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ZLEPSOVAT POVEST PODZEMNICH STAVEB

Dulezitym dkolem vSech, ktefi pracuji v oboru podzemnich staveb,
musi byt znaéné vylepSeni predstav o podzemnich stavbéch nejen v o¢ich
politiku a lidf, ktef{ maji rozhodovaci pravomoci, ale i médif a obecné
celé verejnosti. Nechdpejte mne, prosim, nespravné. Povést oboru neni
Spatnd, coZ dokazuje skuteCnost, Ze mnoZzstvi tunell a jinych podzem-
nich staveb uvddénych do provozu kazdym rokem roste. Nelze vSak ani
fici, Ze je vSeobecné dobrad.

Pro¢ je tedy potfebné povést oboru zlepsovat? Odpovéd zni, Ze musi-
me ulehcit prdci subjektim, které rozhoduji, aby fadné zvazovaly a spra-
vedlivé posuzovaly vhodnost alternativy tunelu pro stle vice projektu.
Daly by tak vefejnosti veét§i moZnost vyuZivat Cetné primé a nepiimé
vyhody podzemi. Volba podzemni alternativy znamend vZdy namdhavou
bitvu, coZ je zpusobeno soucasnou povésti tunelu. Existuje mnoho davo-
du, pro¢ tunely nedostdvaji tak Casto prileZitost. NemuZeme je zde
podrobné rozebirat. Nekteré vSak souviseji se skuteCnosti, ze lidé, ktefi
rozhoduji, maji mylné za to, Ze tunel je prili§ drahd zéleZitost, anebo
nechtéji byt témi prvnimi, kdo se pokusi o néco nového nebo jiného.

Jak mizeme svou povést zlepsit? Méli bychom predeviim ukazovat
vefejnosti, jak dobré tunely a podzemni stavby ve skutecnosti jsou.
NemuZeme pouze mluvit o vyhoddch podzemnich staveb se svymi kole-
gy na tuneldrskych konferencich. SpiSe musime vyuzit kazdou pfilezitost
k pfimému preddvdni svych ndzoru a zkuSenosti vefejnosti, médiim
a tém, ktefi rozhoduji. Pfredev§im bychom se méli prezentovat na jednd-
nich, kde jsou pfitomni ti, ktefi rozhoduji. Méli bychom zvefejiiovat
vhodné ¢lanky a priklady naSich dspéchu v populdrnim tisku. My vSich-
ni se musime aktivné zapojit do procesu rozhodovani.

Jak jinak muZeme je§té svou povést zlep§it? Musime usilovné zlep$o-
vat ty stranky tuneli a podzemnich staveb, které nasi povést poskozuji.
Tunelové stavby nesmi napiiklad pfindSet Zddnd finanéni prekvapeni,
coz vyzaduje pe€livé stanoveni ceny a doby vystavby a presné fizeni
zélezitosti, které by mohly k prekvapivému zvySeni cen a prodlouZen{
doby vystavby vést. Jednou z moZnosti, jak tento problém fesit, je vyu-
ziti metod fizeni rizik prfi stanoveni spravného rozmezi ceny a doby
vystavby v zdvislosti na tom, jak se ruzné faktory vyvijeji v prubéhu
praci na projektu a na stavbé. Pfi tomto postupu vefejnost od zaldtku
chdpe, Ze cena a doba vystavby jsou ovlivnény mnoha Einiteli. Metody
fizeni rizik se ukdzaly jako dspé3né jiZ na radé projektu.

Tunely maji velmi mnoho cennych vyhod z hlediska Zivotniho pro-
stfedi. N4§ obor musi vytvofit postupy, jak finanéné tyto pfinosy vyjad-
fit. Znamenaji velké dspory nakladu na zachovdani Zivotniho prostiedi,
a proto by se mély zahrnovat do rozvah ndkladu pfi zakalkulovani dlou-
hé zivotnosti tunelt. MEli bychom se rozhodnout, Ze budeme stavét tune-
ly podle rozvahy naklada za celou dobu Zivotnosti namisto hlediska
poléte¢nich investi¢nich ndkladd. K velmi dlouhé funkéni Zivotnosti
tunelll se pfi porovndvéni tunelovych a povrchovych alternativ nikdy
nepiihliZi, ale mélo by se.

Metody fizeni rizik by se mély vyuZivat systematicky u v8ech projek-
ti od samého pocdtku, kdy se zalne o tunelu vibec uvazovat. Spravné
pouziti metod Ffizeni rizik muZe vyznamné sniZit pravdépodobnost
vyskytu probléma v prubéhu vystavby tunelu. Stdle je piili§ piipadu
havirii tunelu. Jejich pocet se v8ak muZe a musi zna¢né sniZit vhodnym
vyuZitim metod fizeni rizik. ZmenSeni problému v prubéhu vystavby
vyznamné zlepsi povést naseho oboru.

Vzdy by se mélo pripominat, Ze tunely jsou investice, nikoliv ndklady.
Zlepseni jejich povésti prinese vice tunelovych staveb a vice vyhod pro
verejnost.

IMPROVING THE IMAGE OF THE UNDERGROUND

A major goal of our industry must be to significantly improve the image
of the Underground in the eyes of our politicians, decision makers, the
media, and the public in general. Please do not misunderstand me; our
image is not necessarily “bad” which is proven by the fact that more and
more tunnels and underground facilities are being constructed and put into
use each year. But our image is not universally “good” either.

So why must we improve our image? The answer is to make it easier for
decision makers to consider and give a fair evaluation of the tunnel alter-
native on more and more projects. This will give the public a better chan-
ce to benefit from the numerous direct and indirect advantages of the
underground. Selection of the underground alternative is always an uphill
battle which is made difficult because of the current image of tunnels.
There are numerous reasons why tunnels are not given a fair chance; too
many to discuss in this editorial. However, some relate to the fact that
decision makers are not aware of the direct and indirect advantages. Some
relate to the fact that decision makers incorrectly “assume” that a tunnel is
too expensive. Some relate to the fact that decision makers do not want to
be the first one to try something new or different.

How do we improve our image? We should do it by showing the public
just how good tunnels and the underground really are. To do this, we can
not just talk to our peers at tunnel conferences. Rather, we must take our
message directly to the public, the media, and the decision makers at every
opportunity. We should make presentations at the meetings where the deci-
sion makers will be. We should publish favorable articles and examples of
our successes in the popular press. We must all be more active ourselves
in the decision-making process.

How else do we improve our image? We must aggressively improve
those aspects of tunnels and tunnel construction that adversely affect our
image. For instance, we must make sure that our tunnel projects do not
have financial surprises. This requires careful determination of the cost
and schedule of our tunnels and consideration and management of the
things that might lead to surprise increases in cost and schedule. One way
to solve this problem is to use risk management techniques to predict
a valid “range” of cost and schedule depending upon how various factors
develop throughout design and construction. This way, the public under-
stands from the beginning that cost and schedule are affected by many fac-
tors. These techniques have been shown already to be successful on seve-
ral projects.

There are many environmental advantages to tunnels and those advanta-
ges have significant value. Our industry must develop ways to give a finan-
cial credit for the environmental advantages that tunnels provide. These
environmental cost advantages should be incorporated into cost ranges that
take into account the long service life of the tunnels. We should make the
decision on whether to tunnel on Life-Cycle-Cost-concepts, not initial capi-
tal cost. The fact that tunnels last a very very long time is never considered
when evaluating a tunnels against a surface alternative, but should be.

Risk management techniques should be used systematically on all pro-
jects from the very first time that a tunnel is even considered. The proper
use of risk management techniques can significantly reduce the likelihood
of encountering problems in tunnelling. There still are too many cases of
tunnel failures but these can, and must, be reduced significantly by proper
use of risk management techniques. The reduction of problems during
construction will also greatly improve our industry’s image.

It should always be remembered that tunnels are an investment, not
a cost. An improved image will result in more tunnels being built and
therefore greater advantages to the public.

"“’“‘7")”5’4’

Harvey W. Parker,

President
International Tunnelling Association ITA - AITES
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VYVOJ PODZEMNIHO STAVITELSTVI V CESKE REPUBLICE

DEVELOPMENT OF UNDERGROUND ENGINEERING
IN THE CZECH REPUBLIC

JIRI BARTAK

Cilem ndplné prvni poloviny tohoto Cisla casopisu Tunel je podat vystizny, i kdyZ pochopitelné ne zcela vycerpdvajici piehled o podzemnim sta-
vitelstvi v Ceské republice (15 ndsledujicich prispevki, strana 2—62).

V prvni &dsti vvodniho Eldnku jsou vzpomenuta nejdiileZitéjsi, vpravdé historickd podzemni dila a vzdjemné souvislosti s pribuznymi obory
(napt. hornictvim, vodohospoddrskymi dily a podzemnimi fortifikacemi); v dalsi &dsti je potom stru¢né popsdn technologicky vyvoj podzemniho
stavitelstvi druhé poloviny 20. stoleti a uvddéji se vesmes stavby do soucasnosti jiZ dokoncené a provozované (vyjimkou je zminka o kolektoru
Vodickova v Praze, v némz byly na konci roku 2005 dokoncovdny razby).

Po vvodnim Eldnku ndsleduji tFi prispévky vénované jednak probihajicim i dokoncenym realizacim nejduleZitéjsich tunelii na Zelezniénich kori-
dorech, které jsou modernizovdny na vysokorychlostni provoz, jednak i pomérné velkorysym vyhledovym podzemnim diliim, uvaZovanym do
budoucnosti.

Probihajicim realizacim a pldnovanym reSenim silnicnich a ddlnicnich tunelu je vénovdno dalSich pét cldnki. Samostatny prispévek popisuje
ndvrh rozvoje sité prazského metra o novou trasu D.

Posledni iisek je zaméFen na oblasti specidlnich a komundinich podzemnich staveb. Cldnky obsahuji informace o podzemnich kaverndch, kolek-
torech a iiloZisti jaderného odpadu. Zdvérecny cldnek je vénovdn pripravované zkuebni Stole Stavebni fakulty CVUT v Praze, situované v lokali-
té Mokrsko ve strednim Povitavi.

Cely tento soubor ¢ldnkii se ve zkrdcené verzi dotykd rady témat, kterd budou podrobnéji zpracovdna v souhrnné antologii o ceském podzemnim
stavitelstvi, pripravované ve formé reprezentacni publikace. Tu obdrZi vichni registrovani iicastnici Svétového tuneldrského kongresu Praha 2007.

Témata jednotlivych prispévkii byla jako reprezentativni vzorky ceského tuneldistvi vybrdna cleny redakcéni rady publikace a redakéni rady caso-
pisu Tunel. Na vlastnim zpracovdni prispévkii se podilel kolektiv autorii s odpovidajicim profesnim zamérenim.

The objective of the contents of the first half of this Tunel magazine issue is to offer an accurate, even if not totally comprehensive overview of underg-
round engineering in the Czech Republic (the 15 following papers, pages 2 — 62).

The initial part of the opening article recalls the most important, truly historic underground works and mutual connections with related industrial
branches (e.g. mining, hydraulic works and underground fortifications); the next part briefly describes the technological development of underground engi-
neering in the second half of the 20th century, and gives examples of projects, which have mostly been completed and are operational (with the exception
of the utility tunnel under Vodickova Street in Prague, where the excavation operations were being completed by the end of 2005).

The opening article is followed by three papers dedicated both to the most important tunnels (under construction or completed) for railway corridors which have
been upgraded for high-speed operation and to relatively grandiose prospective underground construction projects which are being considered for the future.

Subsequent articles deal with the current construction and planned development of road and motorway tunnels. An independent paper describes
a proposal on the development of the Prague Metro network by the addition of a new line, the Line D.

The last portion is dedicated to the area of special and community underground structures. The articles contain information on underground caverns,
utility tunnels and a repository for radioactive waste. The closing article is dedicated to a testing gallery being prepared by the Faculty of Civil Enginee-
ring of the Technical University in Prague, which is situated in the Mokrsko locality along the central stretch of the Vitava River.

An abbreviated version of the whole set of these articles touches on a wide range of topics that will be dealt with in much more detail in a synoptic
anthology on Czech underground engineering, which is being prepared in the form of a representative publication. This publication will be issued to all
registered attendees of the World Tunnel Congress Prague 2007.

The members of the Editorial Board of the publication and members of the editorial board of Tunel magazine selected the topics of the individual papers
as representative samples of the Czech tunnelling industry. The authors of the papers are professionals in their own relevant fields.

UVOD DO CESKEHO PODZEMI - STAV DO SOUCASNOSTI
INTRODUCTION INTO THE CZECH UNERGROUND - THE PAST

HISTORICKE PODZEMNI STAVBY

Podzemni stavby jsou neodmyslitelné spjaty s horninovym prostie-
dim, v némzZ jsou budovdny. Stafi, puvod a typ hornin, tvoricich hor-
ninovy masiv, vyrazné ovliviiuji prubéh a bezpelnost tunelovéni.
Nikoliv ndhodou i prosluld nejstar§i odbornd publikace tykajici se
duln{ Cinnosti v podzemi, kterou je ucebnicové pojaté dilo Georgia
Agricoly ,,De Re Metallica Libri XII*, v knize druhé a tfeti pojednava
v podstaté o problematice geologicko-morfologické a pruzkumné.
Porozumeéni geologickému vyvoji a obvykle komplikovanym vlast-
nostem prostredi, které ndleZeji zdjmovému tzemi, je nutnym predpo-
kladem tdspésného kondni v mnohostranné ndro¢ném oboru podzem-
niho stavitelstvi.

STRUCNA CHARAKTERISTIKA GEOLOGICKEHO VYVOJE
A MORFOLOGIE UZEMi CESKE REPUBLIKY

Z regiondlné-geologického hlediska Ize oblast CR rozdélit na dva
zdkladni celky — Cesky masiv a Karpatskou soustavu. K Ceskému

HISTORIC UNDERGROUND CONSTRUCTION

Underground structures are always associated with the rock envi-
ronment that they are built in. The age, origin and type of the rock for-
ming the rock massifs significantly affect the course and safety of tun-
nelling. It is not by chance that even the famous oldest technical book
dealing with mining operations in the underground, the textbook-like
work by Georgius Agricola “De Re Metallica Libri XII”, in the volae-
quisite for doing business in the demanding field of underground engi-
neering successfully.

BRIEF CHARACTERISTICS OF THE GEOLOGICAL HISTORY
AND MORPHOLOGY OF THE TERRITORY OF THE CZECH
REPUBLIC

From the regional geological perspective, the territory of the Czech
Republic can be divided into two basic units, i.e. the Bohemian Mas-
sif and the Carpathian System. The Bohemian Massif comprises Bohe-
mia, Western Moravia and Silesia; the Carpathian System consists of
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Obr. 1 Schematickad tektonickd mapa Ceského masivu s hlavnimi rudnymi
loZisky
Fig. 1 Schematic map of the Bohemian Massif with the main ore deposits

masivu patif Cechy, zdpadni Morava a Slezsko, ke Karpatské soustavé
vychodni a jihovychodni Morava. Hranice mezi obéma soustavami
probihd ve sméru JZ-SV po linii Znojmo — Vyskov — Prerov — Karvi-
nd. V dusledku rizného vyvoje geotektonickych cykli existuje mezi
Ceskym masivem a Karpatskou soustavou fada rozdil v morfologic-
kém modelovéni povrchu.

S uvédZenim pestrosti horninovych typt a slozité tektonické stavby
se nechi Fici, Ze z hlediska geomorfologického bylo tizemi CR his-
toricky preduréeno zejména k téZebni exploataci podzemi a v mno-
hem men§i mife k vyuZiti podzemi pro komunika¢ni spoje.

Stara dulni dila. V tvodu zaméfeném na vseobecny historicky
piehled o Ceském podzemi nelze proto opomenout historickd duln{
dila, predevs§im rudnd, byt se o stavby v pravém slova smyslu ne-
jedna.

V prostoru Ceského masivu k nejvyznamnéj§im oblastem, s mno-
hasetletou a vyznamnou hornickou minulosti azZz po neddvnou
soucasnost, s fadou rudnych reviri patfila sasko-durynské (krusno-
horskd) strukturni zéna. Je vymezena oblasti Kru$nych hor, Slav-
kovského a Ceského lesa; jsou v ni uloZena polymetalické loZiska
s obsahem stfibra, médi, cinu, wolframu, olova, bizmutu, zinku,
niklu, kobaltu a uranu. K nejvyznamnéj$§im dulnim revirum patfily
Jachymov, Horni Slavkov, Krupka a Cinovec (obr. 1).

S jachymovskym revirem je svazdno vynikajici renesancni literdr-
ni dilo, které je pokldddno za nejstar$i komplexni ucebnici banskych
véd, kniha Georgia Agricoly ,,De Re Metallica Libri XII* (,,Dvandct
knih o hornictvi a hutnictvi®). G. Agricola pracoval v Jachymové
jako 1ékdrnik a 1ékar v letech 1527 az 1531, vyrazné se vSak angazo-
val, vzhledem ke svému zdjmu o mineralogii, i ve zdejsi dulni ¢in-
nosti. Jachymov se totiz po objevu bohatého stiibrného loZziska
v roce 1516 rozrostl v dobé prichodu G. Agricoly na mésto mimo-
fddné velikosti a vyznamu. PoCet jeho obyvatel dosdhl 18 000, hor-
nickou praci se zabyvalo 8000 délnika, 400 sménmistri a 800 dul-
nich dozorca. Primérny ro¢ni vytéZek presahoval aZ neuvéfitelnych
10 000 kg stribra.

Skvélé latinsky psané dilo G. Agricoly bylo v Jichymove zapoca-
to, dokonc¢eno bylo vSak az okolo roku 1550 a poprvé vyddno v Basi-
leji rokul556, nékolik mésici po Agricolové dmrti. Dilo je nejen
dobovym odbornym pojednanim evropského vyznamu na prahu
novovéku, svym stylem a provedenim je soucasné i uCebnici, kterd
poloZila zdklad pozdéjsiho rozvoje banského §kolstvi (obr. 2 a 3).

Podzemi historickych meést. Sklepy, chodby a katakomby tvori
Casto rozsdhlé labyrinty pod historickymi jadry mést. Tyto podzemnf
prostory, stejné jako sklepeni hradd a zdmka, byly téméf vidy

puvodné uréeny ke skladovéni potravin a ziskdvani pitné vody, nebot’

v nich byly ¢asto pramenné jimky a studny, které byly v podzemi
dobre chrdnény proti znelisténi. Zprvu pod jednotlivymi domy,
lemujicimi stfedovékd namésti, vznikala dimyslné utvéarena sklepe-
ni. Do tehdejsich lednic vedly zpravidla z povrchu tzké kominy ke
spousténi kusu ledu, roztitou vodu i prebyte¢nou podzemni vodu
odvédely kandly trativodu, takZe vysokd hladina vody neohroZovala
stabilitu vyrubu.

