plan
dimensions of 8.6m x 5.5m. Its volume amounts to 105m°.




31. rocnik - €. 1/2022

Obr. 4 Zdpadny portdl tunela a nadvizujiici most
Fig. 4 Western portal of the tunnel and the adjoining bridge

TKP 26 umiestnené vZdy v mieste Skar medzi blokmi sekundarne-
ho ostenia, preto aj drobné zmeny blokovej schémy vyvolali po-
trebu zmeny Skarorezu. Maximélne rozmery dosky krytu vozovky
st teda 3,625 x 4,50 m. Pozdi7na rezana $kéara cementobeténové-
ho krytu je vystuZend kotvami z hrebienkovej ocele zn. B500 B,
@ 16 mm, dizky 800 mm, pric¢om kotvy si opatrené plastovym
povlakom v dizke 200 mm symetricky ku stredu kotvy. Vzijom-
na vzdialenost kotiev je 1,0 m. Priecne rezané Skary su vystuZené
poplastovanymi klznymi tfiimi z ocele s hladkym povrchom zn.
S235 JR, @ 25 mm, dizky 500 mm. Vzijomna vzdialenost klznych
tifiov je 250 mm v pomalom pruhu a 500 mm v rychlom pruhu vo-
zovky. Vietky prie¢ne a pozdizne rezané $kéry sd chranené tesnia-
cim profilom. Od obrubnikovych prefabrikatov st dosky cemento-
beténového krytu a cementom stmelenéd zmes oddelené dilata¢nymi
vlozkami z polystyrénu hr. 15 mm. Obrubnikovy prefabrikat je
osadeny v jednej urovni s cementobetonovym krytom, Strbinovy
Zlab je osadeny o 5 mm niZSie ako cementobetonovy kryt.

Povrchova dprava cementobetéonového krytu bola realizovana
technoldgiou vymyvaného betdnu, t. j. bol pouzity kryt s obnaZe-
nym kamenivom. Na vozovku s cementobetéonovym krytom v tu-
neli nadvizuje na zapadnom portali dvojpolovy most, ktory je prvy
most na Slovensku s beténovou vozovkou (obr. 4).

CHODNIKY S KABLOVYMI TRASAMI

K zmenam oproti dokumentécii na ponuku doslo aj v technic-
kom rieseni chodnikov, kde bola zapracovand zmena prefabrikatu
odvodnenia vozovky, ale najmi boli vznesené nové poziadavky na
pocty a profily kablovych chrani¢iek. Vzhladom na zvySené po-
ziadavky na mnozstvo napdjacich aj oznamovacich kablovych ve-
deni musela byt upravena aj trasa chraniciek pre optické kéblové
vedenia, ktord bola z priestoru chodnikov presunutd do podlozia
vozovky. Doplnenie tras pre kablové vedenia sa tykalo aj priecnych
prepojeni, kde pribudli NN rozvadzace z dovodu zmeny rieSenia
vetrania priestoru chranenej inikovej cesty medzi dvojicou stien.

Obe tunelové rary su vybavené pravym aj lavym nddzovym
chodnikom min. Sirky 1,0 m. Chodniky si vymedzené S$trbino-
vym zlabom alebo prefabrikovanym obrubnikom a sekundarnym
ostenim tunela. Pochddzna vrstva chodnikov je navrhnutd ako

ROADWAY IN THE TUNNEL

Changes in technical regulations
as well as changes in the technical
solutions to related objects also caused
changes in the technical solution to
the roadway with a concrete cover
in the motorway section comprising
the tunnel. The modification of the
technical solution to the roadway
includes:

e omission of manholes in the

roadway inside the tunnel,

* change in roadway joints layout
based on the change in the tunnel
block diagram;

e modification of the structure of
the concrete cover on the basis
of a new calculation and on the
basis of the requirements of
Technical Specifications Part 26,
Tunnels.

The change in the solution to the
drainage system resulted in a change
in the design for the roadway, where the manhole covers in the
roadway were excluded, which in the long run represents one of
the most sensitive details of the roadway. Another change lay in the
change in the load-bearing structure of the roadway with a cement-
concrete cover, the composition of which is, after optimization in the
detailed design, as follows (applies to the mined tunnel) — Table 1.

Table 1 Composition of the pavement with cement-concrete cover

Double-layer concrete cover
190/50mm
CB I (H) - Cl 0.4 — Dmax 8 - S1 CBl 240mm
CB(S)-Cl 0.4 - Dmax 32 - S1
Cement bound mixture CBGM C,,, 220mm
UM CG, 0/31.5 .
Crushed gravel grain size min. 390mm

The above-mentioned composition without a drainage layer with
modified thickness of the cement-bonded mixture is also used in
sections formed by cut-and-cover tunnels and emergency lay-bys.

The sub-grade for the structural layers of the roadway in the mined
tunnel was sealed with C12/15 X0 class mass fill concrete, minimal
thickness of 100mm, with a slope of 5% towards the drainage of the
road bed.

The transverse joints in the roadway cover are spaced regularly at
4.0m, while in atypically long blocks the maximum spacing of the
joints was 4.5m. In accordance with the requirements of Technical
Specifications 26, the transverse joints in the roadway cover were
always carried out in the locations between the concrete casting
blocks of the secondary lining, therefore even small changes in
the block diagram caused the need to change the joints layout.
The maximum dimensions of the roadway cover are therefore
3.625 x 4.50m. The longitudinally cut joint in the concrete cover
is reinforced with 800mm long B500 B deformed steel anchors,
@ 16mm, length 800mm. The anchors are provided with a 200mm
long plastic coating, symmetrically to the anchor middle. The
anchors are spaced at 1.0m. Transversally cut joints are reinforced
with S235 JR plastic-coated slipping steel dowels @ 25mm, length
500mm, with a smooth surface. The slipping dowels are spaced at
250mm in the slow lane, respectively 500mm in the fast lane of the
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cementobetonovy kryt C25/30 — XF2 hribky 120 mm so zdrsne-
nim a v usekoch 300 m od portdlov cementobeténovy kryt C30/37
— XF4. Styk chodnika so sekunddrnym ostenim a obrubnikom,
resp. Strbinovym Zlabom, je rieSeny drazkou vyplnenou polyure-
tanovym tmelom. V mieste vSetkych priecnych prepojeni je chod-
nik preruseny a do Grovne vozovky priecneho prepojenia napojeny
rampou so sklonom 1:10.

Na vonkajsej strane tunelovych rir je v oboch rdrach uloZenych
14 ks chrénic¢iek DN 110 a 4 ks chraniciek DN 160. Na vntitornej
strane tunelovych rur je ulozeny 1 ks DN 63, 4 ks DN 110, 2 ks
DN 125 a 3 ks DN 160. Kablové chranic¢ky v tuneli st obetonované
betéonom C16/20 — XO0. V Tavej tunelovej rire v lavom chodniku je
vedla zakladového pasu pod vozovkou uloZenych 13 ks chraniciek
HDPE DN 40. Tieto slizia pre umiestnenie dialkovych optickych
vedeni.

V oboch chodnikoch sa v miestach chraniciek v sekundarnom
osteni a tiez v pravidelnych vzdialenostiach nachadzaji kéblové
Sachty prekryté spravidla dvomi Zelezobetonovymi poklopmi.
Kablové Sachty sa nachddzaju aj v mieste SOS vyklenkov a vy-
klenkov pre hydranty poziarneho vodovodu. Na strane prefabri-
kovaného obrubnika (resp. Strbinového Zlabu) je poklop uloZeny
na ozube prefabrikatu prostrednictvom loZiska z pasovej gumy. Na
strane sekundarneho ostenia je poklop uloZeny na betonovy dloz-
ny ozub s podbeténovanim a loZiskom z pasovej gumy. Sachty si
chranené pred vniknutim vody tesnenim poklopu po celom obvode
polyuretanovym tmelom. Pripadné priesaky do kablovej Sachty st
odvedené do odvodnenia plane vozovky prostrednictvom nopovej
folie uloZenej pod prefabrikdtom v najniz§om bode dna Sachty.

Stcastou objektu vozovka a chodniky su aj tlmice narazov v nu-
dzovych zélivoch umiestnené pred ¢elnou stenou zélivu (obr. 5).

POZIARNY VODOVOD V TUNELI

Zabezpecenie poziarnej vody pre tunel PreSov je tvorené sys-
témom potrubi poZiarneho vodovodu v tuneli a nadrZou obje-
mu 160 m? s automatickou tlakovou stanicou, ktord sa nachadza
v technologickej centrile Zapad. Zdrojom vody pre nadrZ je vodo-
vodna pripojka privadzajica vodu z verejnej vodovodne;j siete. Ide
o trvale zavodneny poZiarny vodovod, kde tlak v potrubi musi byt
v rozmedzi 0,6—1,0 MPa. Prietok vody ma byt v mnoZstve 20 1/s,
pocas trvania 120 min.

Zmeny pocas vystavby boli najskdr iniciované objedndvatelom,
ktory pozadoval doplnenie nezavodnenych potrubi do prie¢nych pre-

Obr. 5 Tlmic¢ ndrazov v niidzovom zdlive
Fig. 5 Shock absorber in an emergency stopping lay-by
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roadway. All transversally and longitudinally cut joints are protected
by sealing gaskets. Concrete cover slabs and the cement-bonded
mixture are separated from the pre-cast concrete kerbs by 15mm
thick polystyrene expansion strips. The pre-cast concrete kerbs are
placed at one level with the concrete cover, the slotted drainage pipes
are placed by Smm lower than the concrete cover.

The surface treatment of the concrete cover was carried out using
the washed concrete surface technique, i.e. the cover with exposed
aggregate surface.

The roadway with a concrete cover in the tunnel links at the western
portal to a two-span bridge, which is the first bridge in Slovakia with
a concrete roadway (see Fig. 4).

WALKWAYS WITH CABLE RUNS

Compared to the tender design, there were also changes in the
technical solution to walkways, where a change in the pre-cast
concrete roadway drains was incorporated, but, in particular, new
requirements were raised for the numbers and profiles of cable
protecting pipes. With respect to the increased requirements for
the number of supply and announcement cable lines, the route of
protecting pipes for optical cable lines had to be modified. It was
moved from the walkway area to the roadway sub-grade. The
addition of routes for cable lines also concerned cross passages,
where LV switchboards were added due to a change in the solution to
the ventilation of the protected escape path between a pair of walls.

Both tunnel tubes are provided with right-hand and left-hand
emergency walkways 1.0m wide as a minimum. The edge of the
walkways is defined by the slotted drain or pre-cast concrete kerb
and the tunnel secondary lining. The walkable layer of the walkways
is designed as a roughened 120mm thick C25/30 — XF2 concrete
cover, which is made of C30 / 37 — XF4 concrete in sections 300m
long from the portals. The contact of the walkway with the secondary
lining and the kerb or slotted drain is solved by a groove filled with
polyurethane sealant. In the locations of all cross passages, the
walkway is interrupted. It is connected to the level of the roadway in
the cross passage by a ramp with a slope of 1:10.

On the external side of the tunnel tubes, there are 14 pieces of
DN 110 and 4 pieces of DN 160 protecting pipes, respectively, in
both tubes, whilest 1 piece of DN 63, 4 pieces of DN 110, 2 pieces of
DN 125 and 3 pieces of DN 160 protecting pipes are installed on the
internal side of the tunnel tubes. Cable protecting pipes in the tunnel
are encased in C16/20 — X0 concrete. In the left-hand tunnel tube, in
the left-hand walkway, 13 pieces of HDPE DN 40 protecting pipes
are placed next to the side wall footing under the roadway surface.
They are used for placing long-distance optical lines.

In both walkways, there are cable manholes, usually covered with
two reinforced concrete covers, in the places of protecting pipes in
the secondary lining and also at regular spacing. Cable manholes are
also located in the emergency call niches and niches for fire water
hydrants. On the side of the pre-cast concrete kerb (respectively
slotted drainage pipes), the cover is mounted on the extended edge
of the kerb by means of a rubber band bearing. On the side of the
secondary lining, the cover is mounted on the protruding concrete
bed and a rubber band bearing. The manholes are protected against
water intrusion by sealing the cover around the entire perimeter with
polyurethane sealant. Potential leaks into the cable manhole are led
to the drainage of the roadway bed by means of a dimpled sheet
membrane placed under the pre-cast concrete structure at the lowest
point of the manhole bottom.

The roadway and walkways of the object also include shock
absorbers in emergency lay-bys located in front of the transverse end
wall of the lay-by (see Fig. 5).




pojeni, sliZiacich na dodavku poziarnej vody z riry nezasiahnutej
poziarom. DalSie zmeny stviseli s poZiadavkou zhotovitela na za-
pracovanie konkrétneho materidlového rieSenia do dokumenticie na
vykonanie prac, pricom bolo potrebné zapracovat aj vSetky zmeny
suvisiacich Casti stavby, napriklad prie¢nych prepojeni a chodnikov
v tuneli.

Vlastné rozvodné potrubie pozZiarneho vodovodu je vedené
v priestore tunela v kanaliku pod chodnikom. Potrubie je reali-
zované z hrdlovych rur, z tvarnej liatiny triedy C25 s priemerom
DN 150 mm a tlakovou triedou PN 16. Vonkajsia povrchova tuprava
rur je typu Bio Zinalium prekrytd akrylatovym naterom. Vnuitorna
povrchova uprava je termoplasticky polymér. Armatdry st prirubo-
vé, z tvarnej liatiny triedy C40.

Pre zabezpecenie vodovodného potrubia proti zamrznutiu v zim-
nom obdobi je potrubie poziarneho vodovodu vyhrievané samore-
gulaénym odporovym kablom. Potrubie je v kanaliku zaliate tepel-
nou izolaciou v min. hr. 50 mm. Vodovodné potrubie je vedené cez
kablové Sachty, ako aj popri Sachtich na Cistenie drendze a v mies-
tach priecnych prepojeni v PVC chranicke DN 270. V chranickach
je potrubie izolované vinutou tepelnou izol4ciou.

Na trasach vodovodu v oboch tunelovych rdrach su osadené spo-
lu 4 trasové uzavery (dva v kaZzdej tunelovej rire), ktoré st umiest-
nené v samostatnych vyklenkoch. Zavodneny poZiarny vodovod
je rozdeleny na 8 samostatnych sekcii, pricom dizky jednotlivych
sekcii nepresahuju 600 m.

Poziarne vyklenky sd otvorené a bez vystrojenia pre pozZiarny
zasah, ktoré je uloZené v skrini v kazdom prie¢nom prepojeni. Vo
vyklenku je osadeny tunelovy hydrant DN 80 PN 16 s moZnostou
pripojenia hadic 1 x B a 2 x C pred kazdou prirubou. Na pripojenie
poziarnej hadice je osadeny ovladaci ventil. Hydrant je proti za-
mrznutiu chraneny navijanou tepelnou izoldciou do vysky 400 mm
nad chodnik. Spolu je v oboch tunelovych rirach osadenych 34 ks
hydrantov v poZiarnych vyklenkoch.

Na oboch portiloch tunela sa v blizkosti nastupnej plochy
nachadza odberné miesto pre plnenie poZiarnej a zachrannej tech-
niky vodou, pre vykonanie zasahu. Plniace miesta su tvorené na-
dzemnymi hydrantmi DN 100 PN 16 s prirubami 2 x B + 1 X A so
zemnou stpravou so samostatnym rucne riadenym uzaverom.