Pozdéji mimorfadny hospodarsky rozkvet nekterych stredovékych
mést vedl k tomu, Ze bohati majitelé vytvareli dal$i patra rozsahlych

Obr. 2 Vyobrazeni vydrevy Stoly z Knihy pdté G. Agricoly
Fig. 2 A figure of gallery timbering from Volume Five of G. Argicola’s book

Eastern and South-Eastern Moravia. The divide between the two sys-
tems runs in the SW-NE direction, along the Znojmo — VySkov — Pre-
rov — Karvind line. Owing to the different development of geotectonic
cycles, there are many differences between the Bohemian Massif and
the Carpathian System in the terrain modelling.

Considering the variety of rock/ground types and the complex tec-
tonic structure, we can say that, from a geomorphological perspective,
the territory of the CR is historically predetermined above all to be
exploited for underground mining and, to much lesser extent, to offer
the underground to communications routes.

Old mining works. The introduction focused on general historic
survey of the Czech underground cannot omit historic mining works,
primarily ore mining works, even though these are not real underg-
round structures.

Among the most important regions with hundreds of years long and
important mining history, containing many ore districts even in the not
so distant past, belonged the Saxony-Thuringian (the Erz gebirge)
structural zone. It consists of the Krusne Hory Mountains (the Erz
gebirge), Slavkov (Austerlitz) Forest and Bohemian Forest; it contains
polymetallic deposits with contents of silver, copper, tin, wolfram,
lead, bismuth, zinc, nic-
kel, cobalt and uranium.
Jachymov, Horni Slavkov,
Krupka and Cinovec were
some of the most impor-
tant districts (see Fig. 1).

The Jachymov district is
associated with outstan-
ding Renaissance work,
which is considered to be
the oldest comprehensive
mining sciences textbook,
the book by Georgius
Agricola “De Re Metallica
Libri XII”” (“Twelve Books
on Mining and Metallur-
gy”). G. Agricola worked
in Jachymov as a pharma-
cist and physician in the
years 1527 to 1531, but,
because of his interest in
mineralogy, he enthusiasti-
cally embarked on local
mining operations. The
reason was the fact that
Jachymov, after the disco-
very of a rich deposit of
silverin 1516, grew during  opy. 3 Vyobrazeni téiniho stroje z Knihy
the period around G. Agri-

’ - Sesté G. Agricoly
cola’s arrival to become an  F ig. 3 A figure of a hoisting machine from
extraordinarily big and

Volume Six of G. Argicola’s book




Obr. 4 Charakter vyrubu znojemského podzemi (Oto Masek)
Fig. 4 Cellars in Znojmo underground (Oto Masek)

sklepeni, kterd presdhla pudorysy jednotlivych domu. Postupné vza-
jemné propojovéni sklept v soustavu podzemnich prostor souviselo
nejen s roz§ifovanim a propojovdnim majetku, ale prindselo téZ velké
vyhody pfi mimordadnych uddlostech, jakymi byly ¢asté poZéary nebo
obléhéni nepratelskymi vojsky, nejcastéji oboji najednou. Vystavba
a udrzovani plné funkcnosti podzemnich soustav byly technicky
ndro¢né a soucasn¢ ndkladné. Podzemi jsou proto typickd pro mésta
vyznamné a bohatd, kterd potfebovala hospoddrské zdzemi a méla
dostatek prostfedkl na svoje zabezpedeni (napf. Znojmo, Jihlava,
Tébor, Brno a dalsi — obr. 4).

Rudolfova $tola v Praze. V ranném novovéku vzniklo v Cechach
dosud zachované a funk¢ni dilo, které je pozoruhodnou historickou
podzemni stavbou, jejiz vyznam jako nejen Cisté technického dila,
spjatého s osobnosti cisare Rudolfa II. Habsburského, presahuje
ramec Ceskych zemi i stiedni Evropy. Jednd se o vodohospodafskou
Stolu délky 1100 m, jejimz ucelem bylo bez ndro¢ného Cerpani zdso-
bovat vodou uméle zfizené rybniky v Krélovské obofe (dne$ni park
Stromovka). Rudolfova Stola protinala pro Prahu typicky vltavsky
meandr, obtékajici letensky ostroh, tvofeny pevnymi ordovickymi
horninami; zkrdcenim toku byl ziskén ve Stole potfebny spad pro gra-
vitaéni napéjeni zavlaZovacich rybniku.

Obdélnikova $tola s primérnou §itkou 1 m a vySkou 2,2 m byla
raZzena soucasné z 10 Celeb, z nichZ 8 bylo obsluhovano ze 4 mezi-
lehlych Sachet a 2 z portdlu; pdtd Sachta se v prubéhu praci zavalila
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Obr. 5 ,,Vérné vyobrazeni Rudolfovy Stoly od Isaaca Phendlera — vyrez
(Archiv NTM v Praze)

Fig. 5 “Authentic image” of the Rudolf gallery by Isaac Phendler — section
(Archive NTM in Prague)
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important town. Its population reached 18,000, with 8,000 mine dig-
gers, 400 shift leaders and 800 viewers.

The average annual recovery exceeded an unbelievable 10,000kg of
silver.

G. Agricola started his magnificent Latin work in Jichymov, howe-
ver, he was not to complete it until about 1550. The first edition took
place in Basel in 1556, several months after Agricola’s death. The
work is not only a period technical publication of European importan-
ce, which was prepared at the threshold of Modern Times. Through its
style and concept it is also the textbook that laid foundation of the sub-
sequent development of mining education (see Fig. 2 and 3).

The subsurface of historic towns. Cellars, corridors and catacombs
often form extensive labyrinths under historic cores of towns. Those
subsurface spaces, identically with cellars in castles and chateaus,
were always originally designed for food storage and provision of
potable water as there were catchments and wells well protected from
pollution there. Sophisticated systems of cellars were developed star-
ting originally under individual houses around medieval squares.
Blocks of ice were lowered from the surface to the refrigerators of the
period usually through narrow chimneys. Water from melting ice and
excessive ground water was evacuated by drains, therefore high water
table did not threaten the stability of the caverns.

Later the extraordinary economic flourishing of some medieval towns
led to a situation where rich owners developed additional levels of
extensive cellars, which reached outside the footprints of individual hou-
ses. The gradual process of interconnecting the cellars to form a system
of underground spaces was associated not only with the efforts to
expand and interconnect the properties, but it also provided significant
advantage in emergencies, for instance the cases of fires, which were in
those days frequent, or besieging by enemy armies, most often both
together. The process of building and maintaining the underground sys-
tems fully serviceable was technically demanding and costly. The
underground systems are therefore typical of important and rich towns,
which needed economic background and had sufficient economic power
for their protection (e.g. Znojmo, Jihlava, Tébor, Brno etc. — see Fig. 4).

The Rudolf Gallery in Prague. The construction, which continues
to function and be maintained to this day, was first built in Bohemia in
the Middle Ages. It is a remarkable underground construction. The sig-
nificance of this remarkable historic underground structure reaches
beyond the limits of the Bohemian provinces and indeed Central Euro-
pe, not just for its association with Emperor Rudolf II of Hapsburg.
The works in question is a 1,100m long water supply gallery, which
was built to make supplies of water to artificial ponds in Royal Deer
Park (today’s Stromovka Park) possible without complex pumping
systems. The Rudolf gallery cut through a typical Prague meander of
the Vltava River, which flows around the Letn4 hill’s nose consisting
of massive Ordovician rock. The shortened route of the flow provided
the gradient required for gravity supply of the irrigation ponds.

The gallery rectangular cross-section (the width 1m and height
2.2m on average) was driven simultaneously from 10 points of attack,
with the access to 8 of them from 4 intermediate shafts and 2 from por-
tals; a fifth shaft collapsed in the course of the work and was not utili-
sed any more. Despite this high number of points of attack which the

Obr. 6 Historicky portdl Rudolfovy
Stoly v byvalé Krdlovské obore
a) celkovy pohled;
b) letopocet a monogram
Rudolfa I1. Habsburského
Fig. 6 The historic portal of the
Rudolf gallery in the former
royal deer-park
a) overall view; b) year and
monogram of Rudolf II of
Habsburg
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Obr. 7 Podzemi prvni praZské Cistirny odpadnich vod
Fig. 7 The underground space of the first sewage treatment plant in Prague

a nebyla ddle pouZivéna. I pfes tento znaény pocet pracovist, z nichZ
se provadéla razba, trvala pozvanym kutnohorskym havifum pod
fizenim dvorniho mincmistra Lazara Erckera ru¢ni razba v prokre-
menélych bridlicich letenského souvrstvi dlouhych 11 let v obdobi
od roku 1582 do roku 1593 (obr. 5 a 6).

Prvni kanalizace s Cistirnou odpadnich vod. PrestoZe ve staro-
veku a stfedovéku byly uZivdny vyjimecné pro odvod splasku i pod-
zemni stoky (k nejstarSim a nejzndméjSim patii fimskd ,,Cloaca
Maxima“), nejbéZnéj8im feSenim i v pokroc¢ilém novovéku zistdva-
ly strouhy vedouci stfedem ulic & podél domu. MéStané do nich
vylévali a sypali odpady ze svych domu a destové privaly Cas od Casu
vSechno spldchly. Je nasnadé, Ze fada velkych epidemii moru, chole-
ry a tyfu méla pfi¢inu v tomto stavu.

V Cechich byl prvni projekt kanalizatni sité vypracovan pro
Prahu profesorem Hergetem ze Stavovské inZenyrské Skoly v roce
1787. Nerealizovany projekt byl v roce 1791 prepracovdn a v letech
1818 az 1828, zdsluhou osobni a zejména finanéni podpory hrabéte
K. Chotka, nejvysiiho purkrabiho v Cechach, bylo vybudovino
44 km kanaliza¢nich stok; splasky v8ak jimi byly odvddény do Vlta-
vy bez Cisténi.

Mimorddné kvalitni projekt kanaliza¢ni sit¢ pod Starym a Césti
Nového Mésta prazského vypracoval v roce 1893 anglicky inZenyr
W. H. Lindley. Realizace tohoto projektu byla dokonfena v roce
1907 (obr. 7) a spolu s 90 km stokové sité prinesla Praze i prvni Cis-
tirnu odpadnich vod v Bubenci. Od roku 1967 je stard bubenecska
¢istirna mimo provoz, z hlediska stavebniho se vSak jednd o jeden ze
skvostu industridln{ architektury konce 19. stoleti.

Od pocatku 20. stoleti se prazsky kanalizalni systém nepretrZité
roz§ifuje a modernizuje. V soufasné dobé dosahuje dctyhodnych
2500 km délky.

Pevnostni podzemi. Obranné a tnikové podzemni chodby hradu
a stfedovékych bohatych mést byly v prubéhu ¢asu nahrazeny dumy-
slnymi podzemnimi stavbami, které byly realizovany jako aktivni
souldst zbranovych systému a vojenské taktiky. K nejvyznamnéjsim
podzemnim stavbam tohoto typu patii barokni fortifikovand mésta
Terezin a Josefov z 2. poloviny 18. stoleti a pevnostni obrannd linie
v severovychodnich Sudetech z 30. let 20. stoleti. Pozdé&jsi zastitné
stavby z 2. poloviny 20. stoleti, kterych rozhodné neni na tizemi CR
malo, podléhaji z vetsi ¢asti i v soucasnosti utajeni.

Dopravni tunely. Po 1. Ctvrtiné 19. stoleti nastal velky rozmach
tunelového stavitelstvi. Ten souvisel s celosvétovym ndstupem Zelez-
nice, kterd po kratkém ,konském® obdobi ovlddla celé 19. stoleti,
opravnéné nazgvané ,stoletim péry“. Pro Zeleznici v Ceskych
zemich, kterd ma vice nez 160letou historii, je vyznamnym dnem
7. Cervenec 1839, kdy byl zahdjen ,,Prvni parostrojni provoz* mezi
Vidni a Brnem.

V prubéhu 19. a prvni poloviny 20. stoleti bylo postaveno na tra-
tich Ceskych drah 149 Zelezni¢nich tuneli s délkou zhruba 36,5 km,
a lze se proto zminit pouze o nékterych pozoruhodnéjsich.

Nejstar$im dilem, s velmi pohnutou historif, byla stavba dvouko-
lejného Trebovického tunelu (1842 a7 1845) na trati Ceskd Trebo-
va — Olomouc, razené¢ho jadrovou metodou v délce 508 m s velkymi
problémy v prostredi bobtnavych a silné tlafivych miocénnich jilt

TuouHel

excavation was carried out from, the hand excavation through quartzi-
ferous shale of the Letnd Member took the miners invited from Kutnd
Hora and managed by Lazar Ercker, a court master of the mint, long
11 years, in the period from 1582 to 1593 (see Fig. 5 and 6).

First sewerage with a sewage treatment plant. Despite the fact
that sewage was disposed of in ancient Rome and in the Middle Ages
exceptionally even by underground sewers (the “Cloaca Maxima” in
Rome belongs among the oldest best known), the most common way
remained to be ditches running in the middle of streets or along hou-
ses even in the advanced modern era. Citizens poured liquid and loose
waste from their houses to the ditches, and flash floods flushed eve-
rything away from time to time. It is obvious that many serious plague,
cholera and typhus epidemics resulted from this condition.

The first sewerage network in Bohemia was designed for Prague by
professor Hergert from the States’ School of Engineering in 1787. The
design was not realised. The network was redesigned in 1791 and
sewers at a length of 44km were built in the years 1818 to 1828, owing
to personal and above all financial support by count K. Chotek. Sewa-
ge, however, was discharged to the Vltava River untreated.

An exceptionally high quality design of sewerage network under
Prague Old Town and part of New Town was developed by W.H.Lind-
ley, an English engineer, in 1893. The construction was completed in
1907 (see Fig. 7). Together with 90km of sewer lines it brought the
first sewage treatment plant, the Bubene¢ plant, to Prague. The old
Bubene¢ treatment plant has been out of service since 1967, however
its structure remains to be one of gems of industrial architecture from
the end of the 19th century.

The Prague sewerage system has been extended and modernised
continuously since the beginning of the 20th century. Currently its
length reaches respectable 2,500km.

Fortification underground spaces. Defence and escape underg-
round galleries in castles and rich medieval towns were gradually repla-
ced by sophisticated underground structures, which were built as active
parts of weapon systems and military tactics. Among the most important
underground structures of this type are counted Baroque fortress towns
Terezin and Josefov from the 2nd half of the 18th century, and a line of
defence fortresses in north-eastern Sudetenland built in the 1930s.
Defence structures built in the 2nd half of the 20th century, which are not
rare in the Czech Republic, are currently mostly kept secret.

Transit tunnels. A tunnel construction boom started after the 1st
quarter of the 19th century. It was associated with the worldwide spread
of railway traffic, which, after a short period of horse railway, gained
control of the whole 19th century, which is really entitled to be called the

Obr. 8 Trebovicky tunel — schéma pobirdni jadrovou metodou
Fig. 8 The Trebovice tunnel — a chart of excavation sequences using the
German system
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(obr. 8). Té7ké poruchy obezdivky vedly v roce 1866 po 21 letech
provozu k opustén{ tunelu a trat’byla vedena ndhradn{ trasou na povr-
chu. Po 66 letech, v roce 1932, byl tunel po rekonstrukci jako jedno-
kolejny znovu uveden do provozu. V roce 2004 byl v rdmci moder-
nizace Zelezni¢nich koridoru stary Trebovicky tunel definitivné
opustén.

Pozoruhodnym dilem byl Slavi¢, prvni hloubeny tunel v Ceskych
zemich, realizovany v letech 1845 a7 1847 na trati Pferov — Hranice
na Moravé. Tunel délky 260 m byl také realizovdn jadrovou meto-
dou, ale jeji ,otevienou® variantou (opéry tunelu se provedly
v ryhédch, klenba byla vyzdéna na skruZich opfenych o horninové
jadro). V roce 1873 byla Zelezniéni trat’ preloZena o 100 m k jihu
a tunel byl opustén. Unikdtni solitérni tunelovy objekt je veden
v seznamu kulturnich pamétek CR.

Prvnimi velkymi podzemnimi stavbami v centru Prahy byly Vino-
hradské tunely (obr. 9). Nejstarsi byl v délce 1139 m vyrazen pili-
fovou rakouskou soustavou v letech 1869 a7z 1871 jako soucdst jed-
nokolejné drahy cisare FrantiSka Josefa I. z Gmiindu do Prahy. Jeho
kapacita v3ak zdhy prestala vyhovovat rastu dopravni zétéZe
a v letech 1940 az 1944 byl vyraZen druhy tunel délky 1122 m,
s technicky zajiStenym predpokladem vystavby tretiho tunelu. Ten
vSak byl realizovan az v letech 1983 az 1989. .

Nejdel§im Zelezni¢nim tunelem v CR je tunel Spi¢acky na trati
Zeleznd Ruda — Plzen, jeho délka je 1747 m. Byl razen v letech
1874 az 1877 v masivu svorovych rul soucasné z 6 Celeb (2 vnéjsi, 4
vnitini). To bylo umoZnéno provedenim dvou 90 m hlubokych
Sachet, které byly vyhloubeny v tbo¢ich hory Spi¢dk aZ na trovern
pocvy dvoukolejného tunelu. V letech 1977 az 1982 byla provedena
rozsahld rekonstrukce tunelu s vyuzitim vyztuZeného strikaného
betonu a svornikové vyztuze. V soucasné dob¢ je tunel provozovan
jako jednokolejny.

V prvni poloviné 20. stoleti k Zelezni¢nim tunelam pribyly v mno-
hem mensi, téméf zanedbatelné mite tunely silni¢ni, které nebyly,
vzhledem k morfologii naseho tzemi, na silni¢nich tazich stars$iho
typu nutné.

Témer jako kuriozity 1ze uvést tfi tunely, jejichz délky se pohybu-
ji v prvnich desitkdch metri — VySehradsky tunel v Praze (délka cca
30 m — obr. 10), Kokorinsky tunel u Mélnika (dl. 23,7 m) a Seésky
tunel (dl. 36,5 m) u hraze stejnojmenné piehrady v Zeleznych horach
(obr. 11). VSechny tfi tunely plni stejné posldni — zajistily vyrazné
zkréceni velmi potrebného komunikaéniho spojeni a soucasné ochra-
nily cenné prirodni lokality a historické pamadtky pfed ohroZzenim
pripadnymi povrchovymi zédfezy.

Typickym méstskym automobilovym tunelem je prazsky Leten-
sky tunel (obr. 12) délky 426 m, ktery byl v letech 1949 az 1953
postaven klasickym pilifovym systémem pomoci modifikované
rakouské soustavy. Trasa tunelu je esovitd a v celé délce ma sklon
54 %, véetné 156 m dlouhého predzafezu na severni stran¢ tunelu.
Od roku 1969 je tunel vétran nucenou ventilaci; pfi rekonstrukci
v roce 2003 byl vybaven standardnim bezpecnostnim zafizenim
s modernim fidicim systémem. Podstatné byl zvySen vykon vzdu-
chotechniky, ktery nyni zabranuje tniku Skodlivin z portdld do
ovzdusi a zabezpeluje i pozarni odvétran{ tunelu.

Obdobnym automobilovym tunelem na protilehlé strané vltavské-
ho ddoli mel byt tunel Zizkov — Karlin, ktery byl vyprojektovéan ve

Obr. 9 Vinohradské tunely
Fig. 9 The Vinohrady tunnels

“age of steam”. A proud day in the 160-year
history of railways in the Czech provinces is
7 July 1839, when the “First steam train ser-
vice” between Vienna and Brno commenced.

The 19th century and first half of the 20th
century saw 149 railway tunnels built on
Czech rail lines, with an aggregated length
of 36.5km. This is why we can mention only
some of the more remarkable of them.

The oldest works with very troubled his-
tory was the construction of the 508m long
double-rail Trebovice tunnel (1842 — 1845)
on the rail line Ceské Tfebova — Olomouc,
which was driven using the German system,
with serious problems due to the geology
consisting of swelling and heavily squee-
zing Miocene clay (see Fig. 8). Serious defects of the lining caused
that the line was abandoned in 1866, after 21-year operation. The track
was diverted on to another, at-grade route. After 66 years, in 1932, the
tunnel was reopened to traffic, after conversion to a single-track con-
figuration. The old Ttebovice tunnel was abandoned definitively after
the year 2004, in the framework of modernisation of railway corridors.

The Slavi¢ tunnel was notable as the first cut-and-cover tunnel in
Czech provinces constructed in the years 1845 — 1847 on the rail line
Prerov — Hranice na Morave. The 260m long tunnel was also excava-
ted using the German system, but its “open” variant (tunnel side walls
were built in trenches, the masonry vault was installed on a scaffold
braced against the rock core). The railway line was relocated in 1873,

Obr. 10 VySehradsky tunel
a) severni (podskalsky) portdl; b) jizni (podolsky) portdl
Fig. 10 The VySehrad tunnel
a) the north (Podskali side) portal; b) the south (Podoli side) portal
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stejné dobé prakticky v obdobnych parametrech jako tunel Letensky.
K realizaci automobilového tunelu vSak nedoslo, a tak v soucasnosti
existuje pouze stejnojmenny fragment pivodniho zdméru, kterym je

tunel pro pési délky 469 m. Byl postaven v letech 1949 a7 1953 a je
trvale vyuZivén (obr. 13).

PODZEMNI STAVBY REALIZOVANE OD 2. POLOVINY
20. STOLETI DO SOUCASNOSTI

Priblizné od konce 50. let zacal vyvoj puvodniho tunelového sta-
vitelstvi probihat na zna¢né §ir§i bézi, postavené na védeckych
postupech zkoumadni problému geomechanickych, stabilitnich i tech-
nologickych. Do mnohem $ifeji pojaté sféry podzemniho stavitelstvi
byly zahrnuty vedle

— tunelt dopravnich (tunely Zelezni¢ni, silni¢ni a ddlni¢ni, pod-
zemni rychlodrdhy),

— §tol a tunelt vodohospodéiskych (vodni privadéce, kanaliza&ni
sbérace a dalsi)

—1 perspektivni podzemni stavby plosné a halové (parkoviste,
garédZe, skladisté, kaverny hydrocentrdl a energetickych zdsobni-
ki, dloZisté nebezpe&nych odpadu apod.).

Vysledky vyzkumu v mechanice hornin, zejména v oblasti pev-
nostnich a deformacnich vlastnosti horninovych masivu a jejich sta-
bilitnich projeva v ¢ase, umoznily zavést do technologickych postu-
pu vystavby tunelt na konci 80. let adaptabilni Novou rakouskou
tunelovaci metodu, kterd prakticky tplné vytlacila do té doby prefe-
rovanou univerzdlni prstencovou metodu s kruhovym tubingovym
osténim, uklddanym erektorem.

Vyzkum v oblasti technologii rozpojovéni hornin vedl v prubéhu
60.a 70. let k nasazeni vykonnych vrtacich zafizeni a k fadé vyznam-
nych poznatkd, umoziiujicich zavedeni milisekundovych odstrela

Obr. 12 Letensky tunel
a) pri¢ny fez; b) vydieva plného vylomu
Fig. 12 The Letnd tunnel
a) cross section; b) timbering of the full-face excavation

-
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shifted 100m in a southerly direction, and the tunnel was abandoned.
This unique solitary structure is a listed cultural monument of the CR.

The first large underground constructions in the centre of Prague
were the Vinohrady tunnels (see Fig. 9). The oldest of them, at
a length of 1139m, was driven using the Austrian Pillar Method in
1869 — 1871 as part of the Emperor Franz Josef I single-track line from
Gmiind to Prague. Its capacity, however, seized to be sufficient for the
growing traffic volume. The second tunnel, 1,122m long, was excava-
ted in 1940 — 1944, with technically guaranteed conditions for the con-
struction of a third tunnel. The third tunnel, however, was built as late
as 1983 to 1989.

The longest railway tunnel of the CR is the 1,747m long Spi¢ak
tunnel on the rail line from Zeleznd Ruda to Plzen. It was excavated
in 1847 to 1877 using 6 concurrent points of attack (2 external, 4 inter-
nal) in the micaceous gneiss rock environment. Two 90m deep access
shafts reaching up to the bottom of the twin-track tunnel had to be sunk
on the slopes of Spi¢ak Hill. In the years 1977 to 1982 the tunnel expe-
rienced extensive reconstruction using shotcrete and rock bolts as the
support. Today the tunnel is operated in a single-track configuration.

The first half of the 20th century saw an addition of road tunnels to
the railway tunnels, although in much smaller, nearly negligible extent
because of the fact that, considering the morphology of our landscape,
they were not necessary on the older type of roads.

Three of those tunnels can be presented nearly as curiosities with
their lengths fluctuating within first tens of meters, i.e. the VySehrad
tunnel in Prague (about 30m long — see Fig. 10), Kokorin tunnel near
Mélnik (23.7m long) and Se¢ tunnel (36.5m long) at a dam of the
same name in the Zelezné Hory Mountains (see Fig. 11). The mission
of all of the three tunnels was to significantly cut a highly needed route
and, at the same time, protect valuable natural localities and historic
monuments from threatening by contingent open cuts.

An example of a typical urban automobile tunnel is the 426m long
Letna tunnel in Prague (see Fig. 12), which was driven in 1949 — 1953

Obr. 11 Seésky tunel by a traditional pillar system using the Modified Austrian Method. The
a) pFehrada s tunelem; b) pohled na portdl whole length of the S-shape curving tunnel is at a uniform gradient of
Fig. 11 The Se¢ tunnel 54%, including a 156m long open cut on the northern side of the tun-
a) the dam with the tunnel; b) a view of the portal nel. Since 1969 the tunnel is ventilated by a forced ventilation system;



15. rocnik - €. 1/2006

Obr. 13 Pohled z tunelu pro pési do zatopeného Karlina pri povodni v roce 2002
Fig. 13 A view of the flooded Karlin district during the 2002 flood, from the
pedestrian tunnel

a fizenych vyloma (hladky vylom, presplitting). To umoznilo zkva-
litnénf a zvySeni presnosti trhacich praci, a to za soucasného snizeni
seismickych G¢inku na povrchovou zéstavbu.

V poloskalnich hornindch a v zemindch doznala ve stejném obdo-
bi zna¢ného a dspesného nasazeni metoda nemechanizovaného §tito-
véni, a to zejména v souvislosti s vystavbou tratovych tuneli metra
v Praze. Ve znatné mensim rozsahu byly v 70. a 80. letech nasazeny
pii razbé tratovych tunelt metra i mechanizované §tity — plnoprofi-
lovy sovétsky Stit TSCB-3 s osténim z .pressbetonu® (napr. na trase
A% pod Vltavou a Starym Méstem) a §tit s otevienym Celem a vyloz-
nikovou frézou (na trase ,,B“ do Vysocan). Podstatny rozvoj stroji-
renskych technologii umoznil v 70. letech zavést a v prubéhu Casu
zdokonalit mechanizovanou razbu plnoprofilovymi razicimi stroji
v pevnych skalnich hornindch, i kdyZ pouze menSich praméra
(do 4 m). Nicméné rozsah podzemnich dél, realizovanych v letech
1970 az 1995 razicimi stroji v CR je zna¢ny, i kdyZ malo znamy — 25
vyznamnych vodovodnich privadécu, kanalizainich stok a kabelo-
vych §tol o celkové délce 67 133 m.

Nasledujici vycet podzemnich staveb, vzniklych v uvedeném
obdobi, zdaleka nenf udplny, jeho cilem je pfipomenout nékterd sté-
zejni dila, kterd jiz vesmés prokédzala svou vysokou uZitnou hodnotu
v civilizaéni infrastruktufe.

DOPRAVNI TUNELY

Obdobi po roce 1945 bylo v Zelezniéni siti Ceskych drah charak-
terizovdno nejprve sanaci vdlkou poskozenych staveb a v 60. letech
zahdjenim rozsahlého programu rekonstrukce Zeleznicnich tuneli,
souvisejici s dpravami prujezdného profilu a elektrifikaci trati.
K nejvyznamnéjS$im patfila napf. rekonstrukce 10 dvoukolejnych
tzv. blanenskych tuneld na trati Brno — Ceskd Tiebovd, dile rekon-
strukce tunelu povltavskych, nelahozevskych a dalSich. Novych

Obr. 15 Tunel Veprek
Fig. 15 The Veprek tunnel

Obr. 14 Tunelové osténi systému BEBO
Fig. 14 The BEBO system tunnel lining

standard safety equipment with a modern control system was added in
2003 as part of a reconstruction contract. The ventilation performance
increased substantially. It is capable of preventing pollutants from esca-
ping from the portals to the atmosphere and of ventilating the tunnel in
the case of a fire.

A similar automobile tunnel, the Zizkov — Karlin tunnel, was plan-
ned for the other side of the Vltava valley. The design parameters very
similar to those of the Letnd tunnel were applied to this tunnel. This
automobile tunnel, however, was not built; only a fragment of the ori-
ginal intention exists — a 469m long pedestrian tunnel of the same
name. It was built in the years 1949 to 1953, and has been in perma-
nent use (see Fig. 13).

Obr. 16 Tunel Brezno
a) portdl; b) vrubovaci stroj pri zahdjeni razby
Fig. 16 The Brezno tunnel
a) the portal; b) the pre-cutting machine at the beginning of the excavation



Zelezni¢nich tunelt bylo v obdobi od roku 1945 do soucasnosti v siti
CD vybudovino celkem 21.

V roce 1980 byl uveden na preloZce trati Sokolov — Chodov do
provozu 210 m dlouhy Zelezni¢ni tunel, ktery je zajimavy tim, Ze se
jednd o presypavany tunel systému BEBO, coZ je tenkosténnd kon-
strukce z podélnych Zelezobetonovych prefabrikdti, zmonolitiiova-
nych na mobilnich prihradovych skruzich (obr. 14).

V rdmci prestavby Zelezni¢niho uzlu Praha, kromé v 60. letech
postaveného Zelezni¢niho tunelu pod Bilou Skélou, probéhla
v letech 1983 — 1989 jiz zminénd dostavba III. Vinohradského
tunelu, napojeného pomoci rozpletu na dvoukolejnou pocatecni ¢ast
tunelu, provedenou v predchozi etapé (1940 az 1944). Navazujici
razba dvou jednokolejnych tunelti byla provedena prstencovou meto-
dou s kruhovym osténim z Zelezobetonovych prefabrikati, osazova-
nych do vyrubu erektorem. Celkova délka III. Vinohradského tunelu
je 1599 m.

Modernizace trati CD, zahdjend v 90. letech, vyZaduje dalii rekon-
strukce a vystavbu novych tunell, nachézejicich se na tranzitnich
vysokorychlostnich koridorech CD. Jako prvni byl v roce 2002 zpro-
voznén 390 m dlouhy tunel Veprek (obr. 15) nedaleko Kralup nad
Vltavou a v letech 2004 a 2005 dokondend soustava tuneli na optima-
lizovaném tseku trati Ceskd Tiebovd — Pierov. Jedn4 se celkem o pét
tunelt — Krasikovsky, Tatenicky, Hnévkovsky I a IT a Mala Huba
v délkéch podle poradi 1099 m, 141 m, 324 m, 180 m a 462 m. Vsech-
ny tunely byly realizovany jako dvoukolejné metodou NRTM.

Technologie obvodového vrubu s predklenbou, kterd je ve svété
spojovéna s francouzskou spoletnosti PERFOREX, byla v Ceské
republice pouZita poprvé pii vystavbé Zelezni¢niho tunelu Brezno
u Chomutova, zahdjené v roce 2002 (obr. 16). Pfi pouZiti této meto-
dy neexistuje volny zdb€rovy prstenec, v némZ by byl lic masivu
nezajistény nebo podpirany pouze liniovymi prvky s mezerami, jako
jsou napr. jehly nebo subhorizontdlni mikropiloty. Neustdlé celop-
lo$né podepreni vyrubu betonovym primédrnim osténim se jevi jako
prednost této metody. Nicméné v podminkdch silné poruseného bre-
zenského jilovcového masivu doSlo po vyrazeni 860 m tunelu
k mimoradné uddlosti, spocivajici v fetézové ztraté stability nékoli-
ka predkleneb a vystavba tunelu musela byt prerusSena. Optimdlni
a hlavné bezpedny zpusob likvidace zdvalu a dostavby tunelu je
v soulasné  dobé
predmétem spojeného
usili v8ech uclastniku
vystavby.

Silnicni a ddlnicni
tunely se v CR objevily
az na konci 20. stoleti
v souvislosti s vystav-
bou méstskych okruha,
s modernizaci stdvajici
silni¢ni sité¢ a s vystav-
bou novych délnic.
Prvnim tunelem na
méstském okruhu byl
Strahovsky tunel se
dvéma troubami délky
2000 m, postaveny
v letech 1984 — 1997
v Praze. Neprimérené
dlouhd doba vystavby
vyplynula mj. z vyraz-
ného ttlumu investic do
této stavby na zacdtku
90. let. Pfi stavbé Stra-
hovského tunelu byly
pouzity dvé technolo-
gie — razba nemecha-
nizovanym poloStitem
a prstencovd metoda
s erektorem; v obou pri-
padech bylo definitivni
osténi z Zelezobetono-
vych tubingt ukldddno
na opery, predem vybe-
tonované v predstihove
vyrazenych opérovych
stolach (obr. 17).

4. FAZE / PHASE 4

Obr. 17 Strahovsky tunel
Fig. 17 The Strahov tunnel
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Obr. 18 Pisdrecky tunel
Fig. 18 The Pisdrky tunnel

UNDERGROUND PROJECTS COMPLETED FROM THE 2ND
HALF OF THE 20™H CENTURY TO THE PRESENT DAY

Approximately since the end of the 50s, the original basis of the
tunnel engineering development started to widen by using scientific
methods of research in geomechanical, technological and stability pro-
blems. The sphere of underground construction comprising traffic tun-
nels (railway, highway and motorway, high-speed lines) and water supp-
ly galleries and tunnels (aqueducts, sewers etc.) was extended by incor-
porating prospective areal and large-span underground structures (car
parks, garages, stores, caverns for hydropower schemes and energy-rela-
ted products storage facilities, dangerous waste repositories, etc.).

The results of the research in the rock mechanics, above all in the
sphere of strength-related and deformational properties of rock mass
and their stability manifestations over time, allowed the New Austrian
Tunnelling Method to be introduced into tunnel construction processes
at the end of the 80s. It virtually completely replaced the universal ring
method with its circular segmental lining and erectors.

The research in the area of rock disintegration equipment resulted in
the deployment of high-performance drilling sets and in lots of signi-
ficant knowledge that made the introduction of the timing of blasts
with millisecond delays and controlled blasting (smooth blasting, pre-
splitting) possible. Owing to this development, accuracy of blasting
operations could be improved and, at the same time, seismic effects on
surface buildings decreased.

Regarding semi-rock and soils, non-mechanised shield driving tech-
niques were deployed successfully to a significant extent in the same
time period, primarily on running tunnels of the Prague Metro. Mecha-
nised shields were also used for the excavation of running tunnels of
the metro in the 70s and 80s, although to a lesser extent. A TSCB-3
full-face shield (a TBM) producing compressed concrete lining was
deployed on the Line A section under the VItava River, and an open-
face shield with a roadheader on the Line B to Vysocany. The substan-
tial development of mechanical equipment in the 70s allowed tunnel-
lers to start and continually improve the mechanised excavation of
rock with full-face tunnelling machines (TBMs), even though the dia-
meters were rather small (up to 4m). Nevertheless, the extent of
underground excavation performed by TBMs in the period from 1970
to 1995 in the CR is large, even though little known: 25 major aque-
duct tunnels, sewers and cable tunnels at a total length of 67,133m.

The following summary of underground works carried out in the
above-mentioned period is far from complete. Its objective is to
remind us of some outstanding projects, which have already proven
their high utility value for the civilisation infrastructure.

TRANSIT TUNNELS

The period after 1945 in the railway network of Czech Railways
was characterised at the beginning by rehabilitation of structures
damaged by the war, and then, in the 60s, by the commencement of
an extensive program of reconstruction of railway tunnels, which was
connected with modification of the clearance profile and electrificati-

on of rail lines.
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a) zdpadni portdl; b) vychodni portdl pred dokonéenim
Fig. 19 The Hrebe¢ tunnel
a) the west portal; b) the east portal before completion

K méstskym tunelum patii i v obdobi 1995 — 1997 postaveny tunel
Pisarecky pod Cervenym vrchem v Brné na tzv. prazské radidle,
kterd je privadéfem ddlnice D1. RaZend ¢ést tunelu v porusenych
skalnich hornindch byla postavena Novou rakouskou tunelovaci
metodou, zasypdvané krajni dseky tunelu v délce 43 a 163 m umoz-
nily velmi citlivé zaclenéni obou portdlu do lesoparkového dzemi
(obr. 18). Do komplexu Velkého méstského okruhu v Brné patii jiz
provozovand stavba — hloubeny tunel Husovicky (dokonéen 1999).