Vzhladom na vyskovy rozdiel portdlov tunela a potreby zabez-
pecenia tlaku v potrubi v rozmedzi 0,6—1,0 MPa bolo potrebné roz-
delenie systému poziarneho vodovodu do dvoch tlakovych pasiem
s redukciou tlakov v strede tunela. Kazdé tlakové pasmo je zokru-
hované. Na tcel umiestnenia redukénych zostdv boli v priecnom
prepojeni PP-CH4 nachddzajticom sa priblizne 1 km od zdpadného
portalu tunela vybudované Specidlne miestnosti. Zostava na reduk-
ciu tlaku obsahuje ventil na redukciu tlaku s meranim a dialkovym

Obr. 7 Suchovod v prie¢nom prepojeni
Fig. 7 Dry fire main in a cross passage
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Obr. 6 Zostava na redukciu tlaku poZiarneho vodovodu
Fig. 6 Assembly for reduction of pressure in fire water supply system

FIRE WATER SUPPLY IN TUNNEL

The provision of fire water for the PreSov tunnel consists of
a system of fire water pipelines in the tunnel and a reservoir with
a volume of 160m’ with an automatic booster pump station, which
is located in the services centre West. The source of water for the
reservoir is a pipeline supplying water from the public water supply
network. It is a permanently wet fire water supply system, where the
pressure in the pipeline has to be within the range of 0.6—1.0MPa.
The water flow rate should be 20L/s and last for 120 minutes.

The changes during construction were first initiated by the client,
who requested the addition of dry pipelines to the cross passages to
be used for supplying fire water from the tube not affected by the
fire. Other changes were connected with contractor’s requirement to
incorporate a specific solution to materials into the detailed design.
It was necessary to incorporate all changes in the related parts of
the construction, such as cross passages and walkways in the tunnel.

The fire water distribution pipeline in the tunnel itself is led in a
duct under the walkway. Socketed pipes made of C25 class ductile
iron with a DN 150mm diameter and PN 16 pressure class are used
for the pipelines. The outer surface of the pipes is provided with Bio
Zinalium covered with acrylic coating. The inner surface is treated
with a thermoplastic polymer. The fittings are flanged, made of C40
grade ductile iron.

To secure the water supply pipelines against freezing in winter, the
fire water supply pipelines are heated by a self-regulating resistance
cable. The pipeline in the duct is encased in thermal insulation
minimally 50mm thick. The water supply pipelines are led through
cable manholes, as well as along the drainage cleaning manholes
and, in the locations of cross passages, in DN 270 PVC protecting
pipes. In the protecting pipes, the pipeline is insulated with thermal
insulation wound around.

A total of 4 route locks (two in each tunnel tube) are installed
on the water supply routes in both tunnel tubes. They are located in
separate niches. The wet fire water supply pipeline is divided into
8 separate sections. The lengths of the individual sections do not
exceed 600m.

Fire protection niches are open and do not contain fire fighting
equipment. The equipment is stored in a cabinet in each cross
passage. A tunnel hydrant DN 80 PN 16 is installed in the niche, with
the possibility of connecting 1 x B and 2 x C fire hoses before each
flange. Tunnel hydrants DN 80 PN 16 allowing for connecting 1 x B
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Obr. 8 Operdtorské pracovisko v SSUD PreSov
Fig. 8 Operator station in the Presov Centre of Administration and Mainte-
nance of Motorways

prenosom zaznamu o velkosti tlaku v potrubi. Redukcny ventil
DN 150 ma tieto parametre: vstupny tlak 1,0 MPa, vystupny tlak
0,6 MPa, prietok 20 1/s. Zostava obsahuje lapac¢ necistot, dva ruc-
né uzdvery a dva automatické dvojfunkéné odvzdusiovacie a pri-
vzdusniovacie vzdusniky (obr. 6).

Nezavodneny poZiarny vodovod v prieCnych prepojeniach je
tvoreny potrubim DN 150 PN 16 z nehrdzavejucej ocele. Potrubie
je ulozené vo vyske 1,1 az 1,4 m nad zemou, na klznych podperach
ukotvenych do ostenia (obr. 7). Oba konce st ukonéené v tunelo-
vych rurach, tesne po prechode protipoZiarnou stenou, polspojkou
75B so zéslepkou.

ZAVER

Tunel PreSov je prvym z troch tunelov na dialnici a rychlostnych
cestach tvoriacich obchvat mesta Preov. Dalgimi tunelmi by mali
byt tunel Bikos na I. etape severného obchvatu R4, ktorého vystav-
ba v stcasnosti prebieha, a tunel Okruhliak na II. etape severného
obchvatu, kde sa oCakéva vyhldsenie verejného obstaravania. Vset-
ky tieto tunely by mali byt riadené zo strediska spravy a udrzby
Presov, kde je uz dnes pripravené operatorské pracovisko (obr. 8).
Toto by sa v budicnosti malo stat regiondlnym operatorskym pra-
coviskom, z ktorého budu riadené vSetky dialni¢né tunely regionu
vychodného Slovenska.
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and 2 x C hoses before each flange are installed in niches. A control
valve is fitted to connect the fire hose. The hydrants are protected
against freezing by thermal insulation wound around up to a height
of 400mm above the walkway. A total of 34 are installed hydrants in
fire niches in both tunnel tubes.

At both tunnel portals, there is a water taking point near the
mustering area for filling fire fighting and rescue equipment with
water required for the intervention. The filling points consist of
above-ground hydrants DN 100 PN 16 with 2 x B + 1 x A flanges
with a portable valve actuator and a separate manually controlled
shut-off valve.

With respect to the height difference between the tunnel portals
and the need for ensuring pressure in the pipeline within the range of
0.6-1.0MPa, it was necessary to divide the fire water supply system
into two pressure zones with pressure reduction in the middle of the
tunnel. Each pressure zone forms a circle. For the purpose of placing
the reduction assemblies, special rooms were built in the cross
passage PP-CH4 located approximately 1 km from the western portal
of the tunnel. The pressure reduction assembly comprises a pressure-
reducing valve allowing for measuring and remote transmission of
the pressure recorded in the pipeline. The DN 150 pressure-reducing
valve has the following parameters: inlet pressure 1.0MPa, outlet
pressure 0.6MPa, flow rate 20L/s. The assembly contains a collector
of contaminants, two manual locks and two automatic two-function
air-relieving and air-adding valves (see Fig. 6).

The wet water main in the cross passages consists of stainless
steel DN 150 PN 16 pipes. The pipeline is laid at a height of 1.1 to
1.4m above the bottom, on sliding supports anchored to the lining
(see Fig. 7). Both ends are terminated in tunnel tubes, just after the
passage through a fire break, by a half coupling 75B with a blind
flange.

CONCLUSION

The Presov tunnel is the first of three tunnels on the motorway
and express highways forming the bypass of the town of PreSov.
The Bikos tunnel on stage I of the R4 northern bypass, which is
currently under construction, the Okruhliak tunnel on stage II
of the northern bypass, where a public procurement is expected,
should follow. All these tunnels should be managed from the Presov
administration and maintenance centre, where the operator station
has already been prepared (see Fig. 8). In the future, this should
become a regional operator workplace, from which all motorway
tunnels in the eastern Slovakia region will be managed.

Ing. MILOSLAV FRANKOVSKY,
Jfrankovsky@dopravoprojekt.sk,

Ing. ADRIANA JAKUBIKOVA, jakubikova@dopravoprojekt.sk,
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FOTOREPORTAZ 20 SLAVNOSTNEHO OTVORENIA DIALNICE D1
PRESOV ZAPAD - PRESOV JUH S TUNELOM PRESOV
DNA 28. OKTOBRA 2021
PICTURE REPORT FROM CELEBRATORY INAUGURATION
OF PRESOV WEST - PRESOV EAST MOTORWAY WITH PRESOV
TUNNEL ON 28™ OCTOBER 2021

FOTO ARCHIV DOPRASTAV, AS.
PHOTO ARCHIVE DOPRASTAV, A.S.

Obr. 1 Priestor pre hosti sldvnosti na zdpadnom portdli tunela PreSov Obr. 2 Pohlad dovniitra tunela
Fig. 1 Space for guests at the western portal of the PreSov tunnel Fig. 2 A view down the tunnel
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s
Obr. 3 Otvorenia sa ziicastnili predstavitelia Stdtu, samosprdvneho kraja Obr. 4 Sldvnostné strihanie pdsky
i mesta PreSov Fig. 4 Celebratory cutting of the tape

Fig. 3 Inauguration was attended by representatives of the state

Obr. 5 Portdl juZnej tunelovej riry Obr. 6 Dialnica v smere od tunela na zdpad
Fig. 5 Portal of southern tunnel tube Fig. 6 Motorway in the south-west direction



4 SPRAVA ULOZIST
I S U RAO RADIOAKTIVNICH
0DPADU

Jak se pripravuje hlubinné ulozisté?
Jak se vybira vhodna lokalita pro jeho
umisténi? K éemu slouZi inZzenyrské
bariéry? Jak funguji loZisté, ktera uz
v Ceské republice mame? A jaky je to
pocit, kdyZ nad sebou mate 500 metr
horniny? To vSechno, a jeSté mnohem
vice, zjistite, kdyzZ se prihlasite na

5. roénik Letni $koly SURAO.

Dozvite se:
> Jak se projektuje jaderné zafizeni, které je zaroven rozsahlou podzemni stavbou.

> Jak pripravit stavbu, jejiz bezpecnost musime prokazat po milion let.

> Proc jsou horninova prostredi a pfirodni materialy klicem k dlouhodobé bezpecnosti.
> Pro¢ hlubinné GloZisté neni jenom tunel a Ze na zpGsobu jeho razby zalezi.

> Proc je navrh povrchového arealu prace nejen pro architekty.

- Jak probiha proces EIA.

> Jak se pripravuje geologicky priizkum.

- Jak se planuje rozpocet Ulozisté a jaké polozky v ném najdeme.

> Ze nenf beton jako beton a na chemii stavebnich material opravdu zaleZ.

> A proc je vyzkum a vyvoj tak dilezity.

A kromé toho sfarate do nasi specialni podzemni laboratore, navstivite jedno
z Ceskych UloZist a seznamite se i s dalsimi aspekty nejvétsiho projektu na ochranu
zivotniho prostredi nasi generace.

Ucast je zdarma. Pro mimopraZské Gcastniky zajistime ubytovani.

18.-22. cervence 2022

Jste-li studentem doktorského, magisterského, Ci 3. rocniku bakalérského
studia, zaslete nam svdj Zivotopis na kasparova@surao.cz a napiste do téla
emailu, pro¢ vas Letnf $kola SURAO zaujala a proc byste se radi zi¢astnili. PVP Bukov
Dejte nam o sobé, prosim, védét nejpozdéji do 10. kvétna 2022.
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

B Zahajeni razby prvniho tiseku vysokorychlostni Zeleznice
v UK

Ve Velké Britanii byla zahdjena stavba prvniho tseku vysoko-
rychlostni Zeleznice. Konkrétné se jedna o razbu 16 km dlouhého
tunelu, ktery prochazi kiidovymi usazeninami s hojnymi konkrece-
mi pazourku pfi nadloZi aZ 90 m.

Prvni nasazeny tunelovaci stroj pojmenovany Florence ma pri-
mér 10,26 m. Stroj dodala firma Herrenknecht a jeho primérny
denni vykon se ocekédva okolo 15 m/den. Pro vystrojeni tunelu se
pouziji Zelezobetonové segmenty vyztuZené ocelovymi dratky.
Vnitrni profil tunelu bude 9,1 m.

S mésic¢nim odstupem zahaji razbu stroj stejné konstrukce nazva-
ny Cecillia. Oba stroje jsou schopné prechazet z médu zeminového
Stitu do mddu razby s bentonitem a obracené. Razba bude probihat
nepretrzité¢ — 24 hodin denné a 7 dni tydné.

B TBM od firmy Robbins pracuje na stavbé vysokorychlost-
ni Zeleznice v Turecku

Na planované vysokorychlostni trati délky 508 km spojujici
Izmir leZici na zdpadnim pobieZi Turecka s méstem Polatli v regi-
onu Ankara nedavno zahéjil razbu 3,05 km dlouhého tunelu TBM
dodany firmou Robbins. Stroj ma pramér 13,77 m a je vybaven
fadou konstrukénich vylepseni, aby zvladl razbu ve velmi promén-
livych geotechnickych podminkach. Stroj bude prochazet piskovci,
ve kterych se oCekdva vysoky obsah Stérkovych zrn, déle jilovci
a prachovci. Vyskytovat se ob¢as budou pfitoky podzemnich vod
a horniny o nizké pevnosti (5 az 9 MPa).

B Stavba 21 km dlouhé Zeleznicni trati mezi Salcburkem
a Kostendorfem byla zadana

Rakouské spolkové Zeleznice (OBB) zadaly zakdzku na vyse
uvedenou stavbu JV spolecnosti tvofené ILF Consulting Engi-
neers a Amberg Engineering. Soucésti stavby je celkem 16,3 km
dvoutrubovych tunelll, které sestdvaji z tunelu Grafenholz délky
2 km a 14,3 km dlouhého tunelu Seekirchner. V jeho stfedni ¢as-
ti se ocekdvaji tlacivé horniny a mistné silné rozrusené flySové
vrstvy. V tsecich s nizkym nadloZim budou zastiZeny vodonosné
sedimenty. Tato rozmanitost geotechnickych podminek si vyzada
nasazeni riznych tunelovacich postupu.

B Nejdelsi norsky podmoi'sky tunel

Sprava norskych vefejnych komunikaci pozvala dodavatele, pod-
dodavatele a konzultanty na on-line informacni setkani, které bylo
zaméreno na modernizaci silnice E39 v useku Alesund-Molde. Se-
tkani se konalo 21. ¢ervna 2021.

Usek je dlouhy 75 km, propoji mésta na zapadnim pobieZi Nor-
ska a vyradi z provozu tfi privozy. Soucasti stavby bude nejdelsi
norsky podmotsky tunel dlouhy 14,5 km.

B Mimoradna udalost v Jeruzalémé

Na parkovisti jeruzalémské nemocnice se nahle vytvorila velka
jama, ve které béhem patnacti vtefin zmizely tfi automobily. Stalo
se to 7. ¢ervna 2021 a vznik jamy zfejmé souvisi s razbou tunelu
pro usek délnice €. 16, ktery ¢astecné zkolaboval pravé v blizkosti
nemocnice a jejiho parkovisté. V ramci této udalosti nebyl nikdo
zranén.



31. rocnik - €. 172022

B Skelna drt jako nahrada kameniva do stiikaného betonu

Na australské univerzité v Queenslandu se zkouma moznost na-
hradit pisek skelnou drti jako kamenivo do stiikaného betonu. Skelna
drt by se ziskdvala rozdrcenim odpadniho skla, napr. lahvi od vina.
Podnétem nahrady pisku skelnou drti je sniZovani celosvétovych z4-
sob pisku a trvaly rist jeho ceny. Podle idaji ze zminéné univerzity
cena pisku v poslednich dvaceti letech vzrostla Sestindsobné.

H Diil na polyhalit

V Tunelu ¢. 4/2019 jsme se zminili o firm¢ Strabag, kterd pra-
cuje na mimoradném dilnim projektu, ktery v anglickém Yorkshiru
pripravuje tézbu velkého loziska kvalitniho polyhalitu. Polyhalit je
hydratovany siran drasliku, vapniku a hot¢iku a jeho lozisko vzniklo
vyparenim slané vody, podobné jako kamenna siil NaCl. Polyhalit se
pouziva jako kvalitni primyslové hnojivo.

LoZisko polyhalitu ma mocnost aZ 50 m a leZi v hloubce 1600 m
pod povrchem terénu, ktery je ale soucasti chranéné prirodni loka-
lity. Pro otevieni loZiska byly vyhloubeny dvé Sachty, z nichZ jedna
bude slouZit pro svislou dopravu té¢Zzeného materidlu, nikoliv ale az
na povrch terénu. V hloubce pres 300 m bude material pfeloZen na
dopravnikovy systém, ktery bude instalovan v tunelu délky 37 km.
Ten dopravi téZeny polyhalit k ndmornimu pristavu na vychodnim
pobreZi Anglie. NeZ bude naloZen do lodi, projde polyhalit nejprve
drtickami, pak granulaci, nacez bude findlni produkt — granulat umis-
tén do skladu, odkud bude nakladan do lodi.

Stavba dolu zacala v roce 2017, ale Strabag ziskal zakazku na tu-
nel a dopravnikovy systém v roce 2018. Pro razbu je tunel rozdélen
na tfi useky priblizné délky 12 km. Razba pomoci dvou TBM probi-
ha ve vrstvé ¢erveného jilovce a musi prekonat nékolik poruchovych
z6n. Maximdlni nadloZi dosédhne 360 m.

Tunelovaci stroje dodava na stavbu firma Herrenknecht. TBM maji
vnéjsi primér 6 m, vnitini 4,9 m. Osténi ze Zelezobetonovych seg-
mentd tl. 350 mm bude vzdorovat tlaku podzemni vody az 29 bart.

Prvni TBM zahdjilo razbu v ¢ervnu 2019; do fijna 2020 postoupi-
lo 0 10,5 km. Max. denni vykon byl 52,65 m, max. mési¢ni postup
byl 1019 m. Rubanina je Cerpana na povrch mimo prostor chranéné
prirodni lokality.

B Stavba zasobovana helikoptérou

Jednim z nejhlubsich Zelezni¢nich tuneli ve Velké Britanii je pies
sto let stary tunel Cowburn, ktery podchazi planinu viesovist, ktera
je dnes pfirodni rezervaci. Tunel potfebuje rozsahlou opravu své ven-
tila¢ni Sachty. Ta byla dokoncena v roce 1896 po dvouleté vystavbe
aje 241 m hluboka. Na jejim spodnim konci je perfektné zachovana
10 m vysoka komora s kamennou obezdivkou, kterd je oznacovana
jako podzemni katedréla. Jeji osténi je mistrovskou ukazkou prace
tehdejsich kameniki. Komora zadnou rozsahlou opravu nepotiebuje.

Horsi je to s cihelnou obezdivkou télesa Sachty, kterd je také

TuNel

ukazkou dobré prace viktoridnskych zednikti. Béhem vice nez jed-
noho stoleti si v§ak podzemni voda z viesovist bohaté zasobovanych
destovymi srazkami pies obezdivku nasla cestu. Sachta dnes piipo-
mina velikou sprchu. Voda dopadajici na dvoukolejné kolejisté vcet-
né trakéniho vedeni neumozZiiuje normdlni provoz.

Pro opravu obezdivky byla v Sachté vybudovana posuvna ploSina,
ze které jsou rekonstrukéni prace véetné drenaznich svodi provadeé-
ny. S tim souvisi jedna mimoradnost — zdsobovéni sanacnich praci je
s ohledem na pfirodni rezervaci provadéno helikoptérou.

Ve vlastnim tunelu se musi udélat nové kapacitni drenaZni potrubi.
Tyto prace se provadéji v noci ze soboty na nedéli, kdy je zastaven
Zeleznicni provoz.

B Svycarsko planuje podzemni dopravu zboZi a vyrobki

Obé komory Svycarského parlamentu odsouhlasily zahdjeni pfi-
pravy sité tunell slouzicich specidln€ pro dopravu zbozi a vyrobkl
od vyrobct k zdkaznikiim. Tunely by mély propojovat vetsi mésta,
ve kterych by byly vybudovany dopravni uzly umoziiujici naloZeni ¢i
vyloZeni vozidel nebo jejich nasmérovani na odbocky z hlavni trasy.
Dopravni prostfedky budou fizeny centralné (on-line), pohybovat se
budou bez fidice. Jejich pohon bude elektricky a nakladka/vykladka
bude automatizovana. Pohybovat se budou v tunelu po tech jizdnich
pruzich a v klenbé tunelu budou jesté zavéseny tfi vysuté drahy pro
dopravu menSich zasilek.

Systém by mél snizit dopravni zatéZ pozemnich komunikaci
0 30 % a hlukovou zat€Z o 50 %.

Zahajeno bylo detailni projektovani prvnich 70 km z celkové dél-
ky sité¢ 500 km. Prvni dsek bude mit 10 dopravnich uzll a spoji Har-
kingen-Niederbipp s Curychem. Jeho vystavba by méla probéhnout
mezi 1éty 2026 a 2031.

Kompletni sit mezi bodamskym a Zenevskym jezerem s odbocka-
mi na Basel, Lucerne a Thun by méla byt dokoncena do roku 2045.

B Razici stroj do skalnich hornin pro obdélnikovy profil

Posledni inovaci firmy Robbins je razici stroj pro obdélnikovy pro-
fil pro razbu ve skalnich horninach. Jeho vodorovna fréza je schopna
razit profil 5 x 4,5 m. Stroj pracuje v nejstar§im mexickém dole na
stiibro, kde razi pristupovy tunel v andezitu a bridlicich s vyskytem
kfemenct. Doposud se pouZzivaly podobné stroje pro razbu nekru-
hovych profild v mékcich horninach, av§ak Robbins stroj oznaceny
MDM 5000 (Mine Development Machine) zkonstruoval pro razbu
ve skalnich hornindch. Jeho uspés$né nasazeni vytvorilo primat firmy
Robbins v razb& nekruhového profilu ve skalnich hornindch.

Do zéti 2021 vyrazil tento stroj pres 1700 m obdélnikového pro-
filu s maximéalnim vykonem 52 m béhem jednoho tydne a 191 m za
jeden mésic.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

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

Protoze témér vse, co bylo planovano, bylo také jiz provedeno,
tak mi@Zzeme s koncem roku 2021 s provadénim inZenyrskogeo-
logického prizkumu (IGP) pro projekt metro D zavérecné bilan-
covat.

Definitivné byly dokonceny vsechny pldnované i dodatkové

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

Because almost everything that had been planned has also been
carried out, we can take the final stock at the end of 2021 with
the execution of the engineering geological survey (EGS) for the
metro D project.

All planned and additional excavation operations necessary for
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Obr. 1 Stav dokoncenych razeb na PAD4 pri rozSifovdni profilu priizkumné
Stoly na budouci tvar prestupni chodby

Fig. 1 State of the completed excavation at PAD4 during the enlargement of
the exploratory gallery profile to the future shape of the transfer corridor

Obr. 2 Stav dokoncenych raZeb na VO-OL pri rozSirovdni profilu priizkumné
Stoly na budouci tvar dvoukolejného tratového tunelu

Fig. 2 State of the completed excavations at VO-OL during the enlargement of
the exploratory gallery profile to the future shape of the double-track running
tunnel

razby nutné pro provedeni prizkumnych praci (obr. 1, 2). V tuto
chvili je proto na vSech takto vzniklych podzemnich dilech na-
staven rezim udrzby, ktery zdkladné spliiuje vSechna poZadovana
bezpecnostni kritéria a sou¢asné umoznuje zadavateli po predani
staveni$té vybranému zhotoviteli plynule pokracovat v budovani
celého stavebniho tseku Pankrac — Olbrachtova.

Na zdkladé dokonceni IGP a vydaného pokynu byla také zaha-
jena repasportizace vSech objektl v zoné ovlivnéni realizaci, jejiz
vysledky budou soucasné slouZit i jako vychozi pasport pred vlast-
nim zahdjenim stavby doteného useku metra D.

Stéle aktivni pak zlstava provadéni geotechnického monitorin-
gu, kde probihad zejména nepfetrzité méteni a sledovani stavu na
jiZ provozované trase metra C, kterou pravé nékteré razby IGP
podchazely. V prvnich tfech mésicich tohoto roku se nakonec bu-
dou takto ziskané vysledky z méfeni zpracovéavat a vyhodnocovat
v zavérecnych zpravach.
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the survey work have been definitively completed (see Figures 1
and 2). Therefore, at the moment, a maintenance regime is set up
for all underground parts which originated in this way. It basically
meets all required safety criteria and, at the same time, allows
the contracting authority to fluently continue building the entire
Pankrac — Olbrachtova construction section after handing over the
construction site to the selected contractor.

Based on the completion of the EGS and the given instruction,
the repeated condition survey of all buildings in the zone affected
by the operations also started. Its results will also serve as a
starting result of condition survey before the actual start of the
construction of the affected section of metro.

The work on the geotechnical monitoring remains active. The
continuous measurement and monitoring of the condition on
the already operated metro line C, which some EGS excavation
activities passed under, is underway. In the first three months
of this year, the gathered measurement results will finally be
processed and assessed in final reports.

Further legislative preparation of the metro D project towards
the overall commencement of the works continues, and we can say
that, except for partial problems, successfully.

All necessary building permits for the Pankrac — Olbrachtova
section have already been secured. However, the Pankrac Society,
which filed an appeal with almost all key building permits issued,
could not reconcile with this fact. These obstructions should be
promptly, and hopefully positively for the project, solved by the
relevant ministry by the end of February 2022. With respect to
the state of ongoing appeal proceedings, the currently expected
date of the commencement of the metro I. D construction in the
Pankrac — Olbrachtova section is March 2022.

The preparation of another tender for the following section,
Olbrachtova — Nové Dvory, with the excavation of running tunnels
from Pisnice also continues. The contracting authority started this
process in the form of a preliminary market consultation (PMC)
with potential future contractors. The contracting authority will
then use the results obtained from the PMC to compile the correct
and objective tender documents and will call for bids for the
contractor for this section. The call for bids is then expected in
one of the spring months of this year, so we are still keeping our
fingers crossed for the Metro D project.

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

BLANSKO SINGLE-TRACK TUNNEL NO. 8/2;
REG. NO. 226

In September 2021, work began on the “ADAMOV —BLANSKO,
BC” construction. Its purpose is the overall reconstruction of the
trackwork and partly the bottom, partially track bed, catenary
system, bridges, tunnels, revetment walls and rehabilitation of
rock cuttings in the track section between Adamov and Blansko.
The modernization will eliminate drops in the speed limit over
the track, increase safety and reliability of operation, ensure
the necessary parameters for the operation of freight transport
and ensure barrier-free access for people with limited mobility
and orientation ability. The result will be the reduced travel
times for regional, interstate and freight trains and improved
passenger safety and comfort. The construction is carried out by
the company of OHLA ZS, a.s. being in the position of the of
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Dalsi legislativni pfiprava projektu metra D smérem k jeho cel-
kové realizaci pokracuje, a to snad miZeme fict, Ze aZ na dilci
problémy, uspé$né dal.

Vsechna potiebna stavebni povoleni pro usek Pankriac — Ol-
brachtova byla jiz zajiSténa. S touto skutecnosti se ovSem opét
neuméla smifit Pankracka spolecnost, kterd podala odvolani té-
méf do vSech stéZejnich vydanych stavebnich povoleni. Tyto ob-
strukce by mélo pfislusné ministerstvo, a doufejme, Ze pro projekt
kladn€, promptné vyfesit, a to s predpokladem do konce tnora
2022. S ohledem na stav probihajicich odvolacich fizeni je tak
dnes aktualné predpoklddanym terminem zahdjeni stavby metra
I. D v tseku Pankrac — Olbrachtova biezen 2022.

Pokracuje také pfiprava dal§iho tendru navazujiciho tdseku Ol-
brachtova — Nové Dvory s razbami tratovych tuneld z Pisnice.
Zadavatel zahdjil tento proces formou predbézné trzni konzul-
tace (PTK) s moznymi budoucimi zhotoviteli. Ziskané vysledky
z PTK potom zadavatel vyuZije pro sestaveni spravné a objektiv-
ni zadavaci dokumentace a vyhlaseni soutéZe na zhotovitele pro
tento usek. Vyhlaseni této soutéze se pak ocekava jiz v nékterém
z jarnich mésict tohoto roku, takZe projektu Metro D stile drzime
palce.

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

JEDNOKOLEJNY TUNEL BLANENSKY C. 8/2
SE.C. 226

V zari roku 2021 byly zahajeny prace na stavbé ,,ADAMOV
— BLANSKO, BC¢, jejimz tucelem je celkové rekonstrukce ko-
lejového svrsku a castecné spodku, trakéniho vedeni, mostd, tu-
nelt, zarubnich zdi a sanace skalnich zafezi na useku trati mezi
Adamovem a Blanskem. Modernizaci dojde k odstranéni propadi
tratové rychlosti, zvySeni bezpecnosti a spolehlivosti provozu, za-
jisténi potfebnych parametri pro provoz ndkladni dopravy a za-
jisténi bezbariérového pfistupu pro osoby s omezenou schopnosti
pohybu a orientace. Vysledkem bude zkraceni jizdnich Casii regio-
nalnich, mezistatnich a ndkladnich vlakd a zlepSeni bezpecnosti
a komfortu cestujicich. Stavbu realizuje spole¢nost OHLA ZS, a.s.
v pozici lidra sdruZeni spolu s firmami FIRESTA-FiSer, rekon-
strukce, stavby a.s. a TRAMO RAIL, a.s.

Z hlediska podzemniho stavitelstvi je ¢asové i technicky nej-
Hradem (uveden do provozu 1992). Jedna se o prerazbu jedno-
kolejného Zelezni¢niho tunelu celkové délky cca 560 m, z toho
razené ¢ast ma délku cca 546 m. Postupné se provadi odstrané-
ni stavajiciho Zelezobetonového segmentového osténi, rozsifeni
profilu a vybudovani nového dvouplastového osténi s vloZenou
mezilehlou izolaci (obr. 3, 4). Razba je provadéna technologii
NRTM. Pii¢ny profil vyrubu tunelu je navrZen od 65 m? pro profil
na patkach az po 75 m? v profilu se spodni klenbou. Z geologic-
kého hlediska se tunel nachézi v oblasti brnénského masivu, ktery
je budovan hlubinnymi magmatickymi horninami — granodiori-
ty. Horniny jsou nerovnomérné zvétralé, vyraznéji zvétralé jsou
predev§im podél puklin, kde mohou byt silné az zcela zvétralé
charakteru hrubozrnného pisku. Kromé granodioriti je hornino-
vé prostfedi budovano i silné tektonicky porusenymi — tektonicky
pfeménénymi horninami — mylonity zelenavé barvy s vyraznou
usmérnénou texturou a foliacnimi plochami. Z hlediska hyd-
rogeologickych poméru je prostfedi skalnich hornin puklinové

Tuel

the consortium leader, together with the companies of FIRESTA-
Fiser, rekonstrukce, stavby a.s. and TRAMO RAIL, a.s.

From the point of view of underground construction, the
reconstruction of the “new” tunnel under Novy Hrad (brought
into service in 1992) is the most time-consuming and technically
demanding object. It is a re-excavation of a single-track railway
tunnel with a total length of approximately 560m, the mined part
of which is approximately 546m long. Gradually, the removal of
the existing reinforced concrete segmental lining, the expansion
of the cross-section and the construction of a new double-shell
lining with inserted intermediate waterproofing are carried out
(see Figures 3, 4). The tunnel is being excavated using the NATM.
The tunnel excavation cross-sectional area ranging from 65m? for
the profile with footings to 75m? for the profile with the invert is
designed. From a geological point of view, the tunnel is located in
the area of the Brno Massif, which is formed by deep igneous rock
— granodiorite. The rock is unevenly weathered, more significantly
weathered, especially along joints, where it can be heavily to
completely weathered with the character of coarse-grained sand.

.-, . e o

Obr. 3 Demolice vjezdového hloubeného tunelu, ktery byl tvofen krajnim Ze-
lezobetonovym monolitickym blokem a iisekem z obetonovanych litinovych
tubingu

Fig. 3 Demolition of the entrance cut-and-cover tunnel, which is formed by
an outer reinforced concrete monolithic block and a block lined with concrete
backgrouted cast-iron segments

Obr. 4 Porovndni piivodniho profilu se segmentovym osténim a nové budova-
ného profilu zajisténého primdrnim osténim

Fig. 4 Comparison of the original profile lined with segments and the newly
built profile supported with the shotcrete primary lining




propustné. Podzemni voda komunikuje bez vzajemné souvislosti po
puklinach.