V roce 1997 byl také dokonéen tfipruhovy silni¢ni tunel Hrebed
dl. 350 m na preloZce silnice 1/35 nedaleko Moravské Trebové, ktery
eliminoval obtiZznou trasu pres stejnojmenné horské sedlo. Tunel
s velmi nizkym nadlozim piscitojilovitych hlin byl vybudovin
Novou rakouskou tunelovaci metodou se svislym ¢lenénim vyrubu
(obr. 19).

V roce 1999 byl na frekventovaném useku silnice R35 nedaleko
Lipnika nad Be¢vou uveden do provozu dvoulodni presypavany
tunel systému MATIERE (prefabrikované tenkosténné osténi z vel-
korozmérovych dilu).

V roce 2004 byla dokonéena vystavba tunelu Mrazovka v Praze.
Tento tunel délky 1300 m je vyznamnou ¢4sti severozdpadniho sek-
toru méstského okruhu v Praze, ktery po dokonceni predpokladaném
v roce 2010 umozni plynulé pfevedeni dopravy v severojiznim sméru
mimo centrdlni historickou oblast mésta. Tunel byl raZzen ve dvou
paralelnich tripruhovych troubdch se dvéma ndrolnymi rozplety
(max. plocha 340 m?) do odbocovacich tunelovych vétvi. Razba pro-
bthala Novou rakouskou tunelovani metodou pfevdzné s vyuZzitim
svislého &lenéni vyrubu v obtiZnych geologickych podminkdch —
z podstatné &dsti v poruSeném masivu ordovickych bridlic a pod niz-
kym nadloZim s povrchovou zdstavbou. Podstatnym problémem pro
ndvrh definitivniho osténi byly vedle horninovych tlaku téZ tlakové
uc¢inky puklinové zvodné, nachédzejici se v horninovém masivu, kterd
komunikovala s prulinovou zvodni v pokryvnych ttvarech. Nakonec
bylo nutné staticky i konstrukéné zakomponovat desku, kterd nese
vozovku, jako tdhlo ztuzujici definitivni osténi tunelu. Tunel
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Among the most important belonged e.g. the reconstruction to
10 double-rail tunnels, so-called Blansko tunnels on the line Brno —
Ceskd Trebovd, the reconstruction to tunnels on the lines along the
Vltava River, the Nelahozeves tunnels etc. The number of new railway
tunnels built from 1945 till now within the network of Czech Railways
amounts to 21.

In 1980, a 210m long railway tunnel was opened to traffic on the
relocated track from Sokolov to Chodov. The tunnel is interesting by
the fact that it is a BEBO system imbanked tunnel. The thin-walled
structure consisting of individual longitudinal reinforced concrete pre-
cast elements was assembled on mobile truss scaffold sets and made
fully continuous (see Fig. 14).

The project of reconstruction of the Prague Railway Intersection con-
sisted not only of the tunnel passing under Bila Skala rock, built in
the 60s. In addition, this project comprised the above-mentioned com-
pletion of excavation of the Vinohrady III tunnel, which was conne-
cted through a bifurcation structure to the old double-rail section con-
structed in the previous phase (1940 — 1944). The continuation in
a form of a pair of single-rail tunnels was excavated using the ring met-
hod, with circular lining from reinforced concrete segments positioned
by erectors. The total length of the Vinohrady III tunnel is of 1,599m.

The modernisation of Czech Railways’ lines started in the 90s. It will
require other reconstruction and construction of new tunnels found
along the high-speed transit corridors of the Czech Railways. The first
into service was the 390m long Veprek tunnel (see Fig. 15) near Kra-
lupy nad Vltavou, followed by a chain of tunnels on the optimised rail-
way section Ceska Trebové — Prerov (completed in 2004 to 2005). This
chain consists of five tunnels, i.e. the Krasikov, Tatenice, Hnévkov
I and II, and Mald Huba with their lengths of 1099m, 141m, 324m,
180m and 462m respectively. All of the tunnels were built using the
NATM.

The Mechanical Pre-Cutting “Prevault” method, which is associated
in the world with French PERFOREX, was used for the first time in the
Czech Republic at the construction of the Brezno tunnel near Chomutov.
The construction started in 2002 (see Fig. 16). A special feature of this

Obr. 20 Tunel Mrdzovka
a) zdpadni trouba pri zahdjeni provozu; b) izolace rozpletu

Fig. 20 The Mrdzovka tunnel
a) inauguration of the western tunnel tube; b) waterproofing of the
wye structure
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Obr. 21 Tunel pro pési na PraZském hrade

a) razba plného profilu; b) cihelnd obezdivka po dokonceni
Fig. 21 The pedestrian tunnel at Prague Castle

a) the full-face excavation; b) the brick lining after completion

Mrizovka byl ocenén jako dopravni stavba roku 2005 v Ceské
republice (obr. 20).

Taktéz v roce 2004 byl na silnici I/8 v rdmci obchvatu Jihlavy uve-
den do provozu hloubeny tunel délky 304 m, ktery byl vybudovén
modifikaci tzv. mildnské metody — na podzemnich sténdch, tvoricich
opérové Casti ostén{ tunelu, byla vybetonovéna plochd stropni klen-
ba, pod niZ se od obou portdli provddéla téZba horniny z vnitiniho
prostoru tunelu Celnim odtéZovanim.

Nebyvd zvykem uvddét mezi dopravnimi podzemnimi stavbami
podchody pro pési, tentokrdt uc¢inme vyjimku. V ervnu roku 2002
byl otevren valem Prasného mostu, ktery tvori severni pfistupovou
cestu do aredlu Prazského hradu, tunelovy pruchod. V rdmci
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method is that there is no unsupported excavation advance length and
the support is continuous, without gaps which do exist e.g. in the case of
forepoles or sub-horizontal micropiles. The uninterrupted support of the
entire rock surface with the primary concrete lining appears to be the
advantage of this method. Nevertheless, an emergency occurred when
860m of the tunnel excavation had been completed, due to the heavily
disturbed Bfezno mudstone conditions. A sequential loss of stability of
several prevaults caused a collapse and subsequent suspension of the
works. The optimal and above all safe method of removal of the collap-
se and completion of the tunnel construction is currently a matter of joint
efforts of all parties to the project.

Highway and motorway tunnels appeared in the Czech Republic as
late as the end of the 20th century, together with the development of
urban ring roads, upgrading of the existing road network, and deve-
lopment of new motorways. The first tunnel on an urban ring road was
the 2,000m long twin-tube Strahov tunnel, built in the years 1984 -
1997 in Prague. The inadequately long construction time was due to
extensive checks made on investment in this construction at the begin-
ning of the 90s. The Strahov tunnel was built using two techniques, i.e.
excavation with a non-mechanised semi-shield, and the ring method
with an erector; in both cases the final reinforced concrete segmental
lining vaults rested on abutments cast inside abutment drifts excavated
in advance (see Fig. 17).

Among the group of urban tunnels there is also the Pisarky tunnel
built in 1995 - 1997 under Cerven)’/ Hill in Brno, on so-called Prague
Ring Road, which is a feeder road joining the D1 motorway. The mined
part of this tunnel passing through broken rock mass was excavated
using the New Austrian Tunnelling Method; the 43m and 163m long
cut-and-cover end sections made highly sensitive incorporation of both
portals into the forest park area possible (see Fig. 18). The Large City
Ring Road complex comprises an already operating construction, i.e.
the cut and cover Husovice tunnel (finished in 1999).

The year 1997 also saw the completion of the 350m long three-lane
highway Hrebe¢ tunnel on a realigned road 1/35 near Moravské Tre-
bovd. The tunnel eliminated a difficult route passage across a mounta-
in saddle of the same name. The tunnel was built under a very shallow
cover, using the New Austrian Tunnelling Method with a vertical
excavation sequence (see Fig. 19).

Obr. 22 Vysouvané tunely pod Vitavou na prodlouzeni trasy ,,C* metra
Fig. 22 Immersed tunnels of the Line “C” extension crossing the Vltava

River before launching




Obr. 23 Jednolodni stanice ,,Kobylisy na prodlouZeni trasy ,,C* metra
Fig. 23 The single-vault station “Kobylisy” on the Line “C” extension

prodlouzeni novych vyhlidkovych cest aredlem Prazského hradu tak
byla propojena dolnf a horni ¢4st Jeleniho pfikopu.

Tunel s profilem do vySky protaZzené podkovy je dlouhy 84 m.
Definitivni ostén{ je z betonu, licovy obklad je proveden z ostie pdle-
nych reznych tmavé Cervenych cihel (obr. 21). Tunelovy prichod
valem Pra§ného mostu ziskal v roce 2003 ocenéni jako nejlepsi cih-
lovd stavba Evropy.

Metro, jehoZ vystavba byla v Praze zahdjena v roce 1966, se stalo
nasim vabec nejveétsim podzemnim dilem a jeho realizace na desitky
let ovlivnila Zivot v hlavnim mésté CR. Vznik zakladni sité tif tras
LA“, B, ,,C* s prestupnimi stanicemi v centru mésta prinesl zdsad-
ni a veskrze pozitivni zvrat v prazské hromadné dopravé, kazdy nove
dokonceny provozni tsek pokraCujici etapovité vystavby vyrazné
zlepSuje dopravni situaci v dotené oblasti. V soufasné dob¢ ma
prazské metro délku cca 55 km s 54 stanicemi, coZ predstavuje okolo
150 km tunelt a $tol.

Pouzité tunelovaci postupy musely respektovat variabilitu praz-
skych geologickych poméru, v nichz se stfidaji mékké a tvrdé prvo-
horni ordovické sedimenty. Z podstatné ¢asti probihala vystavba raze-
nim, a to jednak prstencovou metodou s erektorem a osténim z litino-
vych i Zelezobetonovych tubingt, jednak $titovdnim, pfevdZzné neme-
chanizovanym, v mens$im podilu i mechanizovanym. V poslednim
desetileti je preferovana Nova rakouska tunelovaci metoda.

Unikdtnim postupem byla vystavba vysouvanych tunela metra na
trase IVC1 prfi Casoveé poslednim podchodu Vlitavy v roce 2001 az
2002. Postup spocival v betondzi kazdého tubusu v suchém doku,
jeho vysunuti pomoci plaveni do patfi¢né polohy a nédsledném osa-
zeni na dno feky. Navrzené feSeni dostalo v roce 2002 cenu FIB —
Award Outstanding Structure a cenu inZenyrské akademie Ceské
republiky (obr. 22). Za nejprukaznéjsi ocenéni kvality tohoto dila je
v8ak nutno poklddat fakt, Ze v dobé katastrofalni srpnové povodné

LEGENDA / LEGEND:

i’nﬂ = 1 — Vtokovy objekt / Water intake
2 — Tlakové Sachty / Pressure shafts
3 — Komora kulovych uzavéru /

Ball valves chamber
4 — Privodni tunel / Headrace tunnel
5 — Kaverna / Cavern
6 — Odpadni tunel / Tailrace tunnel

Obr. 24 Rez podzemni hydrocentrdlou Lipno
Fig. 24 Cross section through the underground powerhouse Lipno
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A MATIERE system imbanked tunnel (the lining assembled from
large-size precast thin-walled segments) entered operational service on
a busy section of the R35 road near Lipnik nad Be¢vou in 1999.

Completed in 2004, the 1,300m long Mrazovka tunnel in Prague
became a significant part of the north-western sector of the City Circle
Road in Prague. This road will, after its completion planned for 2010,
smoothly divert traffic in the north — south direction away from the
central historic region of the city. The tunnel comprising of two paral-
lel three-lane tubes and two complex wye structures (max. cross-secti-
on area of 340m?) was driven using the New Austrian Tunnelling Met-
hod. A vertical excavation sequence was mostly used in the difficult
geology consisting of disturbed Ordovician shales, under a shallow
overburden with buildings on the surface. Apart from rock pressures,
a serious problem for the design of the final lining was also the pressu-
re effect of a fissure aquifer found in the rock massif, which communi-
cated with an interstitial ground-water body found in the cover. Eventu-
ally, an intermediate road deck acting as a final lining strengthening tie
had to be incorporated into the design in terms of the structural analysis
and detailing. The Mrazovka tunnel was awarded the title of “The traf-
fic construction of the year 2005 in the Czech Republic” (see Fig. 20).

Also in 2004 inaugurated was a 304m long cover-and-cut tunnel on
the 1/8 road, which was built in the framework of a project of bypassing
the town of Jihlava. The so-called Milan Method was modified for this
construction: a flat vault was cast on the top of sidewalls formed by dia-
phragm walls. The excavation under the vault proceeded from both por-
tals, using front-end loaders for the mucking-out.

It is certainly unusual to present pedestrian subway structures as
underground traffic structures. Let us now make an exception. A tun-
nelled passage through the Prasny Bridge embankment, which car-
ries a northern access road to the Prague Castle grounds, was inaugu-
rated in June 2002. The passage was carried out to interconnect the
Lower and Upper Deer Moat in the framework of a project of exten-
ding scenic routes within the grounds of Prague Castle.

The tunnel with its elongated horseshoe shape profile is 84m long.
The concrete final lining is clad in fair-face dark-red hard-burnt brick-
work (see Fig. 21). The tunnelled passage through the Pra$ny Bridge
embankment received acclaim as the best brickwork of Europe in 2003.

The urban underground railway, i.e. the Prague Metro constructi-
on started in 1966, becoming the largest underground project of our
country, influencing life in the capital of the CR for tens of years. The
development of a network consisting of three basic lines “A”, “B” and

Obr. 25 Brnénské kolektory — koneény stav
Fig. 25 Brno utility tunnels - final state
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v roce 2002 byly jiZ oba tubusy stabilizovany ve dné napfi¢ korytem
Vltavy a povodnové tcinky bez thony preckaly, na rozdil od mnoha
jinych konstrukei.

Na stejném tseku prodluZované trasy ,,C* byla v obtiZnych geolo-
gickych podminkéch se silnymi pritoky podzemni vody realizovéna
prvni raZena jednolodni stanice (obr. 23) v provozovaném systému
prazského metra.

Ve vystavbé je prodlouzeni trasy C do severovychodniho sidliStni-
ho sektoru mésta tsekem délky 4,6 km s dal§imi tfemi stanicemi. Na
tomto dseku IVC2 je zhruba polovina tuneli raZenych Novou
rakouskou tunelovani metodou, zbytek jsou hloubené casti. V detai-
lech je technologie vystavby ovlivnéna pomérné nizkym nadlozim
s povrchovou zdstavbou a rovnéZ pruchodem oblasti zasaZenych sta-
rou dulni ¢innosti.

PODZEMNi HYDROTECHNICKE
A VODOHOSPODARSKE STAVBY

Vodohospoddrské stavitelstvi 50. a 60. let bylo v prevdzné mife
zaméfeno na budovédni velkych staveb, které odpovidaly tehdejsi
koncepci vodniho a energetického hospoddrstvi. V souvislosti
s vystavbou prehrad a vodnich nddrzi byla realizovédna jednak celd
fada podzemnich staveb do¢asného vyznamu (napf. obtokové tunely
pri stavbé prehrad apod.), jednak mimorddné podzemni komplexy
vodnich dél Lipno a Dlouhé Strané.

Podzemni hydrocentrala Lipno s prilehlymi objekty patfila
k nejvyznamnéj$im stavbam podzemniho stavitelstvi 50. let. Jeji
kaverna o rozmérech 22,5 x 73,1 x 38,0 m byla vyraZena ve stomet-
rové hloubce v Zulovém masivu v jihovychodni asti Sumavy na fece
Vltavé. Podzemni komplex tvori nékolik podstatnych ¢asti (obr. 24)
— vtokovy objekt, tlacné Sachty hluboké 169 m s pancérovou vystro-
ji, komory kulovych uzavéra, hlavni kaverny hydrocentraly a 3,6 km
dlouhého odpadniho tunelu do vyrovnavaci zdrze navazujictho vod-
ntho dila na VItaveé ve Vy$§im Brodé. Piistup do kaverny hydrocent-
rily je zajiStén 150 m dlouhym Sikmym tunelem ve sklonu 45°.
Stavba byla zahdjena v roce 1953, zkuSebni provoz byl zahdjen
v roce 1959.

Stavba PVE Dlouhé Strané byla zahdjena v kvétnu 1978. Opa-
kovany ttlum ve vystavbé v 80. a 90. letech posunul jeji dokonCeni
az do roku 1995.

Koncem 60. a zacdtkem 70. let bylo zahdjeno obdobi vystavby
vodohospodarskych staveb niz§tho fadu, souvisejicich predevsim se
zdsobovéanim rozrustajicich se mést pitnou vodou, privadénou $tolo-
vymi privadééi. K vyznamnym dilim tohoto typu napf. patii:

— PFivadé¢ pitné vody Zelivka (1966 az 1972), ktery 51,9 km dlou-

hou $tolou vystrojenou monolitickym betonem pfivadi vodu
s volnou hladinou do vodojemu v Jesenici u Prahy. KfiZeni pfi-
vadéfe s fekami Blanici a Sdzavou je provedeno shybkami
vystrojenymi ocelovym pancifem.

— Stolovy privad& pitné vody pro mésto Chomutov z vodniho dila
Prisecnice (1970 az 1975), kde byl na délce 8,1 km poprvé v nasi
republice pouZzit pro tunelovani plnoprofilovy razici stroj
(DEMAG o pruméru 2,7 m).

— Stolovy pfivadé¢ pitné vody pro Liberec, ktery pfivadi vodu
z vodniho dila Josefuv Dul (1976 az 1984) a ma délku 7,2 km.

— Stolovy privadée ostravského oblastniho vodovodu z nadrii
Kruzberk a Slezskd Harta (1985 az 1992) v délce 8 km, razeny
z obou portdlt dvéma plnoprofilovymi razicimi stroji.

— Brnénsky oblastni vodovod, dokonéeny v 90. letech, privadéjici
pitnou vodu z Virské nddrze do Brna, je tvoren soustavou raZe-
nych $tol a potrubi v celkové délce zhruba 75 km. Pfi razbé byly
opét pouzity plnoprofilové razici stroje.