Rozpojovani hornin je provddéno mechanizované a v tvrdych
polohach s pouZitim trhacich praci a mechanickym docisténim
lice vyrubu. Rubanina i segmenty osténi jsou tfidény na mezide-
ponii stavby a ndsledné odvazeny na zpracovani do drticiho centra.
Profil tunelu neni nijak ¢lenén. V podélném sméru je vzdalenost
jednotlivych celeb (délka zédbéru) zavisla na zastiZenych geolo-
gickych podminkdach a je ur€ena vystrojovaci tfidou vyrubu, které
jsou vyprojektovany ¢tyfi. Razba tunelu probiha dovrchné od vjez-
dového portdlu P1 smérem k vyjezdovému portalu P2. Jako za-
kladni prvky vystrojeni tunelu jsou pouZity stitkany beton C 20/25
tloustky 150 a 250 mm, betonarské sit¢ 6/150 x 6/150, svorniky
typu SN, HUS nebo samozavrtné tyce typu R délky 4,0 m, ocelové
prihradové nosniky vysky 100 a 150 mm a injektované samozavrt-
né jehly R32. Rozsah pouziti jednotlivych vystrojovacich prvka
je zavisly na geotechnické prognéze stability vyrubu a vysledcich
geotechnickych méfeni na stavbe. V roce 2021 byla provedena de-
molice obou portdlovych tubusii a vyrazeno 90 m tunelu. Razby
by mély byt ukonceny v poloviné roku 2022, tunel stavebné do-
koncen do 31. 10. 2022 a tratovy provoz obnoven v prosinci 2022.

Ing. TOMAS JUST, justt@ohla-zs.cz,
OHILA 78, a.s.

STAVBA 1/42 BRNO - VMO ZABOVRESKA |
—ETAPA I

Stavba je realizovana sdruzenim firem Eurovia CS a.s., (lidr),
HOCHTIEF CZ a. s. a Subterra a.s. Razby tramvajového tunelu
a unikové Stoly byly definitivn€ ukonceny prorazkou tinikové Stoly
24. listopadu 2021.

V loiiském roce byly také dokonceny betondze sekundirniho
osténi kaloty tramvajového tunelu, a to zabetonovanim posledniho
bloku ¢. 42 dne 20. 12. 2021. Na tnikové Stole jesté pred vanoc-
nimi svatky byla provedena betonaZ sekundarniho osténi prvniho
bloku a v hloubené severni Casti se provedla betondz stropu blokl
¢. 60-62.

Po novém roce se vzhledem k navazujicim pracim zasypti mimo
tunel provedly nutné dpravy zafizeni staveniSté a zaroven byly
zabetonovany stény bloku ¢. 1. v hloubené jizni pfesypané ¢asti
tunelu.

Samozfejmé pokracuji dal§i dokoncovaci prace ve vlastnim
tunelu, kde bylo provedeno vycisténi dna a navoz Stérku frakce
16-32 mm.

Na konci ledna bude zahijena betonaz podkladnich betont
v celé délce tunelu s predpokladem dokonceni jesté do konce led-
na. V dobé vzniku této aktuality na konci ledna 2022 probihaly
prace na bednéni stropu bloku ¢. 1. hloubené jiZni ¢asti a dale na
betondzi sekundarniho osténi tinikové Stoly, kdy byly zabetoviny
bloky ¢. 4 az 7. Kompletni dokonceni betonazi sekundéarniho osté-
ni tnikové Stoly se predpokladd do poloviny tnora.

Prabézné se vSemi témito dokonCovacimi pracemi se dale reali-
zuje obsyp tunelové Casti drendze a pribézné Cisténi spar v tunelu
pro jejich nasledné tmeleni.

Predpoklad dokonceni vSech praci v tunelu, s vyjimkou vlastni
tramvajové trati, je v bfeznu leto$niho roku.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. ANDRE] KORBA, akorba@subterra.cz
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In addition to granodiorite rock types, the rock environment is also
built by heavily tectonically faulted — tectonically transformed
rock — green-colour mylonite with a distinctly aligned texture
and foliation surfaces. As far as hydrogeological conditions are
concerned, the rock environment is permeable. Groundwater
communicates along fissures, without interconnections.

Rock breaking is carried out mechanically and, in hard
rock positions, using blasting and mechanical scaling of the
excavated surface. The muck and lining segments are sorted on
the intermediate stockpile and then transported for processing
to the crushing centre. The tunnel excavation profile is not at all
divided. In the longitudinal direction, the length of excavation
rounds depends on the encountered geological conditions and
is determined by the excavation support class (four classes are
designed). The tunnel excavation proceeds uphill from the entrance
portal P1 towards the exit portal P2. The basic elements of the
tunnel excavation support comprise 150 respectively 250mm thick
layers of C 20/25 shotcrete, welded mesh 6/150 x 6/150, rock bolts
type SN, hydraulically expanded or self-drilling rock bolts type R
4.0m long, 100 respectively 150mm high lattice girders and R32
grouted self-drilling needles. The scope of the use of individual
support elements depends on the geotechnical prognosis of the
excavation stability and the results of geotechnical measurements.
In 2021, both portal tubes were demolished and 90m of the tunnel
were excavated. The excavation should be finished in the middle
of 2022, the civil engineering part of the tunnel will be completed
by 31 October 2022 and the railway operation will be resumed in
December 2022.

Ing. TOMAS JUST, justt@ohla-zs.cz,
OHLA 78, a.s.

PROJECT 1/42 BRNO - LCCR ZABOVRESKA | -
STAGE Il

The construction is carried out by the consortium consisting of
the companies of Eurovia CS a.s., (leader), HOCHTIEF CZ a. s.
and Subterra a.s. The excavation of the tram tunnel and the
escape gallery was definitively completed by the escape gallery
breakthrough on November 24, 2021.

Last year, the concreting of the secondary lining in the tram
tunnel top heading was also finished by concreting the last block
No. 42 on 20 December 2021. The concreting of the secondary
lining of the first block of the escape gallery was finished and the
roof of blocks No. 60—62 was concreted in the northern part of the
cut-and-cover tunnel prior to the Christmas holidays.

After the New Year Eve, the necessary changes in the site
accommodation were made due to the subsequent backfilling
outside the tunnel and, at the same time, the walls of block No. 1
in the southern “false” part of the tunnel were concreted.

Of course, other finishing work operations continue inside the
tunnel, where the bottom was cleaned and gravel fraction 16—
32mm was brought on it.

At the end of January, the casting of the blinding concrete layer
along the entire length of the tunnel will begin, with the assumption
of completion by the end of January. At the time of the origination
of this current news at the end of January 2022, the work on the
formwork for the roof of block No.1 of the southern cut-and-cover
part was underway and work was carried out on the concreting
of the secondary lining of the escape gallery, where blocks No.
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ZELEZNICNI TUNEL ZVEROTICE

Dvoukolejny Zelezni¢ni tunel Zvérotice délky 370 m na trato-
vém tseku Sobéslav — Doubi je soucasti IV. Zelezni¢niho koridoru
spojujiciho po dokonéeni Prahu s Ceskymi Budg&jovicemi a déle
s rakouskym Lincem. Stavba se nachazi v té€sné blizkosti mésta
Sobéslav a trasy dalnice D3.

Portalovym blokem betondZe P2 na vyjezdovém portdle byla
dne 6. 10. 2021 dokoncena betonaz osténi tunelu. Nasledné doslo
ve specidlné upraveném zarezu pred vyjezdovym portilem k de-
montaZzi bedniciho vozu. Od zahdjeni betonaze zdkladovych past
prvniho bloku betondze dne 5. 6. 2021 tak uplynulo téméf presné
16 mésict. Za tu dobu bylo na osténi pouzito celkem 8 450 m?
betonu a 1100 t vyztuZe.

V listopadu 2021 byla zahijena betonaz spadového betonu, kte-
ry chrani plan Zelezni¢niho svrsku pred degradaci vlivem proudé-
ni podzemni vody a tuto vodu v jednostranném pricném sklonu
odvadi do tunelové drenaze situované podél levého zakladového

Obr. 5 Chrdnicky kabelovodu a potrubi poZdrniho vodovodu
Fig. 5 Cable protection pipes and fire water pipeline
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4 through to 7 were carried out. The completion of concreting
of the secondary lining of the escape gallery is expected by mid-
February

Continuously, along with all this finishing work, the tunnel part
of the drainage and the continuous cleaning of the joints in the
tunnel for their subsequent sealing are also being carried out.

All work in the tunnel, with the exception of the tram track
itself, is expected to be completed in March 2022.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. ANDRE] KORBA, akorba@subterra.cz

ZVEROTICE RAIL TUNNEL

The 370m long double-track rail tunnel in the Sobéslav — Doubi
track section is part of Railway Corridor No. 4, which will, after
completion, link Prague with Ceské Budg&jovice and further with
Linz, Austria (see Fig. 4). The
construction is located near the town
of Sobéslav and the D3 motorway
route.

On 6 October 2021, concreting
of the tunnel lining was completed
by the completion of the P2 portal
concrete casting block at the exit
portal. Subsequently, the formwork
traveller was dismantled
specially modified cutting in front
of the exit portal. Almost exactly
16 months have passed since the
start of concreting the strip footing
of the first concrete casting block
on 5 June 2021. During that time,
a total of 8,450m> of concrete and
1,100t of concrete reinforcement
were used on the excavation lining.

In November 2021, the casting of
sloped blinding concrete started. It
protects the track formation from
degradation due to groundwater

in a

Obr. 6 Gabiony na vjezdovém portdle
Fig. 6 Gabions at the entrance portal

flow and evacuates this water on a
one-sided transverse slope into the
tunnel drainage running along the
left-hand strip footing of the lining.
In December 2021, the entire length
of the cable duct under the service
walkway on the left-hand side of
the tunnel was completed, and in
January 2022 work is underway
on the installation of protection
pipes and the fire protection system
pipeline under the service walkway
on the right-hand side of the tunnel
(see Fig. 5). Independently of the
climatic conditions, work on the
fastening elements of the catenary
at the top of the tunnel vault is also
underway inside the tunnel.

In contrast to the work inside
the tunnel, the backfilling, which




pasu osténi. V prosinci 2021 byl v celé délce dokoncen kabelovod
pod sluZebnim chodnikem na levé strané tunelu a v lednu 2022
probihaji prace na montdzi chranicek a potrubi poZirniho vodo-
vodu pod sluzebnim chodnikem na pravé strané tunelu (obr. 5).
Nezavisle na klimatickych podminkédch probihaji uvnitf tunelu
i prace na upeviiovacich prvcich trakéniho vedeni ve vrcholu klen-
by tunelu.

Na rozdil od praci uvnitf tunelu prace na zasypech, které po-
stupuji smérem od vjezdového k vyjezdovému portalu, zimni ob-
dobi vyrazné omezuje a v pribéhu ledna a zacatku tnora 2022
musely byt uplné zastaveny. Po zlepseni klimatickych podminek
budou spolecné se zasypavanim portalovych tsekt tunelu prova-
dény gabionové zdi, které jsou soucasti portalovych svaht. Ne-
zavisle na pocasi probiha vystavba gabionovych zdi pted vjezdo-
vym portdlem, které stabilizuji skalni zafez trat€ na levé strané
tunelu a skalni zafezy, které ohranicuji nastupni plochu pro sloz-
ky integrovaného zachranného systému na pravé strané tunelu
(obr. 6).

Stavbu tunelu provadi subdodavkou firma HOCHTIEF CZ a. s.
pro ,,Sdruzeni Sobéslav — Doubi* tvofené firmami STRABAG a.s.,
EUROVIA CS, a.s. a Metrostay a.s. Autorem realiza¢ni dokumen-
tace tunelu je firma SAGASTA s.r.o.

Ing. LIBOR MARIK, SAGASTA s.r.o.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Biko$

Po uvedeni useku dialnice D1 s tunelom PreSov do prevadzky
v oktobri 2021 pokracuju prace na druhej Casti obchvatu mesta,
ktory tvori 4,3 km dlhy tsek rychlostnej cesty R4 Presov, severny
obchvat, 1. etapa. Jeho stcastou je aj tunel Biko§ dizky 1155 m.

V januari 2022 pokracuji prace betondzou sekundarneho oste-
nia v pravej tunelovej rire, kde je realizovanych 48 blokov. Ho-
tové je sekunddrne ostenie v lavej tunelovej rire, ako aj nosné
konstrukcie hibenych tunelov na juznom portali. V Tavej tunelove;j
rire prebieha pokladka Strbinovych Zlabov odvodnenia vozovky
a obrubnikov. Cielom je realizicia vozovky v oboch tunelovych
rurach v jesennych mesiacoch tohto roku a zaciatok montaZi tech-
nologického vybavenia tunela v auguste.

Okrem préc v tunelovych rirach prebieha v sicasnosti vystavba
technologickej centraly na juZznom portali tunela.

Zhotovitelom stavby je zdruZenie spolo¢nosti Vdhostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej
uvedenie do prevadzky sa oCakava v jili 2023.

Tunel Cebrat

Razenie v oboch rirach tunela Cebraf na tseku dialnice D1
Hubovéa — Ivachnova pokracuje v smere od vychodného portalu.
V juznej tunelovej rare je vyrazenych 3547,5 m v kalote, ¢o zna-
mend, Ze na prerazenie ostava 77,5 m. Z vychodnej strany sa bude
razit eSte cca 25 m, v zavere razenia sa pristipi k rozSireniu profilu
a zrealizuje sa mikropilotovy dazdnik. V severnej tunelovej rire
je vyrazenych 3482 tm, na prerazenie ostava 136 m. Z vychodnej
strany bude razenie realizované az po prvy mikropilotovy dazdnik.
V oboch rirach sa razi vo vystrojovacej triede VT 7 s ochranou
stropu tvorenou IBO kotvami dizky 8 m a ocelovymi ihlami profilu
R51. Profil tunela je uzatvoreny protiklenbou. Krok razenia je 1 m.

V oboch tunelovych rurach okrem profilacie a pripadnych

31. rocnik - €. 1/2022

proceeds from the entrance to the exit portal, is significantly
restricted by the winter period and had to be stopped completely
during January and early February 2022. After the climatic
conditions have improved, gabion walls, which are part of the
portal slopes, will be built together with the backfilling of the
portal sections of the tunnel. Independently of the weather, gabion
walls are being built in front of the entrance portal to stabilise
the rock cutting on the left side of the tunnel and rock cuttings
bordering the mustering area for components of the integrated
rescue system on the right-hand side of the tunnel (see Fig. 6).

The tunnel construction is being carried out by HOCHTIEF
CZ a. s., a sub-contractor for the ,,Sdruzeni Sobéslav — Doubi*
consortium consisting of the companies of STRABAG as.,
EUROVIA CS, A.S., and Metrostav a.s. The company of
SAGASTA is the author of the design of means and methods for
the tunnel (the so-called execution design).

Ing. LIBOR MARIK, SAGASTA s.r.o.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Bikos tunnel

After the commissioning of the D1 motorway section containing
the Presov tunnel in October 2021, work continues on the second
part of the town by-pass, forming a 4.3km long section of the R4
PreSov express highway, northern by-pass, stage I. The 1155m
long Bikos tunnel is also its part.

In January 2022, work continues on concreting the secondary
lining in the right-hand tunnel tube, where 48 concrete casting
blocks have been finished. The secondary lining in the left-hand
tunnel tube has been finished, as well as the load-bearing structures
of the cut-and-cover tunnels at the southern portal. In the left-hand
tunnel tube, slotted drains evacuating water from the roadway and
kerbs are being laid. The objective is to carry out the roadway in
both tunnel tubes in the autumn months of this year and to start the
installation of the tunnel equipment in August.

In addition to the work inside the tunnel tubes, the construction
of a technical centre at the southern portal of the tunnel is currently
underway.

The contractor for the construction is a consortium consisting
of the companies of VAHOSTAV SK, a.s and TuCon, a.s. The
expected completion of the express highway and its commissioning
is expected in July 2023.

Cebrat tunnel

Excavation in both tubes of the Cebrat tunnel located in the
Hubova — Ivachnova section of the D1 motorway continues in the
direction away from the eastern portal. In the southern tunnel tube,
3547.5m of the excavation have been finished in the top heading,
which means that 77.5m remain to the breakthrough. Final 25m
long section of the tunnel will be excavated from the eastern
side; at the end of the excavation, the profile will be enlarged and
canopy tube pre-support will be installed. In the northern tunnel
tube, excavation of 3482m of the tunnel have been finished, 136m
remain to the breakthrough. From the eastern side, the excavation
will be carried out up to the first canopy tube pre-support. The
excavation passes in both tubes through excavation support class
VT 7 with the upper vault protection consisting of 8m long IBO
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reprofilacii primarneho ostenia pre-
biehaju priace na sekunddrnom os-
teni. V juZnej rdre sd zrealizované
cca dve tretiny dizky zdkladovych
pasov a protiklenieb. Pocas druhé-
ho januarového tyzdna sa v juznej
rire uspeSne rozbehla aj betonaz
hornych klenieb. V severnej rure je
zrealizovand cca polovica zdklado-
vych pasov. Na zaciatku tunela si uz
pripravené bloky pre betondz hornej
klenby, zaizolované, vyarmované.

Portdlovd jama na zapadnom
portali tunela intenzivne rastie. Za-
istenie svahov v oblasti budicich
tunelovych rar dosiahlo 12. rad, ¢o
je 4. kotevna trovei. Uvodné dvoj-
radové mikropilotové daZdniky su
zrealizované (obr. 7). Po vybudova-
ni predstitkov bude moZné spustit
razenie aj zo zépadnej strany.

Dialni¢ny dsek s tunelom Cebrat
by mal byt dokonceny a odovzdany
verejnosti na pouzivanie na konci
roku 2023. Zhotovitelom stavby je zdruZenie spolo¢nosti OHLA
78S, a.s. a Vahostav-SK, a.s.

Tunel Visiiové

Tunel Visiiové s celkovou dizkou 7 450 m a s dvomi tunelovymi
rdrami sa buduje na iseku dialnice D1 Lietavska Lucka — Vistiové
— Dubna Skala. Nachddza sa na uzemi pohoria Mala Fatra, pri-
¢om jeho vychodny portdl je vyusteny v katastralnom tizemi obce
Vritky a zdpadny portdl sa nachddza v katastradlnom tzemi obce
Visnové. Stucastou tunelovych objektov je aj odvodiiovacia $toliia,
ktora je umiestnend v osi dialnice a odvadza horninovi vodu na
vychodny portal.

Spoloc¢nost Skanska, ktord po preruseni prac realizuje dostavbu
tunela, v tomto obdobi koncentruje stavebné kapacity na profilaciu
primdrneho ostenia tunelov a priecnych prepojeni. Celkovo bolo
v Spicke nasadenych 8 striekacich strojov typu Meyco. Na vset-
kych stavebnych sekcidch st vykondvané izolatérske prace, beto-
naz zakladovych pdsov vratane rubovej drendze. BetondZ hornej

Obr. 8 Priprava betondZe ostenia v niidzovom zdlive tunela Visiiové
Fig. 8 Preparation of concreting the lining in emergency lay-by in the Visiiové
tunnel

Obr. 7 Zdpadny portdl tunela Cebrat
Fig. 7 Western portal of the Cebrat tunnel

anchors and R51profile steel needles. The tunnel profile is closed
by an invert. The excavation round is 1m long.

In both tunnel tubes, in addition to the profiling and possible
reprofiling of the primary lining, work on the secondary lining
is underway. Approximately two thirds of the length of the
foundation strips and inverts have been finished in the southern
tube. During the second week of January, the concreting of the
upper vaults also started successfully in the southern tube. About
half of the foundation strips has been finished in the northern
tube. At the beginning of the tunnel, blocks are already prepared
for concreting the upper vault. The waterproofing and concrete
reinforcement installation has been completed.

The portal pit at the western portal of the tunnel is growing
intensely. The stabilisation of the slopes in the area of the future
tunnel tubes has reached the 12" row, which is the 4" anchoring
level. The initial two-row canopy tube pre-support sets have been
completed (see Fig. 7). After building the pre-tunnel canopy, it
will be possible to start excavation from the western side.

The motorway section containing the Cebrat tunnel should be
completed and handed over to the public for use at the end of
2023. The contractor for the construction is a consortium formed
by the companies of OHLA ZS, a.s. and VAHOSTAV SK, a.s.

Visiiové tunnel

The twin-tube Visiiové tunnel with a total length of 7450m is
being built in Lietavskd Lucka — ViSiové — Dubnd Skala section
of the D1 motorway. It is located in the area of the Mald Fatra
mountain range, while its eastern portal emerges in the Vritky
municipality cadastral district and the western portal is located
in the cadastral district of the municipality of Visiiové. The tunnel
objects also include a drainage gallery, which is located on the
axis of the motorway and evacuates groundwater to the eastern
portal.

The Skanska company, which is completing the tunnel
construction after the interruption of work, is concentrating
construction capacities in this period on profiling of the primary
lining and cross passages. A total of 8 Meyco spraying machines




klenby je aktuélne realizovana piatimi debniacimi vozmi v tunelo-
vych rurach a dvomi vozikmi v prie¢nych prepojeniach. Spotreba
beténovych zmesi je na urovni cca 500 m3 denne. K zdsobovaniu
stavby beténom sliZia tri vyrobne, kde st nainstalované mieSacie
jadra s objemom 3 m3. Vdaka aktudlnemu nasadeniu technickych
a Tudskych zdrojov bola v prvej dekade mesiaca februar pokore-
na hranica 50 percent celkového poctu zabeténovanych blokov
hornych klenieb. S postupom betondze v tunelovych rurach su
priebezne beténované aj nudzové zdlivy (obr. 8). Aktudlne je za-
beténovanych pit zalivov z celkového poctu dvadsat. Zhotovitel
disponuje Styrmi kompletmi pridavného debnenia na betonaz nud-
zovych zélivov. V odvodiiovacej §t0lni sa realizuje vypli geotech-
nickych rozrazok vypliiovou cemento-popolcekovou zmesou.

Z novych Cinnosti, ktoré sa zacali nedavno realizovat, je to hlav-
ne odfazba a docistovanie dna tunela a priprava plane pod kon-
Struk¢né vrstvy vozovky v usekoch s ukoncenymi betondrskymi
pracami (obr. 9). V zmysle technicko-kvalitativnych podmienok
bolo mozné po dosiahnuti predpisanych 56 dni zacat s betondZou
vrchlikov na novovybudovanych hornych klenbach.

Z vicsej Casti bola dokoncena diagnostika hotovych konstrukcii
drenaZneho systému. Analyzuje sa rozsah potrebnych oprav a na-
vrhnutych rieSeni na odstrdnenie nedostatkov.

Kolektiv riadiacich pracovnikov spolo¢nosti Skanska celi ob-
rovskej vyzve, ktorou je koordinicia nasadenych kapacit a jednot-
livych technoldgii tak, aby boli optimdlne vyuzité a dosahovali
pozadovany vykon. Na realizaciu sa pripravuji dalSie Cinnosti,
ako je oprava drendzneho systému, osddzanie obrubnikov a Strbi-
novych Zlabov, poklddka konStrukénych vrstiev vozovky vratane
odvodnenia plane. StubeZne je potrebné vykonavat aj sana¢né pra-
ce na kozmetike beténov hornych klenieb.

Obr. 10 Unikovy vychod 7 tunela Milochov
Fig. 10 Escape exit from the Milochoy tunnel
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Obr. 9 Upravy dna v tuneli Vistiové
Fig. 9 Work on the bottom of the Visiiové tunnel

were used during the peak period. Insulation of waterproofing and
concreting of strip footings, including drainage at the external
surface, are being carried out in all construction sections. The
concreting of the upper vault is currently being carried out using
five formwork travellers in tunnel tubes and two travelling forms
in cross passages. Consumption of concrete mixtures is at the
level of about 500m? per day. Three production plants, where 3m?3
mixing cores are installed, are used to supply the construction
with concrete. Owing to the current use of technical and human
resources, the limit of 50 percent of the total number of completed
upper vault concrete blocks was broken in the first decade of
February. During the advancing process of concreting inside
tunnel tubes, emergency lay-bys are also continuously concreted
(see Fig. 8). Currently, concreting of five lay-bys out of a total
of twenty are finished. The contractor has four sets of additional
formwork for concreting emergency lay-bys available. In the
drainage tunnel, geotechnical tunnel stubs are being filled with a
cement-fly ash mixture.

Among the new activities that have recently started, it is
mainly the excavation and finishing of the tunnel bottom and
the preparation of the surface under the structural layers of the
roadway in the sections where concreting has been finished (see
Fig. 9). In the meaning of technical specifications, it was possible
to start concreting the tops of the newly constructed upper vaults
after reaching the prescribed limit of 56 days.

For the most part, the diagnostics of the finished structures of
the drainage system has been finished. The scope of necessary
corrections and proposed solutions to eliminate deficiencies is
being analysed.

Skanska‘s management team faces a huge challenge lying in
the coordination of deployed capacities and individual equipment
sets so that they are optimally used and achieve the required
performance. Other activities are being prepared, such as repair
of the drainage system, installation of kerbs and slotted drains,
placing of structural layers of the roadway, including drainage of
the sub-grade surface. It is necessary simultaneously to perform
rehabilitation of the cosmetics of the concrete of the upper vaults.

TUNNELS ON RAILWAY NETWORK

Milochov tunnel

At the end of December 2021, we gave a nice gift on the Slovak
railways to us. The Milochov tunnel was successfully prepared in
terms of construction and equipment that common operation could
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TUNELY NA ZELEZNICNEJ SIETI

Tunel Milochov

Koncom decembra 2021 sme si darovali na slovenskych Zelez-
niciach pekny darcek. Podarilo sa stavebne i technologicky pripra-
vit tunel Milochov tak, Ze sa cez neho po jednej kolaji spustila
ostra prevadzka (obr. 10). Tak sa na koridore Bratislava — Zilina
po tuneloch Turecky Vrch a Diel sprevadzkoval treti tunel. Prejazd
tunelom Milochov je moZné si pozriet na zizname MDV SR na
Youtube pod nazvom ,,Prejazd tunela Milochov — Train ride cab
view*. Plnd prevadzka v tuneli aj po druhej kolaji je zavisla od
pripravenosti prepojenia starej trate s novou mimo oblasti tunela,
¢o sa predpoklada na jar tohto roka.

Tunel Milochov je, ¢o sa tyka stvarnenia jeho portdlov, vyni-
mocnd, technicky naro¢nd a stvarnenim pekna stavba. Oba portd-
ly st v blizkosti obsluznej komunikacie z Povazskej Bystrice do
Dolného Milochova a preto kazdému, kto ma rad dopravné stavby
a pdjde okolo, odporic¢am sa tam zastavit.

Stavbu tunela realizovala spolo¢nost Subterra a.s. a generdlnym
projektantom pre investora Zeleznice Slovenskej republiky bola
spolo¢nost REMING CONSULT a.s.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.
Ing. IVAN MICHALE, Vihostav-SK, a.s.

Ing. VLADIMIR KOTRIK, Skanska SK a.s.

Ing. JAN KUSNIR, MDV SR

Tuel

commence through it on one track (see Fig. 10). It means that the
third tunnel was brought into service on the Bratislava — Zilina
corridor, after the Turecky Vrch and Diel tunnels. The passage
through the Milochov tunnel can be viewed on the Ministry of
Transport and Construction of the Slovak Republic record on
Youtube under the title “Passage through Milochov tunnel — Train
ride cab view”. The full traffic in the tunnel also on the second
track depends on the preparedness to connect the old track with the
new track outside the tunnel area, which is expected in the spring
of this year.

In terms of its portals design, the Milochov tunnel is an
exceptional, technically demanding and beautiful structure. Both
portals are in the vicinity of a service road from PovaZska Bystrica
to Dolny Milochov, therefore I recommend that anyone who likes
traffic structures and will drive by should stop there.

The construction of the tunnel was carried out by Subterra a.s.
and REMING CONSULT a.s. was the general designer for the
project owner, Railways of the Slovak Republic.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.
Ing. IVAN MICHALE, VAHOSTAV SK, a.s.

Ing. VLADIMIR KOTRIK, Skanska SK a.s.

Ing. JAN KUSNIR, MDV SR

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S ZELEZNICNiMI TUNELY V RAKOUSKU — TUNELY NA MARIAZELLERBAHN

A PAR OBRAZKU NAVIC

PICTURE POSTCARDS WITH RAILWAY TUNNELS IN AUSTRIA - TUNNELS
ON MARIAZELLERBAHN AND SEVERAL PICTURES IN ADDITION

This part of picture postcards is dedicated to tunnels on the Maria-
zellerbahn rail line. As early as the 19" century, Mariazell with a
Marian shrine was the largest pilgrimage site in Austria-Hungary.
For that reason, the construction of a rail line from Sankt Polten
(now the capital of the state of Lower Austria) to Mariazell has also
been considered since the opening of the Western Rail line in 1858.
The difficult mountainous terrain predestined the narrow gauge rail
line here. For these railways, the Austro-Hungarian military admini-
stration usually specified a track gauge of 760mm. In July 1896, the
concession was granted for the formally independent local railway
company St. Polten — Kirchberg an der Pielach — Mank. In the same
year, the Lower Austrian State Railway Authority, later the Lower
Austrian State Railways, commenced the construction. The railway
from St Polten to Kirchberg with a turnoff to Mank was inaugurated
on July 4, 1898. In 1905 the rail line from Pielachtal to Lauben-
bachmiihle was completed and on August 5, 1905 the section Mank
— Ruprechtshofen followed. From the three variants of continuation
to Mariazell, the variant leading in geologically more favourable
conditions and thus containing the shortest length of tunnels was
chosen. In 1906, this mountainous line was completed so much that
freight transport to Mariazell could begin, and, on May 2, 1907,
passenger transport was also opened; in the summer of the same

year, the rail line to GuBwerk, built under pressure from Styria,
was also put into operation. Between 1907 and 1911, work was un-
derway on electrification. At that time it was the longest electrified
track in the world. There are a total of 21 single-track tunnels on the
Mariazellerbahn (with a total line length of 84.23km); all of them
are in Lower Austria. The total length of the tunnels amounts to
4,573.60m (from the shortest Natters with the length of 29.65m up
to the 2,369.46m long Gosing tunnel). There are six picture post-
cards with local tunnels in authors* collections, see Fig. 1-6.

This part of the series contains three more postcards. The Mittel-
gebirgsbahn (see Fig. 7) in Innsbruck is also called by local people
the Igler or Sechser, and it is nothing else than the local tram line
No. 6. The regional historic line with a gauge of 1,000mm and a
length of only 8,362km was originally licensed as a railway. It leads
near the south-eastern edge of the city, in the low mountains that
gave the railway its name.

The Ausserfern Railway (AuBerfernbahn, see Fig. 8) is a cross-
border single-track, standard track gauge, connecting at the length of
93,920km and a maximum gradient of 37.5 %o Tyrol with Bavaria.
It leads from Kempten (Austria) via Pfronten, Reutte to Garmisch-
Partenkirchen (Germany). It is named after the AuBerfern (in the Ty-
rolean dialect it is an ascent to the Fern Pass).




The Pyhrn Railway (Pyhrnbahn, see Fig. 9) passes through a large
part of the federal states of Upper Austria and Styria (on the Linz
— Rohr-Bad Hall — Selzthal route) and the OBB therefore ranks it
as a backbone network. The Linz-Klaus section was originally only
a local private railway operated by the Kremsthalbahn, and it was
not until 1901-1906 that the state connected it via the Pyhrnbahn.
Together with the Tauern, Karawan and Wocheiner railways, the
Gorizia-Trieste line and the Wechselsk line, the last gaps in Aus-
tria‘s main railway network have thus been closed.

Tunely na Mariazellerbahn

Jiz v XIX. stoleti bylo Mariazell ve Styrsku s marianskou svatyni
nejvétsim poutnim mistem v Rakousku-Uhersku. Proto se od ote-
vieni Zapadni drahy v roce 1858 uvazovalo také o stavbé Zeleznice
ze Sankt Polten (dnes hlavni mésto spolkové zemé Dolni Rakousy)
pravé do Mariazell.

Obtizny horsky terén zde predurcil uzkokolejku. U téchto Zeleznic
byl v Rakousku-Uhersku vojenskou spravou obvykle specifikovan
rozchod koleje 760 mm. V piipadé potieby totiz méla byt povola-
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= Maria Zeller-Bahn,
ey dehwarzenbach-Tunnel.