KOMUNALNI PODZEMNI STAVBY A KOLEKTORY

Jednim z podstatnych problémi rozvoje méstskych celku je
vystavba novych inZenyrskych siti, kabelovodu, teplovodu, telefon-
nich siti a zejména kmenovych kanalizacnich stok. Jejich samostatné
vedeni v podzemnich Stoldach bylo zahdjeno v 70. letech a stdle
pokracuje. Raciondlnim a soucasné ekologickym feSenim je uklada-
ni elektrickych rozvoda a telekomunika¢nich kabell, tepelnych
a plynovych vedeni, vodovodnich f4dl a pripadné kanaliza¢nich stok
do sdruzenych podzemnich inZenyrskych siti, tzv. kolektoru.
K nejvyznamnéj$im systémum tohoto typu podzemnich komundl-
nich staveb patfi:

Obr. 26 Kolektor Vodickova v Praze v prubéhu razby
Fig. 26 The utility tunnel under Vodickova Street in Prague during the cour-
se of the excavation

“C” with interchange stations in the centre of the city caused a funda-
mental and absolutely positive change in Prague mass transit; each
newly completed operational section of the ongoing phased construc-
tion significantly improves the traffic situation in the particular area.
Currently the Prague metro is about 55km long with 54 stations, which
represents about 150km of tunnels and adits.

The tunnel excavation methods utilised in Prague had to respect the
variability of local geological conditions characterised by alternation
of soft and hard Palaeozoic Ordovician sediments. Tunnels were con-
structed mainly by mining methods, i.e. using both the ring method
with cast-iron and reinforced concrete segments positioned by erectors
and shield driving methods using mainly non-mechanised shields or, to
a lesser extent, mechanised shields. The New Austrian Tunnelling
Methods has been preferred in the last decade.

A unique technique applied to the last stretch of the metro under the
Vltava River in 2001 to 2002 was the launching of immersed tunne-
Is. The respective sections of the tunnel tubes of the operational secti-
on IV C1 were one by one cast in a casting basin, floated into place
and installed at the riverbed. The design gained recognition with the
2002 FIB Award Outstanding Structure, as well as recognition by the
Academy of Engineering of the Czech Republic (see Fig. 22). Howe-
ver, the fact that both tunnel tubes, in contrast with many other struc-
tures, managed to withstand without damage the catastrophic August
2002 flood after their stabilisation at the bottom of the Vltava riverbed
must be considered as the best proof of quality of this structure.

The same section of the Line “C” extension contains the first mined
single-vault station in the operational system of the Prague Metro. It
was built in difficult geological conditions with significant inflows of
ground water.

Under construction is a 4.6km long section extending the Line C to
the northeastern residential sector of the city. This is the section IV C2,
which will have 3 stations. About a half of the tunnels are mined using
the NATM, remaining tunnels are cut and cover. Details of the techni-
que are affected by the relatively shallow overburden with existing
buildings on the surface, and also by the fact that the tunnels pass
through an area hiding abandoned mining works.

UNDERGROUND HYDRAULIC ENGINEERING WORKS

Hydraulic engineering of the 50s and 60s was mainly focused on
development of large projects corresponding to the current conception
of water and power generation industries. Many underground structu-
res were constructed in the context of construction of dams and water
reservoirs, both temporary (e.g. diversion tunnels for construction of
dams etc.) and outstanding underground complexes for the Lipno and
Dlouhé Strané hydroelectric schemes.

The underground powerhouse Lipno with adjacent structures
belonged among the most important underground engineering projects
of the 50s. The cavern with dimensions of 22.5 x 73.1 x 38.0m was
mined at a depth of 100m, in a granite massif in a south-eastern part of
the Sumava Mountains, on the Vltava River. The underground com-
plex comprises several principal parts (see Fig. 24), i.e. the intake




Obr. 27 Uzaviraci pancii tlakové zdtky podzemniho zdsobniku plynu pred
ndstiikem drdtkobetonu

Fig. 27 The closing armouring of a pressure plug of the underground stora-
ge reservoir before application of steel fibre reinforced shotcrete

— Systém primdrnich a sekundérnich kolektort v Brné (obr. 25),
jehoZ vystavba byla zahdjena v roce 1974 a probihd dosud. Ve
dné osténi obsluznych sekunddrnich kolektora jsou umistény
i kanaliza¢nf stoky.

— Systém kolektort II. a III. fddu v Praze (obr. 26), jehoZ vystav-
ba byla zahdjena v roce 1985 a taktéz probihd i v soucasné dobé.
K vystavbé prazskych kolektorti se vdZze masivni pouZiti subho-
rizontdlnich sloupt tryskové injektdze pro vytvofeni nosného
klenbového systému v predstihu pred ¢elbou tunelu. Kanalizac-
ni sit nenf souddsti prazskych obsluznych kolektoru III. fddu.

— Od roku 1999 je v provozu kolektor pod centrem Ostravy o délce
800 m a jsou dokoncovény prace na dalsi etapé délky 1800 m.
Kanalizace je v ostravskych kolektorech vedena v potrubi umis-
téném v prostoru stropu osténi.

— Méné rozsahlé systémy jsou realizovany napt. v Jihlavé a Ces-
kém Krumlové.

Z jinych typt komunélnich staveb byla v 70. az 90. letech minulé-
ho stoleti poprvé do podzemi umisténa napft. rozlehld parkovisté
a gardze (Ostrava, Brno, Praha, Karlovy Vary) ¢i podzemnf Cistirny
odpadnich vod, napr. v Peci pod SnéZkou a v Lokti nad Ohfi.

Opominout nelze pozoruhodné dilo vybudované v letech
1992-1998, kterym je podzemni zdsobnik plynu Pfibram. Hlubinny
zdsobnik (hloubka 1100 m) m4 pfi tlaku 12,5 MPa kapacitu 80 mil.
m? zemntho plynu. Zdsobnik byl po dokonlen{ uzavien dvéma pary
tlakovych uzavéra (zétek), provedenych technologii stifkaného drat-
kobetonu (obr. 27).

PROF. ING. JIRI BARTAK, DrSc.
CVUT-Fakulta stavebni, e-mail: bartakj@fsv.cvut.cz
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structure, 169m deep steel lined penstocks, ball valve chambers, gene-
rator caverns, and a 3.6km long tailrace tunnel discharging to an equa-
lising reservoir of the subsequent downstream water scheme in Vyss{
Brod. The access to the generator cavern is provided via a 150m long,
45° gradient inclined tunnel. The works started in 1953, the trial run-
ning commenced in 1959.

The construction of the pumped storage scheme Dlouhé Strané
commenced in May 1978. Repeated construction checks made on
investments in the 80s and 90s shifted its completion as far as 1995.

— The end of the 60s and beginning of the 70s saw the commence-
ment of a period of development of lower order water-resources
projects associated above all with potable water supplied through
aqueduct tunnels to continually growing towns. The following
tunnels of this type belong among the best known:

— The drinking water supply conduit Zelivka (1966 to 1972), which
carries water from the Zelivka River dam through a 51.9km long,
in situ concrete lined tunnel to reservoirs in Jesenice u Prahy. The
Blanice and Sdzava Rivers are crossed using inverted siphons
lined with steel armour.

— The conduit supplying drinking water to Chomutov from the Pri-
se¢nice dam reservoir (1970 to 1975), where a tunnel boring
machine (DEMAG 2.7m in diameter) was used for the first time
in our republic, along a length of 8.1km.

— The conduit forming part of the Ostrava regional system of water
supply from the Kruzberk and Slezska Harta dam reservoirs (1985
to 1992). Two TBMs drove the 8km long conduit from either side.

— The Brno regional water main completed in the 90s supplies drin-
king water from the Vir dam reservoir to Brno. It consists of a sys-
tem of mined tunnels and pipelines at a total length of approxima-
tely 75km. TBMs were used for the excavation.

COMMUNITY UNDERGROUND STRUCTURES
AND UTILITY TUNNELS

One of significant problems of developing urban regions is con-
struction of new infrastructure networks, cable ducts, heat ducts, telep-
hone networks, and primarily trunk sewers. The system of placement
of the lines separately into underground tunnels started in the 70s and
still continues. A rational and at the same time environmentally fri-
endly solution is the placement of power distribution lines and tele-
communication cables, heat and gas pipelines, water mains and sewers
into combined underground utility networks, so-called utility tunnels.
The most significant systems of this type of underground community
structures:

— The system of primary and secondary utility tunnels in Brno (see
Fig. 25), which has been under construction since 1974. The
secondary service tunnels have even sewers installed at the bottom
of the lining.

— The system of 2nd and 3rd category utility tunnels in Prague (see
Fig. 26), which continued to be developed since 1985 and is being
built even now. The construction of Prague utility tunnels is asso-
ciated with mass utilisation of sub-horizontal jet grouted columns
designed to create a load-bearing canopy ahead of the excavation
face. The sewerage network is not included into the Prague system
of 3rd category service tunnels.

— Operating since 1999 is the utility tunnel under the centre of
Ostrava. It is 800m long, and the work on the next phase,
a 1,800m long section, is reaching completion. Sewerage pipelines
are installed under the roofs of the Ostrava utility tunnels.

— Les extensive systems are being implemented e.g. in Jihlava and
Cesky Krumlov.

Regarding other types of community construction, we can mention
large underground car parks and garages; they were positioned underg-
round for the first time in the 1970s to 1990s (Ostrava, Brno, Prague,
Karlovy Vary) or underground sewage treatment plants, e.g. in
Pec p. Snézkou and Loket n. Ohfi.

One remarkable underground structure, built in the years 1992 —
1998, i.e. the underground gas storage facility in Pfibram. The capaci-
ty of the deep storage reservoir (a depth of 1,100m) amounts to 80 mil-
lion m3 of natural gas stored at a pressure of 12.5Mpa. Two pairs of
pressure plugs built using the sprayed steel fibre reinforced concrete
technology (see Fig. 27) closed the reservoir once the excavation had
been completed. . )

} PROF. ING. JIRI BARTAK, DrSc.
CVUT-Fakulta stavebni, e-mail: bartakj@fsv.cvut.cz
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TUNELY NOVEHO SPOJENI PRAHA
THE PRAGUE NEW CONNECTION TUNNELS

MICHAL GRAMBLICKA
ZAKLADNI UDAJE BASIC DATA
Region Hlavni mésto Praha Region the City of Prague
Investor SZDC, a. s. Employer SZDC a.s.
Projektant SUDOP Praha, a. s. Designer SUDOP Praha a. s.
Zhotovitel Sdruzeni Nové spojeni Praha — SKANSKA, a. s, Contractor Sdruzeni Nové Spojeni Praha,
Metrostav a. s., Subterra, a.s., SSZ, a. s. a group of companies — SKANSKA a. s.,
Uzivatel Ceské drahy, s. o. Metrostav a. s., Subterra a. s., SSZ a. s.

Obdobi vystavby 2004-2008
Objem stavebnich praci
razené objekty
244 800 m? (vyrubany prostor)
hloubené objekty
26 750 m3 (obestavény prostor)

uvobD

Stavba tuneld Nového spojeni v Praze propojuje Zelezni&ni
stanice Praha hlavni nddrazi a Praha Masarykovo nddrazi se sta-
nicemi Liben, Vysofany a HoleSovice. Nové spojeni je zdroven
posledni stavbou tplné prestavby Zelezni¢niho uzlu Praha hl.
nddrazi. Vystavba byla zahdjena v roce 2004 a predpokldda se, Ze
bude ukoncena v roce 2008.

Tunely jsou tvofeny dvéma hloubenymi tseky, ve kterych se ve
spole¢né oteviené stavebni jamé spojuji jednotlivé Zelezniéni
traté s razenymi tseky pod vrchem Vitkov. Tunely navazuji na
Styrkolejnou estakddu na zdpadni strané a na strané vychodni na
dvoukolejnou estakddu a trat’v zérezu. V roce 2005 byly vyhlou-
beny stavebni jdmy, na jiZnim tunelu vyrazeno 50 % a na sever-
nim tunelu 38 % délky.

SMEROVE A VYSKOVE VEDENI

Smérové vedeni tuneld uréuje skalni hibet vrchu Vitkova, trasa
tunelu je vedena v jeho podélné ose. Osova vzdélenost paralelné
vedenych tuneld je primérné 30 m, minimdlné 3 m a pod objek-
tem Narodniho pamaétniku maximdlné 42 m. Trasy jsou vedeny
v pfimych a v obloucich, jizni tunel v polomérech 648 m
a 602 m, severni tunel 902 m a 3602 m.

Tunely ve sméru od vychodu na zdpad klesaji v minimalnim
sklonu 0,33 %, razi se tipadné.

GEOLOGICKE POMERY

Vrch Vitkov je vyrazny morfologicky element v krajiné Prahy
i pfes to, Ze byl v minulosti upraven lomovou ¢innosti a vystav-
bou Narodniho pamadtniku. Jeho vyrazny hibet tvori vuci denuda-
ci odolné kfemence a bridlice. Styk Sdreckych bridlic a skalec-
kych kiemencu na severnim svahu Vitkova tvori geologicky pro-
fil, ktery je zafazen do ndvrhu chranénych tdzemi. Pfi razbé jsou
zastizeny paleozoické, stfednoordovické Sarecké bridlice
a nadlozni dobrotivské souvrstvi ve facii skaleckych kiemencu.
Horniny jsou misty silné stlacené, na vrstevnich plochédch s mat-
nym leskem vykazuji slabou metamorfézu, podél puklin a poru-
chovych z6n jsou prohnétené az drcené. Styk s nadloznimi kre-
menci je hodnocen jako stratigraficky s ovlivnénim tektonikou
prazského zlomu a libeniského nasunuti. Skalecké vrstvy jsou
prevazné tvoreny lavicovité vrstevnatymi kfemenci a kfemitymi
piskovci, které se stiidaji s polohami pis¢itych a jilovitych brid-
lic az jiloveti. Ubodi svahu Vitkova s vyjimkou navazek je vyrov-
ndno hlinitokamenitymi svahovymi kfemencovymi sutémi. Poru-
Sen{ hornin je podminéno blizkosti prazského zlomu, ktery je ve
sméru severovychod—jihozdpad a libeniského presmyku, ktery
probihd v Karliné podél dpati Vitkova a prechdzi pres pilif pro-
stiedni stény vychodnich portdla.

User Ceské Dréhy s. 0. (Czech Railways)
Construction period 2004 — 2008
Works volume mined structures
244 800m3 (excavated volume)
cut and cover structures
26,750m3 (walled-in space)

INTRODUCTION

The construction of tunnels of the Prague New Connection pro-
ject interconnects Prague Main Station and Prague Masaryk’s Sta-
tion with railway stations in the Liben, Vysoany and HoleSovice
districts. The New Connection project also contains the last con-
struction works which will finish the overall reconstruction of the
Prague Main Station rail junction. The works commenced in 2004
and the conclusion is scheduled for 2008.

The tunnels consist of two cut-and-cover sections, where, in
a joint construction trench, the individual rail lines are joined
with the mined sections passing under Vitkov Hill. The tunnels
link to a four-track viaduct on the west and a double-track via-
duct and a track in an open cut on the east. The year 2005 saw
the excavation of the construction trenches, and excavation of
50% and 38% of the length of the southern tunnel and northern
tunnel respectively.

HORIZONTAL AND VERTICAL ALIGNMENT

The horizontal alignment is determined by a rock crest of Vit-
kov Hill; the tunnel alignment follows its longitudinal axis. The
distance between centres of the two parallel tunnels is of 30m on
average, with a minimum of 3m and maximum of 42m (under the
National Monument grounds). The routes consist of straight secti-
ons and curves (648m and 602m radii for the southern tunnel and
902m and 3602m radii for the northern tunnel).

The alignment of the tunnels descends in the east-west directi-
on on a gradient of 0.33%; downhill excavation will take place.

GEOLOGY

Vitkov Hill is a landmark in the morphology of Prague despite
the fact that it was changed in the past by quarrying and by the
construction of the National Monument. The well recognisable
ridge consists of denudation resistant quartzite and shale. The
interface between the Sarka Shale and Skalec Quartzite on the
northern slope of Vitkov Hill forms a geological profile which is
listed among the proposed sites of landscape importance. The
excavation encounters the Palacozoic, Middle Ordovician Sarka
Shale overlain by the Dobrotivy Member in the facii of the Skalec
Quartzite. The rock is locally heavily compressed, exhibiting
slight metamorphosis on bedding planes with dull gloss, remoul-
ded to fractured along joints. The interface with overlaying quart-
zite is rated as stratigraphical, affected by the tectonics of the Pra-
gue Fault and the Libenn Thrust Fault. Quartzite and siliceous
sandstone with bedded jointing prevails in the Skalec Member.
Apart from made ground, the slope of Vitkov Hill is covered with
loamy-stony quartzite slope debris. The rock mass degradation is
associated with the nearness of the NE-SW striking Prague Fault,
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Obr. 1 Vzorovy pri¢ny rez
Fig. 1 Cross section through the double-track tunnels

TECHNICKE RESENI TUNELU

Jizni vitkovsky tunel je dlouhy 1365 m. Z toho bude 1250 m raze-
nych. Portdlové udseky hloubenych tuneld jsou na zdpadé délky
45 m a na vychodé 70 m. Severni vitkovsky tunel je dlouhy 1316 m,
z toho razenych bude 1150 m. Portdlové dseky hloubenych tunelt
jsou na zdpadé 58 m a na vychodé 107 m dlouhé.

Tunely jsou propojeny &tyfmi chodbami celkové délky 100 m,
slouzicimi v definitivnim stavu jako unikové cesty, a jsou vybaveny
poZarnimi dvermi se signalizaci, ventildtory a poZarnimi klapkami.
RovnéZ je v nich umisténa spojka kabelovych kandlt a poZarniho
vodovodu. Do prostoru pred vjezdovy i vyjezdovy portdl tunela je
umoznén piistup silni¢nfm vozidlim a na obou strandch jsou ziize-
ny nastupni plochy pro pozdrni techniku. V dob¢ probihajicich razeb
jsou prostorové prizpusobené tak, aby bylo moZzné jimi presouvat
razici a dopravni techniku.

Docasné osténi je ve shodé s technologii vystavby — Novou
rakouskou tunelovani metodou, a je tvoreno stifkanym betonem
SB20 tl. od 0,20 do 0,30 m, vyztuZenym dvéma ocelovymi sit€mi,
hydraulicky upinanymi svorniky a tfiprvkovymi ocelovymi prihra-
dovymi ramendty. RaZba tunelu se provadi v horizontdlnim ¢lenéni,
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and the Liben Thrust Fault, which runs across the Karlin district
along the bottom of Vitkov Hill and passes across the pillar of the
central wall of the eastern portals.