Obr. 1 Mariazellerskd drdha. Tunel Schwarzenbach. Kolorovand fotografie.
B.K.W.1. 1909 [sbirka autorii].

Dnes je tunel pojmenovany Schonau. Na pohlednici tunel vychdzi dosud nevyz-
denym jiznim portdlem (od nddraZi Frankenfels) na 20 m dlouhy most pres reku
Pielach.

Fig. 1 Mariazellers railway. Schwarzenbach Tunnel. Coloured photograph.
B.K.W.I. 1909 [authors’ collection].

Today the tunnel is named Schonau. On the picture postcard, the tunnel emerges
through a still unconstructed southern portal (viewed from Frankenfels station),
passing to a 20m long bridge over the river Pielach.
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Maria Zeller-Bahn.
Gising: Tunnel.

Obr. 2 Mariazellerskd Zeleznice. Tunel Gosing. ? Okolo 1910 [sbirka autorit].
Novotou dosud zdrict jizni portdl nejdelsiho tunelu drdhy (od nddraZi Gosing).
Fig. 2 Mariazell railway. GosingTunel. ? About 1910 [authors’ collection)].
The southern portal of the longest railway tunnel (viewed from Gosing station)
still shining with novelty.

na vozidla tohoto rozchodu k vojenské sluzbé na Zeleznici v Bosné
a Hercegoviné.

V cervenci 1896 byla udélena koncese pro formalné nezavislou
spolecnost mistni drahy St. Polten — Kirchberg an der Pielach —
Mank. V témze roce zah4jil stavbu Dolnorakousky stitni Zeleznic¢ni
titad, pozdg&jsi spole¢nost Dolnorakouské stitni drahy. Zeleznice
ze St. Polten do Kirchbergu s odbockou na Mank byla oteviena
4. 7. 1898. Roku 1905 byla dokoncend trasa z Pielachtal do Lau-
benbachmiihle a 5. 8. 1905 tsek Mank — Ruprechtshofen.

Ze tii variant pokracovani do Mariazell byla vybrana ta, ktera
vedla v geologicky priznivéjSich pomérech a méla tak i nejkratsi
délku tunelti. Roku 1906 byla tato horska cesta dokonéena natolik,
Ze mohla byt zahdjend nakladni doprava do Mariazell a 2. 5. 1907
byla oteviend i doprava osobni; v 1ét€ téhoZz roku byla zprovoznéna
také trat do GuBwerk, postavend na natlak Styrska. V letech 1907
az 1911 probihaly prace na elektrizaci, kdyZ ve své dobé §lo o vi-
bec nejdelsi elektrizovanou drahu na svété. Dalsi plany na prodlou-
Zeni dréhy pres Styrsky Seeberg, stejné jako spojeni s Thorlerbahn
a Styrskou Zelezni¢ni siti vzaly za své s vypuknutim prvni svétové
vélky. Stejné tak se neuskutecnilo napojeni na Ybbstalbahn.

Od 12. 12. 2010 je vlastnikem a provozovatelem Mariazeller-
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bahn — nejdelsi uzkokolejky v Rakousku — spolecnost Nieder-
osterreichische Verkehrsorganisationsgesellschaft (NOVOG) [1].

Na Mariazellerbahn je (pfi délce drahy 84,23 km) celkem 21
jednokolejnych tuneld; vSechny se nachazeji v Dolnim Rakous-
ku. Jejich souhrnné délka ¢ini 4 573,60 m (od nejkratSiho Natters
$ 29,65 m aZ po 2 369,46 m dlouhy tunel Gosing) [2, 3]. Ve sbir-
kach autort se nachézi Sest pohlednic se zdejsSimi tunely. Brano od
severu, tedy od St. Polten, jsou to:

* Tunel Schonau — na draze Ctvrty, s 61,45 m typicky kratky
tunel, mezi nddrazim Schwarzenbach an der Pielach (zdroj pu-
vodniho pojmenovani) a mostem pres feku Pielach — obr. 1.

* Tunel Gosing — na trati dvanicty, a s 2 369,46 m také nej-
del$i. Nachazi se mezi zastavkou Brandeben a nadraZzim Go-
sing (obr. 2). V tunelu je také nejvyssi bod celé drahy, s kdtou
891,6 m n. m.

* Tunel GroBler Klausgraben — na trati ¢trnacty, dl. 102 m —
obr. 3. Nachdzi se mezi zastadvkou Wasserlochhédusl a 116 m
dlouhym stejnojmennym viaduktem.

Mariazeller Bahn, Unwell Gdsing.

Obr. 3 Mariazellerskd Zeleznice. Nedaleko Gosing. No. 728/30. Kunstverlag
S. Frank, Graz. 1907-08 [sbirka autori].

Jde o jihovychodni usti tunelu Grofier Klausgraben od nddrazi Annaberg, za-
tim bez vyzdéného portdlu. Vpravo dole je poziistatek zarizeni stavenisté tunelu
a navazujictho 116 m dlouhého Klausgrabenského viaduktu. Lokalita se nachdzi
cca 5 km jizné od Gosing.

Fig. 3 Mariazell railway. Near Gosing. No. 728/30. Kunstverlag S. Frank,
Graz. 1907-08 [authors’ collection].

It is the south-eastern mouth of the Grofer Klausgraben tunnel viewed from
Annaberg station, without a masonry portal yet. At the bottom right there are
the remains of the tunnel construction site arrangement and the adjoining 116m
long Klausgraben viaduct. The location is about Skm south of Gosing.

Obr. 4 Mariazeller-Bahn. Pruraz skdlou u Annabergu. Kolorovand fotografie.
Nr. 728/27 Kunstverlag S. Frank, Graz. 1907-08 [sbirka autorii].
Severozdpadni vstup do krdtkého tunelu Reithmauer od nddrazi Gosing. Tunelu
zatim schdzi (pozdéji dozdény) portdl.

Fig. 4 Mariazeller-Bahn. Rock breakthrough near Annaberg. Coloured photo-
graph. No. 728/27 Kunstverlag S. Frank, Graz. 1907-08 [authors’ collection].
North-western entrance to the short Reithmauer tunnel viewed from Gosing sta-
tion. The (later completed) masonry portal is still missing.

e Tunel Reithmauer - Sestnicty na trati, typicky kratky
(63,14 m), mezi nadrazimi Gosing (resp. jeSté kratSim tunelem
— 35,40 m — Kleiner Klausgraben) a Annaberg — obr. 4.

e Tunnel GroBer Zinken — dvacéty a rovnéz kratky (68,53 m)
—obr. 5, ve velmi rychlém sledu mezi tunelem Kleiner Zinken
a naslednym tunelem Erlaufklause.

e Tunel Erlaufklause — pred zastivkou Erlaufklause, na trati
dvacaty prvni (obr. 6) a tudiZ posledni, tésné pred Mariazell,
dlouhy 111,16 m.

Tunel Amraser v Innsbrucku

Mittelgebirgsbahn v Innsbrucku nazyvaji mistni také Igler nebo
Sechser a nejde o nic jiného neZzli o linku zdejsi tramvaje ¢. 6. Re-
gionalni historicka drdha o rozchodu 1 000 mm a délce pouhych
8,362 km byla pfitom pivodné licencovana jako vlak. Vede pfi ji-
hovychodnim okraji mésta, v nizkém pohofi, které dalo Zeleznici
jméno. Trasa byla oteviena 27. 6. 1900 a od té doby spojuje ctvrt
Wilten v Innsbrucku s vesnicemi Aldrans, Lans, Sistrans a Igls.
V letech 1930-36 byla parni trakce nahrazend elektrickou. Dnes




Obr. 5 Mariazellerbahn. V Zinken. Kombinace fotografie a kresby? Karte
Nr. 716. Verlag Wien VIII. Floriangasse 39. Okolo 1910 [sbirka autorit].
Velmi pravdépodobné jde o jizni portdl tunelu Grofier Zinken od nddraZi Erlauf-
klause. Dramatickd piirodni scenérie je ziejmé umélecky dotvorend. Pohlednice
byla vydand ve prospéch ,, Verein fiir das Deutschtum im Ausland — Spolku pro
Némce v zahranici“ a nese proto symbol této organizace.

Fig. 5 Mariazellerbahn. V Zinken. Combination of photograph and draw-
ing? Karte Nr. 716. Verlag Wien VIII. Floriangasse 39. About 1910 [authors’
collection].

This is most likely the southern portal of the Grofier Zinken tunnel viewed from
Erlaufklause station. The dramatic natural scenery is probably artistically com-
pleted. The picture postcard was issued in favour of “Verein fiir das Deutschtum
im Ausland — Association for Germans Abroad” and therefore bears the symbol
of this organisation.

je z diive duleZitého prostfedku mistni dopravy viceméné vyletni
vlacek do méstské rekreacni oblasti.

Na trase se nachazi dva velmi kratké jednokolejné tunely — Igler
Strae (29 m) a raZeny tunel Amraser (dlouhy pouhych 19 m) —
obr. 7 [4, 5].

Tunel Lermoos ha AuBerfernské draze

Ausserfernska draha (AuBerfernbahn) je preshrani¢ni jednoko-
lejna draha standardniho rozchodu, spojujici v délce 93,920 km
a pfi maximdlnim sklonu 37,5 %o Tyrolsko s Bavorskem. Vede
z Kemptenu (AT) ptes Pfronten, Reutte do Garmisch-Partenkirche-
nu (DE). Je pojmenovana po AuBerfernu (v tyrolském dialektu jde
o vystup do prismyku Fern).

Vroce 1895 byl otevieny prvni usek do Pfronten-Riedu, 1905 pro-
dlouzZeni do Schonbichlu (Vils) a Zelezni¢ni trat tak byla postupné
otevirand az do 29. 5. 1913. Spojuje AuBerfern s Mittenwaldbahn
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Obr. 6 Mariazellerskd drdha. Viadukt a tunel v Zinken. Nr. 728/19. Kunstverlg
S. Frank, Graz. 191011 [sbirka autorii].

Ve skutecnosti jde o severni portdl posledniho tunelu trati — Erlaufklause, a to od
zastdavky Wienerbruck-Josefsberg.

Fig. 6 Mariazeller railway. Viaduct and tunnel in Zinken. No. 728/19. Kunst-
verlg S. Frank, Graz. 1910-11 [authors’ collection].

In reality, it is the northern portal of the last tunnel on the rail line — Erlaufklause,
viewed from the Wienerbruck-Josefsberg intermediate station.

a déle Mnichov — Garmisch-Partenkirchen na vychodé a Buchloe —
Lindau s Illertalbahn na z4padg. Zeleznice byla jiZ od po¢itku mezi
Garmisch-Partenkirchenem a stitni hranici elektrifikovana.

V roce 2003 povéfila spolkova zemé Tyrolsko spolecnost DB
Regio vedenim osobni dopravy (s nasazenim dieselovych souprav);
OBB pak odpovida za ddrzbu infrastruktury. Drdha je dilleZita pro
dopravu $koldkd a dalSich mistnich a také pro dopravu ndkladni
a rekreacni [6].

Na pomérné dlouhé Aulerfernské drize jsou pouze dva tunely:
Lermoos (105,06 m) — obr. 8 a tunel Katzenberg (dlouhy 512,5 m).
Oba tunely leZi v Rakousku [7].

Tunel Bosruck na Pyrnské draze

Pyrnska drdha (Pyhrnbahn) prochazi velkou ¢asti spolkovych
zemi Horni Rakousko a Styrsko (ve stop& Linz — Rohr-Bad Hall
— Selzthal) a OBB ji proto fadi k pateini siti. Usek Linz — Klaus
byl pritom plivodné jen mistni soukromou drdhou spole¢nosti
Kremsthalbahn a az v letech 1901-1906 ji stat pfipojil prostred-
nictvim Pyhrnbahn. Spolec¢né s Tauernskou, Karawanskou a Wo-
cheinerskou drahou, trati Gorizia — Terst a drahou Wechselskou tak
byly v hlavni rakouské Zelezni¢ni siti zaceleny posledni mezery.
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Obr. 7 Innsbruck. Zdamek Amras. Ndhradni vdlecny tisk tlaCeny na nouzovém
papiru. 56782 Schaar & Dathe, Trier. 1918 [sbirka autorit].

Ustiednim motivem vdlecné pohlednice je jizni portdl Amraserského tunelu od
zastdavky Schonruh. V pravé Cdsti obrdzku je pak v pozadi zdmek Ambras (téZ
Amras), leZict pri jihovychodnim okraji Innsbrucku a radici se svymi rozsdhlymi
sbirkami k nejvyznamnéjsim pamdtkdam Rakouska. Jakkoliv je zobrazeny tunel
krdtky (pouhych 19 m), md o to vice pojmenovdni — je zndmy také jako Ambraser
(podle zamku Ambras) ¢i Schonruh.

Fig. 7 Innsbruck. Amras castle. Replacement war printing embossed on emer-
gency paper. 56782 Schaar & Dathe, Trier. 1918 [authors’ collection)].

The central motif of the war postcard is the southern portal of the Amraser tun-
nel viewed from the Schonruh intermediate station. Pictured right, there is the
Ambras Castle (also Amras) in the background, located at the south-eastern
edge of Innsbruck and ranking among the most important monuments in Austria
with its extensive collections. However short the tunnel pictured is (only 19m),
it has even more names — it is also known as Ambraser (according to Ambras
Castle) or Schonruh.

Na Pyrnské draze je provozovdno Sest jednokolejnych tune-
14, thrnné délky 6 323,06 m (od 106,40 m tunelu Schloss, aZ po
4 766,58 m tunelu Bosruck), jen 18,20 m dlouhy Maly tunel Bo-
sruck byl v roce 2012 sneseny. Mezi t€mito Sesti tunely svou dél-
kou i dal§imi souvislostmi zcela vynika tunel Bosruck — obr. 9 [8].

Tunel Bosruck, 4 766,58 m dlouhy, spojuje Zelezni¢ni stanice
Spital am Pyhrn a Ardning. Jako soucést statniho projektu byl po-
staveny v letech 1901 az 1906 pod vrcholem velkého Bosrucku,
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Obr. 8 Ausserfernskd drdha: tunel u Lermoos. Kolorovand fotografie. Purger
& Co., Miinchen. Photochromiekarte Nr. 13468. Okolo 1910 [sbirka autorii].
Zdpadni portdl tunelu od zastdvky Lihn. V pozadi jsou dva vrcholy tyrolského
horského retézce Mieminger — Sonnenspitze a Wampeter Schrofen (s dnes uddva-
nymi vySkami 2 417 a 2 520 m n. m.), se znacnym vyznamem pro turisticky ruch.
Fig. 8 Ausserfern railway: tunnel near Lermoos. Coloured photograph. Purger &
Co., Miinchen. Photochromiekarte Nr. 13468. About 1910 [authors’ collection].
Western portal viewed from the Lihn intermediate station. In the background,
there are two peaks of the Tyrolean mountain range, Mieminger — Sonnenspitze
and Wampeter Schrofen (with today ‘s elevations of 2,417 and 2,520m above sea
level), of considerable importance for tourism.
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tvoficiho hranici mezi Hornim Rakouskem a Styrskem. Nejvyssi
misto v tunelu je 727 m n. m. Tunel prochdzi pohofim budovanym
anhydritem, dolomitickymi vapenci, opukou, sddrovcem a kiemen-
nymi bridlicemi. Vapence se vyznacovaly silnym zvodnénim a ved-
le toho dochézelo i k neCekanym unikiim metanu z hory.

Ve smlouvé o stavbé byla velmi zvlastni podminka, podle které
mélo byt pri razbé od severu pouzivino mechanizované vrtani, od

jihu vSak rucni; vyvoj praci si vSak vynutil mechanizované vrtani

iz jihu. Pfi stavbé byla uplatnéna ¢astecné belgicka, Castecné pak an-
glo-rakouska metoda. Prace na tunelu provazela rada nesnézi, prede-
vs§im s vysokymi pfitoky vody okolo 800 az 1 000 I/s. Ty také zpuiso-
bily vyschnuti potoka Schreiende Bach pobliz Spital am Pyhrn. Dne
17. 5. 1905, tésné pred prorazkou, doslo k mimoradné velké pritrzi
vody do jizni asti. A par dnd na to, 22. 5 1905, zahynulo Sestnact
délnika pti vybuchu metanu. To vedlo ke zpozdéni stavby o 11 mé-
sict; tunel byl nakonec otevieny 20. 8. 1906. Zpozdéni a soub&zny
nartst ndklada (béZny metr tunelu prisel na 1 980 korun rakouské
meény) mély za nasledek rezignaci feditele stavby i ministra Zeleznic.