THE TUNNEL DESIGN

The southern Vitkov tunnel is 1,365m long. Out of this length,
1,200m will be built by mining methods. Cut-and-cover sections
before the portals on the west and east are 58m and 107m long
respectively.

The tunnels are interconnected by four cross-galleries at an
overall length of 100m. In the final condition, they will be used
as escape ways. They are equipped with fire-check doors with
signalling, fans and fire dampers. Cable and hydrant lines are
also interconnected through the cross-galleries. The space before
the entrance and exit portals of the tunnel are accessible for road
vehicles; mustering areas for mobile fire appliances are prepared
on both sides. The layout of the areas is accommodated to the
needs of the excavation work so that the movement of mining
equipment and vehicles during the tunnel driving is possible.

The 0.20 — 0.30m thick temporary lining is designed according
to the NATM principles. It consists of sprayed SB20 concrete
reinforced with two layers of steel mesh, friction bolts expanded
by pressurised water and three-section lattice girders. The hori-
zontal excavation sequence is applied, with the top heading vault
having the shape of an ideal 6.05-radius semi-circle. The advan-
ce per cycle ranges from 1.0 to 2.0m. Steel forepoles are either
driven or inserted into pre-drilled boreholes ahead of the face in
the top heading sections where instability is a threat. The distan-
ce between the top heading and sidewall drift faces varies from
50m to 120m, depending on the rock mass quality. Double- to
triple-length rounds, i.e. 2.0 to 6.0m long, are applied to the side-
wall drifting or to the closing of the profile by the invert. The
excavated cross-section area grows from 96.22m? at the excava-
tion class III, through 97.51m? at the class IVa, to a maximum of
106.84m? and 108.13m? at the higher classes IVb and Va (invol-
ving the invert structure) respectively. Percentage classification
of the excavation along the mined tunnels was designed in accor-
dance with the results of the geological investigation. The antici-
pated need for the application of the higher classes (Va about
36%, 1V about 34%, 111 about 30%) has not been confirmed. The
deciding lengths of the completed tunnel excavation were cate-
gorised as the easiest class III; only the pre-portal sections were
driven in the excavation class Va. About the middle of their
length, the tunnels are crossed by the pedestrian tunnel conne-
cting Tachovské Square in Zizkov with Thamova Street in Karlin.
The tunnels pass at a distance of 6.50m above the pedestrian
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Obr. 3 Stavebni jama vychodnich portdlu
Fig. 3 The construction trench at the eastern portals

kde kalotu tvorf optiméln{ pulkruh o poloméru 6,05 m. Délka zabéra
jeod 1,0,do 2,0 m. V dsecich ohroZenych nestabilitou pristropi jsou
predrazené nebo prevrtavané ocelové jehly. Vzddlenost pracovist
kaloty a opéfi se podle kvality horninového masivu pohybuje mezi
50 az 120 m. Pobirdn{ opér, piipadné uzavirani profilu spodni klen-
bou je v zdbérech dvou- aZ tfindsobné délky, tj. od 2 az do 6 m. Plo-
cha vyrubu se od technologické tiidy III. s 96,22 m?, pres tiidu IVa.
97,51 m? zvétduje, vys3i technologické tiidy IVb. s protiklenbou
dosahuji 106,84 m? a Va. maximéalné 108,13 m?. Podle vysledku geo-
logického prazkumu bylo navrZzeno procentudlni zatiidéni po délce
razeb. Predpoklddand potfeba vysSich tiid (Va. cca 36 % , IV. cca
34 % a 30 % I11.) se zatim nepotvrzuje, rozhodujici délky vyrazenych
tunell byly zatfidény do nejleh&i II1., pouze piiportdlové dseky se
realizovaly v technologické tfidé Va. Asi v poloviné délky raZené
tunely kiizuji tunel pro p&si spojujici Tachovské nam. na Zizkové
a Thamovu ul. v Karliné. Tunely prochazeji 6,50 m nad tunelem pro
pési. Ochrana pésiho provozu v dobé raZeb bude zajisténa ocelovymi
rdmy a vydrevénim prostoru mezi obezdivkou a rimem.

Vlastni raZba vitkovskych tuneltl byla zahdjena 27. 5. 2005 v jiz-
nim tunelu a 15. 8. 2005 v tunelu severnim. Situace na Celb¢ jizniho
tunelu byla natolik pfiznivd, Ze dodavatel Metrostav a. s. upustil od
Elenéni kaloty dle vystrojovaci tfidy Va. a 90 metrt vyrazil bez pou-
Ziti trhacich praci, 134 m od portdlu preSel na nejleh¢i tiidu III.
V severnim tunelu byla kalota ¢lenéna na délku 24 m, do 70 m bez
trhacich praci. ZkuSenosti dodavatelti, nasazeni optimélni strojni
mechanizace, zavedeni optimalizace vrtnych schémat a pouZiti obry-
sovych trhavin pak umozZnily dodavatelum vykony pfi razbach od
100 do 130 m plného profilu za mésic. Dosazené mési¢ni vykony
zna¢né ovliviiovala doba pro pouZiti trhacich praci od 7:00 do 21:00
hod. Do konce roku 2005 tak bylo vyraZzeno 680 m jiZzniho tunelu
a 431 m severniho tunelu.

Nejdulezitéjsimi objekty, které budou razené tunely podchdzet
s nadloZim do 40 m, je budova Néarodniho pamatniku na vrchu Vitko-
vé& s jezdeckou sochou Jana Zizky z Trocnova. Pro prognézu chovani
horninového masivu byl zpracovan staticky vypocet metodou konec-
nych prvka, ktery odhadl celkové poklesy pii projeti razby obou tune-
It na 12 mm. Na ochranu budovy i sochy jsou zpracovény projekty
seizmického méfeni a stanovena mezni ndloZ pro pouZiti trhacich praci.

Navrhované trvalé osténi md tseky s vyztuZenym i nevyztuzenym
monolitickym betonem (v poméru délek cca 50/50 %) a bude realizo-
vano pomoci posuvnych bednéni. Délky bloku bednéni jsou 12,50 m,
coz je polovi¢ni vzdélenost zdchrannych vyklenka, kterd ¢ini 25 m.

TECHNICKE RESENI PORTALU

Rozhodujici délka raZeb tuneli bude realizovdna od vychodniho
portélu, umisténého v centru stavebnich praci proménujicich zane-
dbané severovychodni svahy Vitkova. V definitivnim stavu zde
vznikne moderni park propojeny s centrem mésta nejen dopravnimi

Obr. 4 Zdpadni raZeny portdl jizniho tunelu
Fig. 4 The mined west portal of the southern tunnel

tunnel. The pedestrian traffic will be protected during the exca-
vation by means of steel frames and timbering placed between
a frame and the lining.

The excavation of the Vitkov tunnels commenced on 27.5.2005
and 15.8.2005 in the southern tunnel and northern tunnel respec-
tively. The situation at the southern tunnel excavation face was
favourable in an extent that allowed Metrostav a.s., the contrac-
tor, to abandon the excavation sequence Va designed for the top
heading, carry out a length of 90m without blasting, and apply the
easiest class III at a distance of 134m from the portal. A top hea-
ding excavation sequence was designed for a length of 24m of the
northern tunnel; up to a distance of 70m without blasting. The
experience gained by the contractors, utilisation of an optimum
set of mining equipment, introduction of drill pattern optimisati-
on and application of contour blasting allowed the contractors to
achieve advance rates of 100 to 130m of the full-face excavation
per month. The monthly advance rates achieved were significant-
ly affected by the time dedicated to blasting operations, i.e. from
7:00 to 21:00 hours. The end of 2005 saw 680m and 431m of the
excavation completed in the southern tunnel and northern tunnel
respectively.

The most important structures to be passed under by the tunne-
Is with the overburden less than 40m are the building of the Nati-
onal Monument and the equestrian statue of Jan Zizka of Troc-
nov. A FEM structural analysis was developed for the prognosis
of the rock mass behaviour. The analysis resulted in a prediction
of a total subsidence value of 12mm following the passage of the
two tunnels. A seismic measurement system was designed and
maximum charge weight limits were set to enhance the protecti-
on of the building and the statue. The cast in situ concrete final
lining is designed both reinforced and unreinforced, half-and-half
in proportion to the length of the sections. Travelling formwork
sets will be used for the casting. The length of the casting blocks
of 12.50m corresponds to a half of the 25m distance between
safety recesses.

THE DESIGN OF PORTALS

The deciding length of the tunnels will be driven from the east
portal, whose location is in the centre of the construction opera-
tions designed to improve the uncared northeastern slopes of
Vitkov Hill. There will be a modern park in the final condition,
connected with the city centre not only via transit tunnels but also
via a cycle track. This track will link the park outside Prague
Main Station with Balabenka via an existing single-track line (to
be abandoned subsequently), and with a part of the
Vysocany/Harfa location which is being newly developed.

The construction works started in the autumn 2004 by the site
preparation and development of access roads to the tunnel portals.
New revetment walls allow the existing rail line to be operated
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Obr. 5 Pohled na zdpadni portilovou jamu. V popredi pilire (tyrkolejné
Zeleznicni estikddy, nad portilem pamdtnik na hore Vitkov s jezdec-
kou sochou Jana Zizky z Trocnova

Fig. 5 The construction trench for the West Portal. At the front - the pillars
of the four-rail viaduct; above the portal - the National Monument on
Vitkov Hill with the equestrian statue of Jan Zizka of Trocnov

tunely, ale i cyklostezkou. Ta spoji park pred stanici Praha hl. nddra-
Z1 po stdvajici (ndsledné opusténé) jednokolejné trati s Balabenkou
a ddle s noveé vznikajici moderni ¢dsti Vysocan a Harfy.

Vlastni vystavba byla zahdjena na podzim roku 2004 pfipravou
Uzemi a vytvofenim pifstupovych komunikaci k portdlim tuneld.
Nové zdrubni zdi umoZnuji provozovat soucasnou Zelezni¢nf trat’ az
do doby zprovoznéni novych koleji, vedenych noveé postavenymi
dvoukolejnymi tunely. Odvoz rubaniny je zabezpecovdn kolejovou
i silni¢ni dopravou.

Stavebni jamy portdld jsou Clenéné tak, Ze mezi hloubenym
a raZenym tunelem vznikaji horninové pilife minimélni $ifky od
3,5 m do 10 m. Stény piliiu tvoii dvoustuptiova svisld kotvena mik-
ropilotovd sténa z ocelovych trubek A 108/16 mm vysek od 15 do
27 m. Pro stabilizaci stén jsou pouzity trvalé horninové lanové kotvy
délek od 8 do 22 m. Kone¢nd uprava stén je ze stifkaného betonu
tloustky 0,25 m. Kofeny jsou upnuty do klenbovych oblasti nynéjsi-
ho Zelezni¢niho tunelu, proto byla pfi jejich injektovani vénovéna
mimofddnd pozornost stavu obezdivky. Po vybudovani hloubenych
konstrukei dvoukolejnych tunelt budou tyto zasypany. Pied samotnou
vystavbou byly provedeny dukladné inventarizace viech nadzemnich
i podzemnich objekti a v souladu s tunelovaci metodou NRTM byl
navrZzen podrobny monitorovaci systém prubéhu vystavby.

ZAVER

Vitkovské tunely Nového spojeni fedi napojeni centra Prahy na
budouci vysokorychlostni traté z vychodu a severu Ceské republiky.
Umozni také propojeni pfimestské a meziméstské dopravy napric
hlavnim méstem a doplni{ tento segment dopravy, ktery prechod od

vychodu na zdpad, nebo i ze severu na jih pres centrum mésta zatim
neumoznuje.

ING. MICHAL GRAMBLICKA,
SUDOP PRAHA, a. s., e-mail: michal.gramblicka@sudop.cz
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Obr. 6 Zdbér z razby kaloty
Fig. 6 Top heading excavation
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Obr. 7 Animace definitivnich vychodnich portdli
Fig.7 A view of the east portals

until the moment of the opening of the new tracks running through
the newly built tunnels to traffic. The muck is removed both by
rail and road-based transportation.

The construction trenches at the portals are designed in a man-
ner guaranteeing that rock pillars with a minimum width of 3.5m to
10m remain between the cut-and-cover and the mined tunnels. The
walls of the pillars are supported by 15m to 27m high double-stage
anchored vertical micropile walls consisting of 108/16mm steel
tubes. The walls are stabilised by permanent cable rock anchors 8.0
to 22.0m long. A 0.25m thick shotcrete layer is applied to the sur-
face of the walls. The toes of the walls are keyed into the areas of
vaults of the existing railway tunnel; therefore the condition of the
vaults was paid extraordinary attention during the grouting opera-
tions. Once the cut-and-cover double-track tunnels are completed,
they will be backfilled. A thorough condition survey of all above
ground and underground structures will be performed prior to the
works commencement. A detailed monitoring system has been
designed in compliance with the NATM principles.

CONCLUSION

The Vitkov tunnels solve the connection of Prague’s centre
with the future high-speed railway lines coming from the east
and north of the Czech Republic. Apart from this, they will allow
the suburban service and inter-urban lines to pass across the city
in the east-west and north-south directions. Thus this, till now
unavailable, traffic mood will be added to the scope of transpor-
tation services capable of uninterrupted passage through the
centre of Prague.

ING. MICHAL GRAMBLICKA,
SUDOP PRAHA, a. s., e-mail: michal.gramblicka@sudop.cz
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TUNELY NA lll. TRANZITNIM KORIDORU
TUNNELS ALONG THE THIRD TRANSIT CORRIDOR
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ZAKLADNI UDAJE

Region Ceska republika

Investor SZDC, S. 0.

Projektant METROPROIJEKT Praha, a. s., SUDOP Praha, a. s.
UZivatel Ceské drdhy, a. s.

Obdobi vystavby  predpoklad dokon&eni 2016

uvob

V roce 1973 byl Mezindrodni Zelezni¢ni unii sestaven fidici pldn
evropské Zelezniéni sité, jehoz cilem bylo vybudovat na evropskych
ZelezniCnich tratich moderni infrastrukturu srovnatelnou rychlosti,
pohodlim, bezpecnosti a dal§imi sluzbami se systémem délnic a letec-
kych spoju. Po jeho rozpracovéni a zahdjeni postupné realizace byla
v roce 1985 v rdamci EHK/OSN sjedndna ,,Evropska dohoda o hlavnich
mezindrodnich Zelezniénich tratich® a v roce 1991 ,,Dohoda o nejdu-
lezit&j§ich trasich mezindrodni kombinované dopravy“. Pro Ceskou
republiku byly definovdny &tyfi tranzitni Zelezni¢ni koridory, na nichz
se prioritné provede modernizace v parametrech, které jsou v doho-
ddch AGC a AGTC obsazeny. Mapa sité koridort je na priloZzeném
obrazku. Vyznam téchto Zelezni¢nich trati potvrzuje jejich zarazeni do
tzv. panevropskych koridort. Celkova délka vSech koridora na dzemi{
republiky je 1962 km.

Cist III. koridoru vychodné od Ceské Tiebové je jiZ v provozu, jeho
useky zdpadné od Prahy jsou v etapé projektové pripravy, se zahdje-
nim stavebnich praci v dseku Rokycany — Plzen se uvazuje do ti let
a s tusekem Praha — Beroun do péti let.

REALIZOVANE STAVBY - KRASIKOV, TATENICE,
MALA HUBA, HNEVKOVSKY | A HNEVKOVSKY II

Na vychodni vétvi IIL. tranzitniho koridoru, spojujiciho mésta Cesk4
Trebovd — Zédbieh na Moravé — Olomouc — Prerov, byla v roce 2002
zahdjena modernizace tseku Ceskd Tiebovd — Krasikov v délce 22,4
km. Realizace této doposud nejndro¢néjsi stavby v ramci vSech kori-
dort zadala 2002 razbou tuneld Krasikov a Tatenice. Tunel Krasikov,
zatim nejdelsi tunel na koridorovych tratich, ma délku 1101 m, z toho
razend ¢ast je dlouha 1035 m. Maximalni vyska nadlozi v trase tunelu
je 42 m. U tunelu Krasikov stejné jako u dal3ich tunelt byla uplatné-
na ustanoveni nové normy CSN 737508 Zelezni¢ni tunely. Pojistny
prostor v klenbé tunelu byl zvétsen ze 150 mm na 300 mm a pro zvy-
Sen{ bezpeCnosti cestujicich byla ve stfedu tunelu realizovdna tdnikova
Stola délky 240 m zakoncend Sachtou hloubky 12 m s tunikovym scho-
distém vyusténym na terén. Trasa dvoukolejné Zelezniéni traté je
v tomto tunelu vedena ve dvou protismérnych obloucich s minimalnim
polomérem R = 941 m. RaZba tunelu, kterd probéhla bez problému,
byla provddéna metodou NRTM s horizontdlnim ¢lenénim vyrubu.
Definitivni osténi je monolitické Zelezobetonové, prevazné tloustky
350 mm. Stejnym zpusobem byl provddén i navazujici kratky tunel
Tatenice, ktery ma celkovou délku 143,7 m, z toho raZend &ast je
85 m dlouhd (maximdln{ vySka nadloZ{ je 14 m). Definitivn{ osténf je
rovnéZ monoliticky Zelezobeton tloustky 350 mm. Oba vySe uvedené
tunely od sebe oddéluje ddolni niva feky Moravskd Sazava, kterou
Zelezni¢ni trat’ pfekondva prevazné mostem délky 176 m, na kterém je
umisténa nové Zelezni¢ni zastdvka Tatenice. Toto technické feSeni se
ukdzalo jako velmi zdarilé. Prelozka traté véetné tuneli Krasikov
a Tatenice byla zprovoznéna v srpnu 2004.

Bezproblémovy prubéh této stavby vytvoril priznivou atmosféru jak
v odborné, tak i v laické verejnosti, coZ pomohlo i dspé$né realizaci
prelozky navazujiciho dseku traté Krasikov — Zabreh na Moravé. Tuto
stavbu je mozno rozdelit na dvé Casti. Prvni Cdsti je dprava traté
v délce 5913 m mezi zastdvkou Tatenice a stanici HoStejn, jejiz sou-
Casti je prelozka traté v délce 1800 m s novym tunelem Mald Huba,
ktery byl uveden do provozu na podzim roku 2005. Jde o dvoukolejny
tunel délky 324 m, razend ¢4st ma délku 300 m. Byl raZen v prostredi

BASIC DATA

Region The Czech Republic

Employer SZDC's. o.