Po vice nez 150 letech provozu byl tunel od 29. 9. 1963 do 29. 5.
1965 uzavieny. V odstavce prob&hly rozsahlé opravy skod zptiso-
benych vodou, horninovym tlakem a spalinami z parnich lokomo-

Obr. 9 Spital a/P. Tunel Bosruck. Hochrcibar W. Garston. 1911 [sbirka
autorit].

Severozdpadni portdl tunelu od Zeleznicni zastdvky Linzerhaus.

Fig. 9 Spital a/P. Bosruck tunnel. Hochrcibar W. Garston. 1911 [authors’
collection].

North-western portal of the tunnel viewed from the Linzerhaus intermediate
railway station.
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tiv. Od znovuotevreni jezdi osobni vlaky s dieselovou trakci a na-
kladni presly na pohon elektricky.

V roce 2011 byla zahijena priprava vystavby nového dvouko-
lejného tunelu Bosruck, s planovanym zahajenim provozu do roku
2040. V té souvislosti se uvadi, Ze obtiznosti geotechnickych pod-
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minek je prostor tunelu Bosruck srovnatelny s bazovym tunelem
Semmering [9].
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ANNIVERSARIES

K VYZNAMNYM NAROZENINAM ING. IVANA HRDINY
TO SIGNIFICANT BIRTHDAY OF ING. IVAN HRDINA

Jiz nékolikrat jsem na strankach
TUNELU pral k vyznamnym naroze-
nindm piiteli, spolupracovnikovi nebo
vyznamnému ¢lenovi nasi tunelarské
komunity. Tentokrat se vSechna tato
urCeni tykaji osoby jediné, proto-
Ze blahopreji Ing. Ivanovi Hrdinovi,
predsedovi Ceské tunelérské asocia-
ce. Ivan dospél ke svym Sedesatinam,
coZ je, vzhledem k jeho pracovnimu
nasazeni a vyborné fyzické kondici,
znacné prekvapujici. BohuZel, data
jsou netdprosna, soucasné vsak vypovidaji o rozsahlé a mimoradné
uspesné naplni nejen odborného Zivota jubilanta.

Ing. Ivan Hrdina se narodil 7. bfezna 1962, o devatenict let poz-
déji, v Cervnu 1981, maturoval na Stfedni priimyslové Skole strojni
a dopravni v DéCiné. V nasledujicich péti letech absolvoval vysoko-
Skolska studia na konstruktivné-dopravnim sméru Stavebni fakulty
CVUT v Praze, ktera ukoncil v Gervnu 1986 obhdjenim diplomové
préce z podzemnich staveb. Zaméfeni poslednich ro¢nikd jeho studia
na geotechniku nepochybné ovlivnilo jeho dalsi odborné piisobent,
sméfujici pravé na podzemni stavby. Za mlada to byla vlastni ticast
na realizaci vystavby tunelll, pozdéji manaZerské fizeni na stéile vy-
znamnéjSich postech, a to nejen podzemnich staveb naSich i zahra-
ni¢nich, ale napf. i staveb mostnich, Zelezni¢nich, vodnich, energe-
tickych a pozemnich.

Tunelarskd kariéra Ing. Ivana Hrdiny konkrétné zacala v zafi 1986
u firmy Metrostav a neni od véci uvést, Ze jeho dlouholetd uspésna

¢innosti v Metrostavu trva do souc¢asnosti.

On several occasions, I have congratulated on the TUNEL pages
my friend, co-worker and an important member of our tunnelling
community on a significant birthday. This time my congratulations
go to a single person, Ing. Ivan Hrdina, Chairman of the Czech
Tunnelling Association. Ivan has reached the age of sixty, which
is, given his hard work and excellent physical condition, quite
surprising. Unfortunately, the data is relentless, but at the same time
it testifies to the extensive and extremely successful content of not
only the professional life of the jubilarian.

Ing. Ivan Hrdina was born on March 7, 1962, and nineteen years
later, in June 1981, he graduated from the Secondary Vocational
School of Mechanical Engineering and Transport in DécCin. In
the following five years, he graduated from the Czech Technical
University in Prague, with a degree in civil engineering from
the Department of Civil Engineering and Traffic Structures. He
completed the studies in June 1986 by defending his diploma thesis
in underground construction. The focus of the last years of his studies
on the underground construction specialisation in geotechnics,
undoubtedly influenced his further professional career. As a young
man, it was his participation in the construction of tunnels, later
the management in increasingly important positions, not only in
underground and foreign construction, but also, for example, in
construction of bridges, railways, hydraulic and energy structures,
and building.

Ing. Ivan Hrdina‘s tunneling career specifically began in September
1986 at Metrostav and mentioning is not out of question that his long-
term successful activities in Metrostav a.s., continue to the present
day.

From 1986 to 1989, the first professional position directly on the
construction site was the position of the assistant manager in the
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Prvnim odbornym postem primo na stavbé byla v letech 1986 az
1989 funkce asistenta hlavniho stavbyvedouciho pfi vystavbé raze-
né stanice Jinonice na tseku III. B prazského metra (Smichovské
néadrazi — Jinonice). Od konce roku 1989 do biezna 1993 byl jako
stavbyvedouci povéfen fizenim razby tratovych tunelii metra na
useku metra V. B (Nové Butovice — Zli¢in). Jako hlavni stavbyve-
douci od bfezna 1993 do roku 1995 fidil razbu pfistupového tunelu
do stanice Kolbenova i razbu vlastni trojlodni stanice Kolbenova na
tiseku metra IV. B (Ceskomoravska — Cerny most). V letech 1996
az 1999 pisobil jako vedouci oblasti na stejném tseku metra IV. B
pfi dokoncovani razby stanice Kolbenova. Ziskané zkusenosti z tfi-
néctiletého psobeni pfimo na stavbéch se staly ocefiovanym vkla-
dem pro vyvoj jeho dalSiho plsobeni v Metrostavu a.s.

Od brezna 1999 presel v tficeti sedmi letech jako perspektivni
manazer do jiZ zminéné sféry fizeni a koordinace stavenich zaka-
zek. Postupné pusobil ve funkci vyrobniho nameéstka divize D1
(1999-2001), dale zastupce vykonného feditele koordinujiciho
zakézky celofiremniho vyznamu (2001-2002) a nakonec, po dlou-
hych osmnact let (2002-2020), zastaval v Metrostavu a.s. mimo-
fadné vyznamnou funkci vyrobné-technického feditele. V daném
forméatu neni moZné postihnout rozsah jeho ¢innosti v této funkci,
ale vyznamnéjsi tunelové stavby ,,jeho* obdobi nelze alespori ne-
vyjmenovat — tunel Mrézovka, tunel Valik, tunel Libouchec a Pa-
nenska, tunel Bfezno, tunelovy komplex Blanka, tunel Radejcin,
prodlouZeni linky A metra, Ejpovicky tunel a dalsi. Podrobnosti
i nékteré problémy z jejich vystavby jsou zndmé, jmenované stav-
by vSak vesmés znamenaji vyznamné obohaceni nasi dopravni in-
frastruktury a obecné Ceské tuneldrské historie. V roce 2021 byl
Ing. Hrdina povéfen fizenim vnitfniho auditu Skupiny Metrostav,
v soucasnosti zastava ve Skupiné funkci feditele interniho auditu
a compliance (jednani v souladu s pravnimi predpisy, vnitropodni-
kovymi smérnicemi a zejména etickym kodexem Skupiny).

Zaslouzené uznani patii Ing. Hrdinovi za dlouholetou uspésnou
¢innost v narodnich i mezinarodnich organech tunelarského spole-
&enstvi ITA-AITES. Od roku 2002 je predsedou Ceské tuneldi'ské
asociace ITA-AITES, ktera za jeho vedeni navazala na pfedchozi
kvalitni troven asociace. Jeji mezindrodni prestiZ se zvysila Gspes-
nym usporaddnim prazského svétového tuneldrského kongresu
WTC 2007. CzTA trvale zajiStuje stéZejni naplil nasSi organizace
— vydavani recenzovaného ¢asopisu TUNEL, periodické poradani
konferenci Podzemni stavby Praha, odborné a organizacni zajisténi
oblibenych Tuneladfskych odpoledni, vydavani odbornych publi-
kaci v edici Dokumenty CzTA ITA-AITES a ¢innost pracovnich
skupin. Ocenénim kvalitni ¢innosti CzTA pod vedenim Ing. Ivana
Hrdiny bylo nepochybné v roce 2008 jeho zvoleni a ctyfleté pu-
sobeni ve funkci viceprezidenta mezinarodni tuneldiské asociace
ITA-AITES.

Diky dlouholetému spole¢nému ptisobeni v organech CzTA, spo-
lecné ucasti na tuneldrskych konferencich doma i v ciziné, pisobe-
ni v Technické radé Metrostavu a pfi mnoha neformalnich osob-
nich setkanich, jsem poznal vysokou troveni odbornych znalosti
a organizacnich schopnosti Ing. Hrdiny, ocetiuji Ivanovu schopnost
raciondlniho uvaZovani a neokdzalého rozhodovéni, s potéSenim
vnimam jeho pro mne imponujici sportovni zéliby, jako je cyklisti-
ka, lyzovani a vysokohorska turistika. Je diilezité, a nepochybné si
celd naSe tunelarska komunita vazi toho, Ze pravé takova osobnost
stoji v Cele prosperujici CzTA ITA-AITES. Za vSechny ¢leny aso-
ciace si dovoluji pogratulovat nasemu predsedovi k jeho Sedesati-
nam a upfimné mu prat do dalsich let hlavné zdravi, pracovni poho-
du a vyhradné tspéchy prfi dal$im Fizeni ¢innosti Ceské tunelai'ské
asociace. Pfiteli Ivane, budeme pomahat.

prof. Ing. JIRI BARTAK, DrSc.,
Cestny ¢len CzTA ITA-AITES
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construction of the Jinonice cut-and-cover station on section III B of
the Prague metro (Smichovské nadrazi — Jinonice). From the end of
1989 to March 1993, in the position of site agent, he was entrusted
with managing the excavation of the metro running tunnels on the
V. B metro section (Nové Butovice — Zli¢in). In the position of the
main construction manager from March 1993 to 1995, he managed
the excavation of the access tunnel to the Kolbenova station and the
excavation of the three-vault Kolbenova station on the IV B metro
section (Ceskomoravské — Cerny Most). The experience gained from
thirteen years of work directly on construction sites has become
a valued contribution to the development of his further work in
Metrostav a.s.

From March 1999, at the age of thirty-seven, he moved to the
already mentioned sphere of management and coordination of
construction contracts as a promising manager. He gradually worked
in the positions of the Operations Deputy Director of Division D1
(1999-2001), then the Executive Deputy Director coordinating
contracts of company-wide significance (2001-2002) and finally, for
eighteen years (2002-2020), he held an extremely important position
of Technical and Operations Director of Metrostav a.s. In the given
format it is not possible to encompass the scope of his activities in
this position, but major tunnel construction projects of ,.his* period
cannot be not named — the Mrazovka tunnel, Valik tunnel, Libouchec
and Panenska tunnels, Bfezno tunnel, Blanka complex of tunnels,
Radejcin tunnel, extension of metro line A, the Ejpovice tunnel etc.
Details and some problems from their construction are known, but the
above-mentioned projects generally mean a significant enrichment of
our transport infrastructure and the Czech tunnel construction history
in general. In 2021, Ing. Hrdina was entrusted with managing the
Metrostav Group‘s internal audit and currently holds the position of
Director of Internal Audit and Compliance (with acting in accordance
with legal regulations, internal company guidelines and, in particular,
the Group‘s Code of Ethics).

Well deserved recognition belongs to Ing Hrdina for his long-term
successful work in national and international bodies of the ITA-
AITES tunnelling community. Since 2002, he has been the president
of the ITA-AITES Czech Tunnelling Association, which under his
leadership has picked up the threads of the previous high quality
level of the association. Its international prestige was enhanced by
the successful organisation of the Prague World Tunnel Congress
WTC 2007. The CzTA permanently ensures the core content of
our organisation — publishing the peer-reviewed TUNEL journal,
periodic organisation of conferences Underground Construction
Prague, professional and organizational ensurance of popular Tunnel
Afternoons, publishing professional publications in the edition ITA-
AITES CzTA Documents, and the activities of ITA-AITES Working
Groups. His election in 2008 and four years in the position of Vice
President of the ITA-AITES International Tunnelling Association
were undoubtedly the acknowledgement of the good quality of the
CzTA activities under the leadership of Ing Ivan Hrdina.

Thanks to many years of joint work in CzTA bodies, joint
participation in tunnelling conferences at home and abroad, the
work in the Metrostav Technical Board and many informal personal
meetings, [ got to know the high level of expertise and organizational
skills of Ing. Hrdina. I appreciate Ivan‘s ability to think rationally
and his unpretentious decision-making ability. [ am pleased to see his
impressive sports hobbies such as cycling, skiing and high mountain
tourism. It is important, and our whole tunnelling community
undoubtedly appreciates, that such a personality is at the forefront of
the prosperous ITA-AITES CzTA. On behalf of all members of the
association, I would like to congratulate our president on his sixtieth
birthday and sincerely wish him good health, work contentment and
exclusively success in the further managing the Czech Tunnelling
Association activities. My friend Ivan, we will help you.