Designer METROPROJEKT Praha a.s., SUDOP Praha a. s.
User Ceské drahy a. s. (Czech Railways)

Construction period  the completion anticipated in 2016

INTRODUCTION

In 1973 the International Railway Union developed the Steering Plan for
the European Railway Network. Its aim was to provide European railway
lines with a modern infrastructure comparable in terms of the speed, com-
fort and safety as well as other services with the system of motorways and
airlines. Once the plan had been worked out and the construction had gra-
dually commenced, there was the “European Agreement on Main Interna-
tional Railway Lines” (AGC Agreement) concluded in 1985, in the frame-
work of the ECE/UN, which was followed by the “Agreement on Main
International Combined Transport Lines and Related Structures” (AGTC
Agreement) in 1991. Four railway transit corridors were defined for the
Czech Republic that were assigned the priority of being upgraded to a level
meeting the parameters contained in the AGC and AGTC agreements. The
map of the network formed by those corridors is in the picture attached.
The importance of those railway routes is proven by their incorporation
into the scheme of so-called Pan-European corridors. The aggregated
length of all those corridors in the Czech Republic amounts to 1,962km.

A part of the Third Corridor east of Ceskd Trebovd is already in servi-
ce; its sections to the west from Prague are in the design phase; the con-
struction work on the Rokycany — Plzen section is anticipated to com-
mence in three years, while the Prague — Beroun section should see the
work start in five years.

COMPLETED STRUCTURES - THE KRASIKOV, TATENICE,
MALA HUBA, HNEVKOV | AND HNEVKOV Il TUNNELS

The first section to be modernised was the 22.4km long stretch between
Ceskd Tiebova and Krasikov. The work on this part of the eastern branch
of the Third Transit Corridor connecting the cities of Ceskd Tiebovi,
Zdbreh na Moravé, Olomouc and Prerov commenced in 2002. The imple-
mentation of this construction, which is till now the most difficult one in the
network of the corridors, started in 2002 by the excavation of the Krasikov
and Tatenice tunnels. The Krasikov Tunnel, for the time being the longest
tunnel found along the corridor lines, is 1,101m long. The mined tunnel por-
tion is 1,035m long. The maximum overburden thickness along the tunnel
route amounts to 42m. The new norm, CSN 73 7508 Railway Tunnels, was
applied to the Krasikov tunnel and the other tunnels design. The safety
space in the tunnel crown was enlarged from 150mm to 300mm, and an
escape gallery was driven along the middle section of the tunnel to provide
enhanced safety of passengers. The gallery is 240m long. It terminates at
a 12m deep shaft with an escape staircase ending on the ground surface. The
alignment of the double-rail line running through this tunnel is on two
reverse curves with a minimum radius R = 941m. The tunnel excavation
was performed without problems, using the NATM with a horizontal exca-
vation sequence. The in situ reinforced concrete final lining is mostly
350mm thick. The same method was applied to an adjoining short tunnel,
i.e. the Tatenice Tunnel. This 143.7m long tunnel was constructed using
mining methods along a length of 85.0m, under a cover 14m thick as
a maximum. The cast in situ reinforced concrete final lining is also 350mm
thick. Both above-mentioned tunnels are separated by the Moravska Saza-
va River’s valley. The track overcomes the valley via a 176m long bridge.
There is the new Tatenice intermediate station built on the bridge. This tech-
nical solution proved very successful. The relocated track including the
Krasikov and Tatenice tunnels was opened to traffic in August 2004. The
smooth progress of this construction created an atmosphere of both the pro-
fessional and lay public sympathy, which is helpful even for the successful
execution of relocating the adjoining section of the Krasikov — Zédbreh na
Moravé line. This construction can be divided into two parts. The part 1
consists of the re-arrangement of the railway track within a 5,913m long
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Obr. 1 Mapa koridorovych trati CR
Fig. 1 Map of Railway Corridors in the Czech Republic

metamorfovanych hornin, zejména fylita a fylitickych bfidlic metodou
NRTM s horizontdlnim ¢lenénim vyrubu, maximdlni vySka nadlozi
byla 39 m. Definitivn{ ostén{ z monolitického Zelezobetonu m4 tloust-
ku 350 mm a bylo provadéno po pasech délky 10 m. Navazujici 2. ¢dst
— Gpravy traté mezi stanicemi HoStejn a Zébfeh na Moravé v délce
9862 m zahrnuje i prelozku traté v délce 2570 m, kde jsou situovény
dal3i 2 nové tunely. Je to dvoukolejny tunel Hnévkovsky I, s celkovou
délkou 180 m a razenou ¢asti délky 130 m. Maximdlni vyska nadloZi je
25 m. Tunel byl raZen v prostredi proterozoickych metamorfovanych
hornin metodou NRTM s horizontdlnim ¢lenénim vyrubu. Prevazuji-
cfm horninovym typem byly fylity a fylitické bridlice. Definitivn{ osté-
ni z monolitického Zelezobetonu md tloustku 350 mm a bylo provadé-
no po pasech délky 10 m. V soucasné dobé je dokonCeno definitivni
ostén{ tunelu véetné portdlt a provadi se montaZ kolejového svrsku
a technologického vybaveni tunelu a terénni dpravy u portalt.

Dal3i tunel realizovany na této preloZce je tunel Hnévkovsky II. Je to
opét dvoukolejny tunel s celkovou délkou 462 m, razend ¢ast ma délku
432 m a maximdlni vyska nadlozi je 78 m. Tunel byl raZen opét v pro-
stiedi proterozoickych metamorfovanych hornin. Pfevazujicim hornino-
vym typem byly biotitické pararuly. Razba byla provddéna metodou
NRTM s horizontdlnim ¢lenénim vyrubu. Definitivni osténi z monolitic-
kého Zelezobetonu tloustky 350 mm bylo provadéno po pasech délky 12
m. V prevdZzném rozsahu bylo provddéno osténi bez spodni klenby.
V soucasné dobé je dokoncena razba tunelu a betondz definitivniho osté-
ni véetné portdli. Je moZno konstatovat, Ze veSkeré price v raZené Césti
tunelu probihaly bez vétSich obtiZi a v pozadovanych terminech. Mno-
hem ndro¢néjsi bylo technické feseni portélu tohoto tunelu. Pfi zpraco-
vani realiza¢ni dokumentace byla snaha jak zhotovitele, tak i projektan-
ta vyuZit zkusenosti z vystavby tunelt Krasikov a Tatenice.

Oproti zaddvaci dokumentaci byly provedeny tyto zmény:

— Vjezdovy portdl je zasazen pfimo do mohutného skalntho vychozu

vrchu Hejnice pfimo nad provozovanou silnici do obce Hnévkov.
V zaddvaci dokumentaci byla hloubend stavebni jama pro portdl
navrZena jako trvale kotveny skalni zdfez, pudorysné ve tvaru L.
Maximdlni vyska skalni stény byla cca 45 m. Vlastni portél byl
kolmy na podélnou osu traté. V realizadni dokumentaci byl navrZen
Sikmy portdl, a tim byl objem odtéZované horniny sniZen cca na
polovinu a maximdln{ vy$ka zdfezu byla sniZena na 25 m. Nad §ik-
mou Celni portdlovou sténou byla provedena Zelezobetonové pre-
véazka s pramencovymi kotvami délky 25 m. VeSkeré stavebni prace
byly provddény ve spolupréci s horolezci, a proto nebylo nutné
budovat té7ké leSent, jak bylo v zaddni uvazovéno. Zaroven se ale
ukdzalo, Ze skalni sténa portdlu je velmi naruSend a neni mozno ji
ponechat jako kotvenou skalni sténu. Proto byla portdlovd sténa
zpevnéna monolitickou st€nou z prostého betonu celkové vysky cca
18 m. Koruna stény je ukonlena tenkou atikovou zidkou tvorici
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section between the Tatenice and HoStejn intermediate stations, i.e. the relo-
cation of a 1,800m long track containing the new Mala Huba Tunnel (ope-
ned to traffic in the Autumn 2005). A 300m long portion of this 324m long
double-rail tunnel was mined. The tunnel was driven using the NATM with
a horizontal excavation sequence through the metamorphosed rock envi-
ronment where phyllite and phyllitic shales prevailed. The cover thickness
did not exceed 39m. The casting of the 350mm thick reinforced concrete
final lining was carried out in 10m long blocks.

The adjoining part 2 of the rearrangement of the 9,862m long track bet-
ween the Hostejn and Zabieh na Moravée intermediate stations consists,
apart from others, of the 2,570m long relocated track containing another
2 new tunnels. First of those is the double-track Hnévkov I Tunnel (the
total length of 180m, the mined section 130m long). The maximum over-
burden thickness amounts to 25m. The tunnel was driven through the
Proterozoic metamorphosed rock environment using the NATM with
a horizontal excavation sequence. Phillite and phyllitic shales prevailed.
The cast in situ reinforced concrete final lining is 350mm thick. It con-
sists of 10m long casting blocks. Today, the final tunnel lining including
the portals are complete; trackwork and technical services are being
installed and the terrain is being finished at the portals.

The other tunnel built on this relocated track is the Hnévkov II Tun-
nel. This is again a double-track tunnel; the mined section contributes
432m to the total tunnel length of 462m; the maximum overburden depth
amounts to 78m. The excavation also passed through the Proterozoic
metamorphosed rock environment. The biotite paragneiss rock type pre-
vailed. The NATM was applied using a horizontal excavation sequence.
The casting blocks of the 350mm thick reinforced concrete final lining
were 12m long. The invert was left out along a major part of the lining.
Currently, the tunnel excavation has been completed as well as the cas-
ting of the final lining, inclusive of the portals. It is possible to say that all
operations in the mined tunnel section passed without significant pro-
blems and the required deadlines were met. Much more difficult problem
was the design of the tunnel portals. Both the contractor and the designer
tried to implement the lessons learnt in the construction of the Krasikov
and Tatenice tunnels when they were developing the final design.

The following deviations from the tender documents were adopted:

— The entrance portal is positioned directly to a mighty rock outcrop of
Hejnice hill, directly above an operated road leading to the village of
Hnévkov. The tender documents required an L-shaped layout of the
construction trench for the portal, with the rock slopes stabilised
using permanent anchoring. The maximum rock wall height amoun-
ted approximately to 45m. The portal itself was perpendicular to the
longitudinal axis of the track.

The final design contained an oblique portal solution. Owing to this
configuration, the volume of the excavation was reduced roughly to
a half and the maximum depth of the cut decreased to 25m. The obli-
que portal wall was provided with a reinforced concrete capping piece
stabilised by 25m long stranded anchors. All construction operations
were carried out in close collaboration with rock climbers, therefore the
heavy scaffolding assumed in the design became unnecessary. At the
same time, however, the rock wall showed to be intensely fractured.
The anchored rock wall design could not be applied. A cast in situ unre-
inforced concrete wall about 18m high had to be erected to support the
portal wall. The top of this wall is provided with a thin parapet serving
as safety railing. The parapet prevents stones from falling from the
upper levels of the portal wall, which is stabilised only by a grid of

Obr. 2 Tunel Krasikov — vjezdovy portdl
Fig. 2 The Krasikov tunnel entrance portal
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Obr. 3 Zelezniéni zastdvka na mosté s portdlem Tatenického tunelu
Fig. 3 The intermediate station on the bridge before the Tatenice tunnel portal

zdbradli. Ta chrani portdl pfed padem kameni z hornich partif skal-
ni stény, kterd je zpevnéna pouze rastrem kréatkych tyCovych kotev.
Dnes je mozno konstatovat, Ze pri trasovani nové trati méla byt pec-
livé zvazovana poloha portdlu. Pokud by byl situovan mimo skaln{
vychoz, bylo by podstatné snazsi jej zakomponovat i do relativné
strmych svahl vrchu Hejnice a 1épe by splynul s terénem.

— Okoli hloubené ¢asti vyjezdového portdlu bylo v realiza¢ni doku-
mentaci feSeno zdsypem zeminou vyztuZenou geomfiZemi
TENSAR, ktery bude ohumusovén. Toto feSeni nahradilo puvod-
né uvazovanou vysokou gabionovou zed vytvofenou z tiidéné
rubaniny z tunelu. Nové feSeni umoznilo velmi dobré zakompo-
novéni portdlu do prilehlého svahu.

PRIPRAVOVANE STAVBY
Tratovy usek Praha — Beroun

Modernizace tohoto tratového dseku, kde se uvazuji nové tunely
v celkové délce az 24,33 km, je podrobné popsana v samostatném pris-
pévku tohoto &isla Casopisu.

Tratovy usek Ejpovice - Plzen

Tratovy dsek Ejpovice — Plzen md v soucasné dobé schvélenou doku-
mentaci pro Uzemni rozhodnuti. Oba tunely jsou dvoukolejné a jsou
podle mistniho nézvoslovi pojmenovany Homolka a Chlum. Usek mezi
tunely (pivodné uvazovan jako hloubeny tunel) je pfi védomi rozvojo-
vého obytného potencidlu veden v otevieném zarezu hloubky cca 15 m,
délky 400 m. Do tohoto mista je umisténa ZelezniCni zastavka dl.
170 m a také vSechny pristupové rampy pro jednotky integrovaného
zéchranného systému s potfebnymi ndstupnimi a zdchrannymi plocha-
mi. Tunely Homolka a Chlum se projektuji tak, aby v budoucnu mohly
byt souldsti vysokorychlostni Zelezni¢ni trat¢ Praha — Plzen.

Uzemi je budovano horninami ndleZejicimi dvéma stratigrafickym
celkam, svrchnimu proterozoiku a tektonické kie karbonskych sedi-
mentu (prevazné v oblasti zdfezu mezi tunely). Pfevazujicim hornino-
vym typem proterozoika jsou Sedé bridlice a prachovce v rizném stup-
ni zvétrani. Sedimenty jsou prostoupeny vulkanity, z nichZ nejvy-
znamn&jsi vyskyt je v prostoru vrchu Chlum. Jednd se o jemnozrnné
masivni horniny prevazné zelenoSedé barvy — ,spility*, kromé vrch-
nich partif masivu obvykle se stfedni az malou hustotou diskontinuit.
Pro oboji horniny jsou charakteristické pyritové impregnace. Hornino-
vy komplex je tektonicky znaéné postiZen, poruSené stlatené zény se
vyskytuji i v prostiedi vulkaniti — dosahuji mocnosti nékolika deci-
metra aZ jednoho metru.

Tunel Homolka

Tunel Homolka mé délku 2400 m a prochdzi pod tizemim vyuZiva-
nym pro zemédélskou vyrobu. Razend ¢ast je dlouhd 2186 m. V celé
délce tunelu bude v predstihu vyrazena soubéznd dnikovd $tola umfs-
ténd vpravo od tunelu v osové vzdalenosti 20 m. Nejvyssi nadlozi
tunelu je 50 m.

Z hlediska smérovych poméra je tunel umistén v piimé, z hlediska
sklonovych pomért pak v klesani 10,5 %/o0. Svétly tunelovy profil (STP)
o velikosti 81,2 m~ vyhovuje i pro provoz vysokorychlostni trati
s ndvrhovou rychlosti 230 km/h. STP tunelu je dle CSN 73 7508
navrZen s pruhem pojistného prostoru §itky 300 mm. Osova vzdélenost
koleji v tunelu je 4,20 m.
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short rod-type anchors. Today we can state that the position of the por-
tal should have been carefully considered when the new alignment had
been designed. If the portal had been situated some other place than at
the rock outcrop, it would have been much easier for the designer to
integrate it even into the relatively steep slopes of Hejnice hill, and it
would have better blended into the neighbourhood.

— The surroundings of the cut and cover section found at the exit portal was
solved in the final design as an embankment reinforced by TENSAR
geogrid. The geogrid is to be covered with topsoil. This solution repla-
ced the originally assumed gabion wall that was to be built using the
sized muck extracted from the tunnel. The new solution made the very
good incorporation of the portal into the adjacent slope possible.

PLANNED PROJECTS
The Prague - Beroun Line Section

The modernisation of this track section, for which new tunnels are
planned at a total length of up to 24.33km, is described in detail in a sepa-
rate article in this Tunel magazine issue.

The Ejpovice - Plzen Line Section

The Ejpovice — Plzen line section has its design documentation for
issuance of zoning and planning decision approved. Both tunnels are of
the double-rail type. The tunnels are named using local names of hills, i.e.
Homolka and Chlum. The track section between the tunnels, which was
originally considered as a cut and cover tunnel, is designed to be laid in
an about 15m deep and 400m long open cut. The reason is the awareness
of the residential development potential of the area. This location betwe-
en the tunnels is the place suitable for a 170m long intermediate station
and all access ramps and mustering areas for the units and equipment of
the Integrated Rescue System. The Homolka and Chlum tunnels are
being designed so that they can become parts of the high-speed railway
line from Prague to Plzen.

The geology of the location consists of rock types forming two strati-
graphic units, i.e. the Upper Proterozoic and a tectonic block of Carbonife-
rous sediments (mainly in the area between the tunnels). Grey shales and
siltite of various degree of weathering prevail in the Proterozoic unit. The
sediments are permeated with volcanic rocks. The most significant occur-
rence of the volcanic rock is in the area of Chlum hill. The volcanic rocks
are fine-grained massive rocks, mostly green-grey in colour — “spillites”.
With the exception of the upper parts of the rock massif, the spacing of
joints is usually wide to medium. Both rock types are characterised by pyri-
te-impregnated positions. The rock complex is significantly affected by
faulting; the disturbed compressed zones, which occur even in the volcanic
rock environment, reach the thickness of several decimetres to one metre.

The Homolka Tunnel

The 1,400m long Homolka tunnel passes under an area utilised for
intensive farming. The mined portion of the tunnel is 2,186m long.
There will be a parallel escape gallery driven along the whole length of
the tunnel, to its right side, at 20m spacing. The overburden is 50m high
as a maximum. The horizontal alignment of the tunnel is straight; its
gradient descends at 10.5%0. The clear tunnel section (CTS) of 81.2m?2
will accommodate train speeds up to 230 km/hour. The CTS designed
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Obr. 4 Tunel Mald Huba — vjezdovy portdl
Fig. 4 The Mald Huba Tunnel entrance portal




Obr. 5 Tunel Hnevkov II - vjezdovy portdl ve skalni stené
Fig. 5 The Hnévkov II tunnel entrance portal in the rock wall

Dvoukolejny Zelezni¢ni tunel bude vybaven bezpecnostnimi
vyklenky (vzddlenymi 24 m), kabelovymi trasami, pozdrnim suchovo-
dem umisténym jednostranné v pravém chodniku, osvétlenim, madlem
a nosici trakéniho vedeni.