prof. Ing. JIRI BARTAK, DrSc.,
a honourable member of ITA-AITES CzTA
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Newly Prepared Road Tunnels in Ceské Budéjovice Newly Prepared Road Tunnels in Ceské Budéjovice
Ing. Eliska Pilafovd, Ing. Josef Rychtecky 2/2021 55 Ing. Eliska Pilafovd, Ing. Josef Rychtecky 2/2021 55
W Razba prizkumné Stoly budouciho metra D — tsek OL1 B Geotechnicky prazkum pro tunel Vinohrady v Brné
Excavation of Exploratory Gallery for Section OLI1 Geotechnical Exploration of the Vinohrady
of Future Metro D Line Tunnel in Brno
Ing. Ivo Gaja, Vladimir Taborsky 3/2021 33 Ing. Adam Zapletal 3/2021 4
m Nékteré otizky moderniho inZenyrskogeologického m Geotechnicky monitoring na stavbé tramvajového
a geotechnického prizkumu tunelu v Brné
Some Issues of Modern Engineering Geology Geotechnical Monitoring on Tram Tunnel
and Geotechnical Investigation Construction in Brno
doc. Ing. Alexandr Rozsypal, CSc., Ing. Marek Poldk, RNDr. Otakar Pazdirek,
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B Tunel Milochov — realizace definitivniho osténi B Rekonstrukce Podhradského tunelu
Milochov Tunnel — Implementation of Definitive Lining Podhradsky Tunnel Reconstruction
Ing. Petr Velicka 4/2021 14 Ing. Alice Wetterova, Ing. Jana Michaljani¢ova 2/2021 46
m Tunel Kramer — razba z jizniho portdlu m Rekonstrukce Polubenského tunelu
Kramer Tunnel — Excavation from the South Portal Reconstruction of Polubensky Tunnel
Ing. Jan Kubek, Ing. Daniel Josefik, Ing. Martin Svoboda, Bc. Jakub Vladik 4/2021 54
i, LT el B G 2 m Rekonstrukce Dolnoluc¢anského tunelu a proces
B Tramvajovy tunel Zabovieska — zkuSenosti rozhodovani pii ndvrhu technického feseni
Z dosavadniho pribéhu vystavby Reconstruction of Lucany nad Nisou Tunnel
Zabovreskd Tram Tunnel — Experience from the Course and Decision-Making Process in Designing
of Construction to Date Technical Solution
Ing. Véclav Dohnalek, Ing. Dalibor Stroméek, Ing. Libor Maiik 4/2021 62
Ing. Andrej Korba 4/2021 42
m Rekonstrukce Polubenského tunelu 7.TEORIE, VYZKUM, SLEDOVANI
Reconstruction of Polubensky Tunnel THEORY, RESEARCH, MONITORING
Ing. Martin Svoboda, Bc. Jakub Vladik 4/2021 54 m Aplikace metodiky BIM na projektu prazského metra D
m Rekonstrukce Dolnolu¢anského tunelu a proces Application of BIM Methodology to Prague Metro
rozhodovani pfi navrhu technického feSeni Line D Project _
Reconstruction of Lucany nad Nisou Tunnel Ing. Jifi Platil, Petr ZeniSek 172021 18
and Decision-Making Process in Designing m Mezistropy v Kralovopolském tunelu
Technical Solution Intermediate Decks in Krdlovo Pole Tunnel
Ing. Libor Maiik 4/2021 62 Ing. Vlastimil Horak 1/2021 39
W Projekt a realizace Zvérotického tunelu m Technické feSeni dloZi3té radioaktivnich odpadi v CR
Design and Construction of Zveroticky Tunnel Technical Solution to Underground Radioactive Waste
Ing. Libor Marik 472021 78 Repository in the Czech Republic
® Krus$nohorsky tunel — ivodni predstaveni Ing. Alexandr Butovi¢, Ph.D. 2/2021 3
Tunnel under Ore Mountains — Introduction B Zajimavé aspekty provozu Tunelového komplexu
Mgr. Jifi Zmitko 4/2021 91 Blanka
Interesting Aspects of Operation of Blanka
4. METRO Tunnel Complex
SUBWAY Ing. Pavel Sourek, Ing. Lukas Rakosnik 2/2021 10
m Aplikace metodiky BIM na projektu prazského metra D m Geotechnicky prizkum pro tunel Vinohrady v Brné
Application of BIM Methodology to Prague Metro Geotechnical Exploration of the Vinohrady Tunnel
Line D Project in Brno
Ing. Jifi Platil, Petr ZeniSek 1/2021 18 Ing. Adam Zapletal 3/2021 4
B Projekt bezbariérového zpfistupnéni stanice metra B Sledovani zmén v horninovém prostiedi za obrysem
Karlovo namésti vyrubu podzemniho dila geoelektrickymi metodami
Barrier-Free Acces to Karlovo Ndmésti Station Monitoring of Changes in Ground Environment beyond
Ing. Jan Korej&ik, Ing. Martina Urbankova, Underground Excavation Contour Using Geoelectric
Michal Kolevski 172021 28 Methods
B Razba prizkumné Stoly budouciho metra D — tisek OL1 ggz' Eggi gzzg Eéig?%lll)rpshc I’) 30021 11
Excavation of Exploratory Gallery for Section OL1 ' ' I
of Future Metro D Line B Geotechnicky monitoring na stavbé tramvajového
Ing. Ivo Gaja, Vladimir Taborsky 3/2021 33 tunelu v Brné
. Geotechnical Monitoring on Tram Tunnel Construction
m Tunely Jarfilla in Brno
il Ml Ing. Marek Poldk, RNDr. Otakar Pazdirek,
Ing. Petr Mitrenga, Ph.D. 4/2021 4 Ing. Ondiej Hort 30021 22
5. KANALIZACE, KOLEKTORY, MALE PROF"-Y m Neékteré OtéZky moderniho inZen}'Irskogeologického
SEWERAGE, UTILITY TUNNELS, SMALL PROFILE TUNNELS a geotechnického prizkumu
Some Issues of Modern Engineering Geology
B Realizace vodovodni shybky pomoci technologie and Geotechnical Investigation
mikrotunelovani doc. Ing. Alexandr Rozsypal, CSc.,
Construction of Water-Supply Inverted Siphon doc. Ing. Vladislav Hordk, CSc. 32021 41
Using Microtunnelling Technique . . ., L B
Ine. Jan Brabec. Ine. Ladislay Sommer m KruSnohorsky tunel — dvodni predstaveni
& a o ’ Tunnel under Ore Mountains — Introduction
Ing. Richard Schejbal 3/2021 55 A
Mgr. Jifi Zmitko 4/2021 91
6.SANACE, REKONSTRUKCE, UDRZBA, OPRAVY L
RECONSTRUCTION, REINSTATING, MAINTENACE, 9.RUZNE
REPARATION MISCELLANEOUS
W Sanace tunelu Reicholzheim B Projekt bezbariérového zpiistupnéni stanice metra
Rehabilitation of Reicholzheim Tunnel Karlovo namésti
Ing. Jan RoZek 172021 54 Barrier-Free Acces to Karlovo Namésti Station
m Standardizace rekonstrukci tunelti Rhétské drahy Ing. Jan Korejcik, Ing. Martina Urbankova,
ve Svycarsku Michal Kolevski 1/2021 28
Standardisation of Reconstruction of Tunnels B Mezistropy v Krélovopolském tunelu
on Rhaetian Railway in Switzerland Intermediate Decks in Krdlovo Pole Tunnel
Ing. ETH Flavio Modetta, Ing. Vlastimil Horak 2/2021 37 Ing. Vlastimil Horak 1/2021 39
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m Technické feseni tlozisté radioaktivnich odpadti v CR B Nové Zelezni¢ni tunely na IV. Zelezni¢nim koridoru

Technical Solution to Underground Radioactive
Waste Repository in the Czech Republic

New Railway Tunnels on Railway Corridor IV
Tunel Mezno

Ing. Alexandr Butovi¢, Ph.D. 2/2021 3 Mezno Tunnel
B Zajimavé aspekty provozu Tunelového komplexu Blanka flenc] Df: Rore
. . Deborec Tunnel
Interesting Aspects of Operation of Blanka Tunnel Complex Ine. Tomag Just 12021 67
Ing. Pavel Sourek, Ing. Lukas Rikosnik 2/2021 10 15, 20mds Jus
A% Zeleznicni tunel Zvérotice
m Veétraci Sachta tunelu Kramer L .
o Zverotice Rail Tunnel
Kramer Tunnel Ventilation Shaft Ing. Libor Mafik 12021 68
Ing. Jan Kubek, Ing. Daniel Josefik 2/2021 30 ' .
. . Tunely na dialnic¢nej sieti
m Standardizace rekonstrukci tuneli Rhétské drahy ve Svycarsku Tunnels on Motorway Network
Standardisation of Reconstruction of Tunnels on Rhaetian Railway Tunely Ov¢iarsko a Zilina
in Switzerland Ovciarsko and Zilina Tunnels
Ing. ETH Flavio Modetta, Ing. Vlastimil Horak 2/2021 37 Tunel Presov
Presov Tunnel
11. TECHNOLOGIE Tunel Bikos
EQUIPMENT Biko$ tunnel
m Optimalizace tunelovych technologii zaloZena Tunel ’Cebrat
na ontologickém modelu Cebrat Tunnel
Optimisation of Tunnel Equipment Based on Ontological Model "‘l}lvnvel Yl;nove ;
prof. Ing. Pavel Pibyl, CSc., Ing. Jifi Rehdk 22021 64 I;;”%Vfa df‘gi’fbmga Ing. Jifi Bfichifac
B Sledovani zmén v horninovém prostiedi za obrysem Ing. Miroslav Frank:)vsky ’ 172021 69
vyrubu podzemniho dila geoelektrickymi metodami Tunely na seleznicnei sieti
Monitoring of Changes in Ground Environment beyond Tunne}l]s on Railwa Ii’e twork
Underground Excavation Contour Using Geoelectric Methods Tunel Milochov y
doc. RNDr. Pavel Blaha, DrSc., e —
doc. RNDr. Pavel Pospisil, Ph.D. 3/2021 11 Ing. Jin Kusnir 12021 71
12.ZE SVETA PODZENNICH STAVEB Metro D — nova lipka prazského metra
THE WORLD OF UNDERGROUND CONSTRUCTIONS Metro D —New Line of Prague Metro
Ing. Boris Sebesta, Ing. Michal Serak 2/2021 76
® Mozaik éta pod: ich staveb
ozaixa Ze Syeta poczemnich stave Nové Zelezniéni tunely na IV, Zelezni¢nim koridoru
Ing. Miloslav Novotny 172021 60 . . .
20021 74 New Razlwgy Tunnels on Railway qurzdor v
32021 70 Brno, Solnic¢ni I, rekonstrukce kanalizace
42021 105 Brno, Solnicni I, Reconstruction of Swerage
Ing. Tomas Just 2/2021 78
m Fehmarnbelt tunel — nejdelSi podmotsky naplavovany ettt e Bsaites
tunel na sveté Zvérotice Rail Tunnel
Fehmarnbelt Tunnel — Longest Subsea Immersed Tunnel Ing. Libor Maiik 22021 80
in the World . _
prof. Ing. Jifi Bartdk, DrSc. 12021 61 Stavba 1/42 Brno - VMO Z.abO\./reska I —etapa Il
Road 1/42 Brno — Large City Circle Road
B Jak nebezpecné jsou hoftici elektromobily? Zabovreskd I — Stage II
How Dangerous are Burning Electric Cars? Ing. Jan Frantl, Ing. Vaclav Dohnélek 2/2021 81
Ing. Vlastimil Hordk, Michael Kompatscher 172021 63 Tunely na dialni¢nej sieti
m Svycarsk4 piileZitostnd mince k projektu Neat ceneri Tunnels on Motorway Network
Swiss Occasional Coin on Neat Ceneri Project Tunel PreSov
doc. Ing. Vladislav Horak, CSc. 172021 64 Presov Tunnel
m Vystavba tuneltl na rychlostni silnici M85 v Bécsi Domb, Tgne} Bikos
Madarsk Bikos tunnel
adarsko ) Tunel Cebrat
Construction of Tunnels on M85 Express Highway, Codorma? Tl
Bécsi Domb, Hungary Tunel Visfiové
Ing. Jan Frantl, Ing. Gergely Bolcskei 2/2021 75 Va8 Thmad]
B Problémy s tunelovym prevedenim silnice A303 Ing.J if.i Brichna¢, Ing. Zbysek Stas,
oblasti svétového kulturniho dédictvi Stonehenge Ing. Miroslav Frankovsky 22021 82
Problems with Tunnelled Diversion of Road A303 Tunely na Zelezni¢nej sieti
Across Stonehenge World Heritage Site Tunnels on Railway Network
prof. Ing. Jifi Bartdk, DrSc. 3/2021 71 Tunel Milochov
B Vyznamné vyroci vzniku metra v Budapesti M ilOC{’lOV T"fn’:’d
Significant Anniversary of the Budapest Metro Licige Jiir Lmtte 2oL
prof. Ing. Jifi Bartdk, DrSc. 4/2021 105 Metro D — nova linka prazského metra
Metro D — {Vew Line of Prague Metro
13. AKTUALITY Z’PODZEMNI'CH STAVEB V CESKE Ing. Boris Sebesta, Ing. Michal Serék 3/2021 75
A SLOVENSKE REPUBLICE Nové Zelezni¢ni tunely na IV. Zelezni¢nim koridoru
CURRENT NEWS FROM THE CZECH AND SLOVAK New Railway Tunnels on Railway Corridor IV
UNDERGROUND CONSTRUCTION Ing. Tom4s Just 3/2021 75
B Metro D — nova linka prazského metra B Zelezni¢ni tunel Zvérotice
Metro D — New Line of Prague Metro Zverotice Rail Tunnel
Ing. Boris Sebesta, Ing. Michal Serak 1/2021 65 Ing. Libor Marik 3/2021 76
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m Stavba /42 Brno — VMO Zabovieska I — etapa II

Road 1/42 Brno — Large City Circle Road

Zabovreskd I — Stage 11

Ing. Jan Frantl, Ing. Vaclav Dohnalek 3/2021 78
m Tunely na dialni¢ne;j sieti

Tunnels on Motorway Network

Tunel Presov

Presov Tunnel

Tunel Bikos

Bikos Tunnel

Tunel Cebrat

Cebrat Tunnel

Tunel Visiiové

Vistiové Tunnel

Ing. Jifi Bfichii4¢, Ing. Miroslav Frankovsky 3/2021 79
m Tunely na Zelezni¢nej sieti

Tunnels on Railway Network

Zelezni¢ny tunel Milochov

Milochov Railway Tunnel

Ing. Jan Kusnir 3/2021 80

B Metro D — nova linka prazského metra
Metro D — New Line of Prague Metro
Ing. Boris Sebesta, Ing. Michal Serak 4/2021 108

m Stavba 1/42 Brno — VMO Zabovieska I — etapa 11
Road 1/42 Brno — Large City Circle
Road Zabovieskd I — Stage II
Ing. Jan Frantl, Ing. Andrej Korba 4/2021 109

B Pamétni medaile
Commemorative Medal
doc. Ing. Vladislav Horak, CSc. 4/2021 110

B Zelezni¢ni tunel Zvérotice

Zverotice Rail Tunnel

Ing. Libor Marik 4/2021 110
® Tunely na dialni¢nej sieti

Tunnels on Motorway Network

Tunel Presov

Presov Tunnel

Tunel Bikos

Bikos Tunnel

Tunel Cebrat

Cebrat Tunnel

Tunel Visiové

Vistiové Tunnel

Ing. Jifi Bfichiid¢, Ing. Vladimir Kotrlik,

Ing. Miroslav Frankovsky 4/2021 112
B Tunely na Zelezni¢nej sieti

Tunnels on Railway Network

Zelezni¢ny tunel Milochov

Milochov Railway Tunnel

Ing. Jan KuSnir 4/2021 115

14.2PRAVY Z TUNELARSKYCH KONFERENCI
NEWS FROM TUNNELLING CONFERENCE
B Tunelarské odpoledne 1/2021
Tunnel Afternoon 1/2021
Ing. Markéta Pruskova, Ph.D. 2/2021 76

B Tunelarské odpoledne 2/2021
Tunnel Afternoon 2/2021
Ing. Markéta Pruskové, Ph.D. 3/2021 74

m Tunelafské odpoledne 3/2021
Tunnel Afternoon 3/2021
Ing. Markéta Pruskova, Ph.D.

15. ZPRI-}SVODAJSTVI' CESKE TUNELARSKE ASOCIACE ITA-
AITE
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

B Oznameni o terminu kondni valného shromazdéni
Ceské tunelaiské asociace ITA-AITES z.s.
Ing. Markéta Pruskové, Ph.D. 2/2021 94

B Valné shromazdéni CzTA ITA-AITES
General Assembly of ITA-AITES CzTA
Ing. Markéta Pruskova, Ph.D. 4/2021 124

4/2021 107

B Podékovani
Acknowledgements
Ing. Boris Sebesta, predseda redakéni rady
Casopisu Tunel 4/2021 126

17.VYROCI
ANNIVERSARIES
m Zivotni jubileum Ing. Jifiho Razicky
Life Anniversary of Ing. Jiri RiiZicka
Ing. Miroslav Novik 172021 78
W Zivotni jubileum Ing. Miroslava Novaka

Life Anniversary of Ing. Miroslava Novdka
Ing. Miroslav Kochanek 1/2021 79

m 75 let Ing. Jaromira Zlamala
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Casopisu Tunel 2/2021 91
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® Spomienka na Ing. Petra Certika
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Ing. Stefan Choma 1/2021 80

B Zemiel Ing. Karel Matzner
Ing. Karel Matzner Died
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19.Z HISTORIE PODZENINICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

B Pohlednice s kratkymi tunely
Picture Postcards with Short Tunnels
doc. Ing. Vladislav Horak, CSc.,
Ing. Richard Svoboda, Ph.D.,
Ing. Martin Zavacky 172021 73
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Picture Postcards with Railway Tunnels in France
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Ing. Richard Svoboda, Ph.D.,
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doc. Ing. Vladislav Hordk, CSc.,
Ing. Richard Svoboda, Ph.D. 3/2021 82
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CzZTA WORKING GROUPS
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News from Young Members Working Group of the CzTA
Dr.-Ing. Zdenek Zizka 3/2021 86
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