Osténi tunelu bude mit z&&sti podkovovity (v dl.1 550 m) a z&asti
uzavieny tvar (v dl. 636 m). Teoreticky profil vyrubu tunelu je
103,6 m? pro podkovovity tvar ve stiedn{ ¢dsti tunelu a 123,0 m? pro
uzavieny tvar v raZenych Cdstech tunelu smérem k portalim. Mini-
mdlni tloustka klenby ve vrcholu u osténi podkovovitého tvaru je
300 mm, u ostén{ uzavieného tvaru 400 mm. Minimdln{ tloustka spod-
ni klenby u osténi uzavieného profilu je 500 mm.

Unikovi §tola je razena v délce 2186 m. Teoreticka plocha vyrubu
unikové Stoly je 27,3 m? (v délce 1150 m), resp. 15,3 m? (v délce
1036 m). VEtsi profil Stoly umozniuje v piipade potieby otevrit dals{
dvé Celby hlavniho tunelu zhruba v poloviné délky a urychlit tim dobu
vystavby. Zbylych 214 m bude vybudovéno v hloubenych dsecich, zde
je rub osténi tunelu a §toly umistén ve vzdalenosti min. 1 m. Stola bude
na 7 mistech (vzdjemné vzddlenych max. 300 m) propojena s tunelem
propojkami, v nichZ bude umisténa vétraci technologie.

Tunel Chlum

Navrhovany dvoukolejny raZeny tunel je délky 1300 m, z toho raze-
nd ¢dst dl. 1118 m, hloubené dseky dl. 182 m. Konstrukéné je tunel
feSen shodné s tunelem Homolka. Maximélni vy$ka nadloZi je 70 m.
V délce 600 m je ve stredni Casti tunelu vedena soubéZnd tnikova tola
umisténd v osové vzdalenosti 20 m. Tunel a $tola jsou na 3 mistech
propojeny. Z unikové Stoly je radidlné vedena Stola dstici na povrch
zdpadné od zdstavby v Ujezdg.

Jablunkovsky tunel

Na tratovy tsek stétn{ hranice SR — Mosty u Jablunkova — Bystfice
nad OI$f je v soucasné dobé vypracovana dokumentace pro tzemni
rozhodnuti.

V ramci optimalizace tohoto tseku dojde k nahrazeni dvou stavaji-
cich jednokolejnych tuneld jednim dvoukolejnym. Prvni z jednokole;j-
nych tuneld bude rozsifen a prestrojen na novy dvoukolejny, druhy
bude vyrazen z provozu a vyplnén rubaninou a popilkobetonem.

Novy dvoukolejny razeny tunel md délku 612 m, razend Cast je
délky 588 m, hloubené useky celkem 24 m. Maximadlni vyska nadloZi
je 25 m. Definitivni osténi z monolitického Zelezobetonu v tloustte
400 — 600 mm, délka sekcg betopéie 12 m.
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ING. JIRI RUZICKA, e-mail: ruzicka@metroprojekt.cz,
METROPROJEKT PRAHA a. s.

ING. MICHAL GRAMBLICKA, SUDOP PRAHA a.ss.,
e-mail: michal.gramblicka@sudop.cz
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Obr. 6 Tunel Hnévkov II — vyjezdovy portdl
Fig. 6 The Hnévkov II tunnel exit portal

according to CSN 73 7508 contains a 300mm wide safety space. The
track centre distance in the tunnel amounts to 4.20m.

The double-track tunnel will be equipped with safety recesses built at
intervals of 24.0m, cable runs, a dry hydrant main installed along one side
(in the right walkway), the lighting system, a handrail and the contact-line
suspension system.

The tunnel lining will be horseshoe shaped along a length of
1,550m and a 636m long section will have a closed profile. The theoreti-
cal excavated cross section of the tunnel is of 103.6m? in the central part
of the tunnel (the horseshoe shaped profile) and 123.0m? in the remaining
parts of the mined tunnel section (the closed profile on the sides heading
toward the portals). The minimum thickness of the lining at the crown of
the arch is of 300mm and 400mm for the horseshoe shaped profile and
the closed profile respectively. The minimum thickness of the invert of
the closed profile is of 500mm.

The escape gallery is driven along a length of 2,186m. The theoretical
excavated cross section area of the escape gallery is of 27.3m? and 15.3m?
within a length of 1,150m and 1,036m respectively. The larger profile of
the gallery allows two additional points of attack to be opened roughly in
the middle of the main tunnel length if necessary, thus to reduce the con-
struction time. The remaining 214m of the gallery will be cut and cover.
The minimum spacing between the external surfaces of the tunnel and the
gallery is to be of 1.0m. The gallery will be connected with the tunnel by
7 cross passages (driven at maximum intervals of 300m). The passages
will house the ventilation equipment.

The Chlum Tunnel

The proposed double-rail tunnel is 1,300m long (a 1,118m long mined
part plus 182m long cut and cover sections). The Chlum tunnel design is
identical with that of the Homolka tunnel structure. The maximum over-
burden thickness amounts to 70m. The 600m long parallel escape galle-
ry runs along the central part of the tunnel at a distance of 20m. There are
3 cross passages between the tunnel and the gallery. An adit ending on the
surface, west of the residential development in the village of Ujezd, is
designed to be excavated in a radial direction from the escape gallery.

The Jablunkov Tunnel

The design documentation for issuance of zoning and planning decisi-
on for the Slovakian state border — Mosty u Jablunkova — Bystfice nad
OI51 track section has been completed.

Two existing single-track tunnels will be replaced by one double-track
structure in the framework of the optimisation project for this section.
One of the single-track tunnels will be enlarged and relined for the doub-
le-track configuration; the other tunnel will be taken out of service and
filled with the muck and cinder concrete.

The new double-track tunnel is 612m long, the mined portion is
588m long, the cut and cover sections are 24m long in total. The maxi-
mum cover depth is up to 25m. The reinforced concrete final lining is
400 — 600mm thick; the casting blocks are 12m long.
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MODERNIZACE ZELEZNICNI TRATE PRAHA - BEROUN
MODERNISATION OF THE PRAGUE - BEROUN RAILWAY LINE

JIRI MARA, JIRI RUZICKA

ZAKLADNI UDAJE

Region Stredoéesky kraj, Hlavni mésto Praha
Investor SZDC, S. 0.

Projektant METROPROIJEKT Praha, a. s.
Uzivatel Ceské drdhy, a. s.

Obdobi vystavby  predpoklad dokonéeni 2016
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V pripravé staveb tzv. zdpadni ¢asti II1. tranzitniho Zelezni¢niho
koridoru (TZK) v tiseku Praha — Plzefi — stétn{ hranice do$lo v minu-
1ém roce k zasadnim zménam. Moderniza¢n{ varianta byla schvdlend
usnesenim vlidy CR &. 885 z 13. 7. 2005. Tato &st III. tranzitniho
Zelezni¢niho koridoru je povazovdna za prioritni, protoZe je i sou-
éasti TV. koridoru evropské sité Zelezni¢nich magistrdl (AGTC —
C40), (AGTC — E40) Lwov — Ciernd na Tisou — Zilina — Ostrava —
Olomouc — Praha — Plzen — Frankfurt — ParizZ. Soucasti tohoto
koridoru je i dsek trati Praha — Beroun.

Trasa stavajici Zelezni¢ni trat€ vede ddolim feky Berounky s hus-
tou obytnou zdstavbou a bezprostiedné se dotykd tzemi chrdnéné
krajinné oblasti Cesky kras. Smérové vedeni m tiseky s maximaln{
dosazitelnou rychlosti 80 km/hod. Pfi zpracovavani ndvrhu optima-
lizace tohoto tratového tseku se ukézalo, Ze dprava smerového
vedeni ve stdvajici stopé je prakticky neredlnd a vynaloZené pro-
sttedky by navic nepfinesly ocekdvané zlepSeni parametra traté.
Z téchto duvodu bylo rozhodnuto hledat jiné feSeni, které bude sle-
dovat trasu planované vysokorychlostni traté (VRT). Ukézalo se ale,
7e studie VRT je prekonand. Investor proto objednal u firmy
METROPROJEKT Praha, a. s., studii, kterd by provérila nové moz-
nosti trasovani tohoto tratového tseku.

Obr. 1 Prehlednd situace trati Praha—Beroun
Fig. 1 General plan of the Prague—Beroun railway line

BASIC DATA

Region the Central Bohemian Region + the City of Prague
Employer SZDCs. o.

Designer METROPROJEKT Praha a. s.

User Ceské Drahy a. s. (Czech Railways)

Construction period anticipated completion in 2016

INTRODUCTION

Last year, the construction pre-planning for the so-called western
portion of Railway Transit Corridor IIT in the section Prague — Plzen
— the state border experienced principal changes. The modernisation
variant was approved by the Government Decree No. 885 Coll. of
13.7.2005. This portion of Railway Transit Corridor III is considered
as priority because it is part of Corridor IV of the European network
of railway arteries (AGTC — C40), (AGTC — E40) Lwov — Ciernd nad
Tisou — Zilina — Ostrava — Olomouc — Prague — Plzen — Frankfurt —
Paris. The Prague — Beroun track section is part of this corridor.

The route of the existing railway leads along the densely develo-
ped Berounka River valley, and directly touches the Cesky Kras
(Bohemian Karst) Protected Lanscape Area (PLA). The horizontal
alignment contains sections with maximum attainable speed drop-
ping to 80km/hour. It was proven during the course of the work on
the proposal for the optimisation of this line section that modificati-
on of the alignment with the existing path followed is virtually unre-
alistic, and the investment would not improve the parameters of the
line in the expected manner. For those reasons the decision was
made to seek for another solution that would follow the route
of a high-speed line (HSL). It turned out, however, that the HSL
study was outdated. The owner therefore placed an order with
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Obr. 2 Podélné profily variant 1,2, 3 — upravené
Fig. 2 Longitudinal profiles of variants 1, 2, 3 — modified

VYSLEDKY STUDIE

Dle pozadavku zadédni projektant zpracoval nékolik variant moz-
ného feSeni nového propojeni, které byly provérovédny. Ve vSech
variantdch za¢ind trasa v Zelezni¢ni stanici Praha-Smichov a kon¢i
vytsténim do ddolni nivy Berounky na okraji Berouna v prakticky
totozném misté. Studie provérila celkem sedm variant feSeni. V
tomto ¢ldnku uvadime tfi nejzajimavéjsi varianty, které maji mini-
malni negativni vliv na Zivotni prostfedi v oblasti mésta Lodénice.

Varianta 1 — trasa byla zpracovana v poloze, kterd se nejvice pri-
blizuje navrhu VRT. Z hlediska vyskového vedeni sleduje terén se
znaénym stoupdnim a klesanim.

Varianta 2 — smérové v podstaté také sleduje stopu navrh trasy VRT,
ale kromé useku v Lodé€nici a dseku pred Zelezni¢ni stanici Beroun
vede celd v tunelu s velmi malymi sklony. V prostoru Lodénice je v této
variant¢ kromé krétkych dseku trat€ na terénu uvaZovén i mostni objekt
délky 432 m. V této variant€ je_nadzemni tsek u Lodénice veden
v limitni stopé po hranici CHKO Cesky kras tak, jak bylo pozadovdno
pii predbézném projednéni spravcem tohoto chranéného dzemi.

Varianta 3 — smérové také sleduje trasu ndvrhu VRT. Je vedena
celd v tunelu s velmi malymi sklony a tdoli ricky Lodénice prekra-
Cuje kratkym mostem délky 200 m, ktery je ale situovédn do tuzemf{
CHKO Cesky kras. Presto, Ze je v této varianté trasa nejkratsi, bylo
od ni upusténo na zdkladé zamitavého stanoviska spravce CHKO.

Pro dalSi rozpracovani v pfipravné dokumentaci byla doporucena
varianta 2 z t€chto divodu:

— trasa je o 537 m kratSi neZ varianta 1,

METROPROIJEKT Praha a. s. for a study that would examine new
options for the alignment of this line section.

RESULTS OF THE STUDY

In accordance with the order, the designer developed several vari-
ants of the possible solution to the new link. The variants were exa-
mined. In all of the variants the alignment starts in the Prague-Smi-
chov station and ends at the edge of Beroun, in the Berounka River
plain, at a virtually identical point. The study examined a total of
seven variants of the solution. Three of them, the most interesting
ones, are presented in this paper. Their negative environmental
impact on the area of the town of Lod_nice is the lowest.

Variant 1 — The alignment was designed to be at a position which
is closest of all to the HSL design. Its vertical alignment follows the
surface with its considerable rising and descending contours.

Variant 2 — The horizontal alignment also follows the HSL route
but, excepting a section in Lodénice and a section before the Beroun
station, the whole line passes through a tunnel with very small gra-
dients. In addition to short at-grade sections, this variant considers
a 432m long bridge in the Lodénice area. The at-grade section near
Lodénice is designed in this variant to follow the limiting route
along the PLA Bohemian Karst, in the manner required by the admi-
nistrator of this area during preliminary negotiations.

Variant 3 — The horizontal alignment also follows the designed
HSL route. The entire length of this alignment is led through a tun-
nel with small gradients. The Lodénice River valley is overcome via
a short, 200m long bridge, which is situated in the area of the PLA
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POROVNANI PARAMETRU VARIANT
COMPARISON OF VARIANT PARAMETERS

Popis velic¢in 1.VARTANTA 2.VARIANTA
Description of quantities VARIANT 1 VARIANT 2
Celkova délka trasy 28,194 km 27,657 km
Total length of the alignment

Délka trasy na povrchu 6,594 km 3,927 km
At-grade alignment length

Délka tunelu 21,600 km 23,730 km
Length of tunnels

Maximadlni podélny sklon 16 /oo 5.4 %0
Maximum longitudinal gradient

Maximadlni prevySeni 176,600 m 68,600 m
Maximum difference in altitudes

Maximadlni vyska nadlozi 151,500 m 171,100 m

Maximum depth of cover

Rozdily v délkdch trasy v jednotlivych variantdch nejsou velké. Kazdopddné proti stavajicimu stavu dojde

k vyznamnému zkrdceni trasy Praha — Beroun o cca 10 km.

The differences in the lengths in the individual variants are not substantial. In any case, the line
Prague — Beroun will be significantly shorter compared to the existing state, approximately by 10 km.

— md podstatné mens{ Gzemni pozadavky,
—md podstatné lep$i parametry z hlediska vySkového vedeni
(je energeticky tspornéjsi),

— vyhyba se CHKO Cesky kras,

— investi¢n{ ndro¢nost obou variant je v podstaté stejnd.

Pii projedndvani studie s dot¢enymi obcemi obdrzel investor od
starosty obce Svaty Jan pod Skalou pisemny nesouhlas s vedenim
trasy nad ddolim fi¢ky Lodénice dle varianty 2, coZ vedlo projek-
tanta k ndvrhu upravené verze varianty 3 (viz obr. 2).

TECHNICKE RESENI TUNELU
KONCEPCE TUNELU

Ve varianté 1, ale zejména ve variantdch 2 a 3 se uvaZuje s vystav-
bou dlouhych tunelt. Z ekonomickych rozbort a na zékladé znalos-
ti v celosvétovém méritku jasné vyplyvd, Ze pro navrhované délky
tuneld je nejvhodnéj§i uvaZovat razbu plnoprofilovym razicim
strojem (TBM), ktery by mél zajistit rychly a efektivni postup razby
ze dvou portdlt, aniZ by bylo nutné v trase budovat dal3i pfistupové
cesty pro vice Celeb.

Pochopitelné neni moZné opomenout riziko piipadnych krasovych
jevu, zejména v tseku mezi Lodénicemi a Berounem. ReSeni tohoto
problému je nutné vénovat patri¢nou pozornost jiZ pii inZzenyrskoge-
ologickém pruzkumu. Na zdkladé pruzkumu lze i bliZe specifikovat
poZadavky na razici mechanizmus a zpusob sanace piipadnych
poruch ¢i kaveren. Pochopitelné neni vyloueno pouziti raziciho
stroje smérem od Prahy do Lodénic a pro protirazbu z Berouna do
Lodénic, kde je predevsim riziko krasovych jevu, volit jinou techno-
logii. Dalsi otdzka, kterou by mél zodpovedét hydrogeologicky pru-
zkum, je troven hladiny podzemni vody a zatizeni osténi tunelt
hydrostatickym tlakem. Duvodem je pfedev§im snaha minimalizo-
vat, respektive prakticky zcela vyloucit negativni vliv této stavby na
Zivotni prostiedi. Proto predpokldddme, Ze osténi jednokolejnych
tuneld bude vodotésné a nebudou uvazovény trvalé drendze za osté-
nim tunelu. Staticky nejvyhodnéjsi kruhovy profil tunelu toto umoz-
nuje bez velkych ndroku na tloustku osténi a mnozstvi vyztuze.

Ve vSech variantidch se predpoklddd umisténi prazského portdlu
v km 3,000. Je to tésné pred kfizenim s vystupni barrandovskou radi-
dlou (ulice K Barrandovu) v Hlubo&epech. Pfi podrobnéj§im rozpra-
covani projektu v pripravné dokumentaci bude pravdépodobné pred
timto portdlem misto hlubokého odfezu navrZena hloubend &ést
tunelu v délce cca 170 m, kterd bude ndsledné zasypéna a definitiv-
ni portél bude vhodné zakomponovén do ¢ela skalniho ostrohu mezi
stdvajici trati smérem do Radotina a trati smérem na Rudnou. Tunel
je situovan tak, aby nebyl narusen reliéf vychozt horninovych vrs-
tev viditelny na bo¢ni stran€ ostrohu smérem k Vltavé. Toto feSeni
umoznuje jiz od zhlavi Zelezni¢ni stanice Praha-Smichov oddélit
novou rychlosti trat’od soucasné traté¢ do Berouna, ktera bude vyuZi-
vdna zejména jen pro osobni dopravu mezi Prahou a Berounem
a vltavské udoli tak bude chrdnéno pred nepfiznivymi vlivy dalkové
dopravy.

Tuflel

Bohemian Karst. Even though this vari-
ant of the alignment is the shortest, it was
abandoned because of a negative opinion
of the HSL administrator.

3.VARIANTA ;
(zména) The variant 2 was recommended for
VARIANT 3 further‘developr‘nent in the‘desig.n docu-
(modified) mentation for issuance of zoning and
planning decision for the following rea-
27,558 km sons:
— the alignment is shorter by 537m than
3228 km that of the variant 1,
— its requirements for land are signifi-
Zassklla cantly lower,
2,8 %0 —its parameters are much better in
terms of the levels (it is also more
45,600 m economical),
— it passes outside the PLA Bohemian
201,200 m Karst,

— the capital demands of the two vari-
ants are virtually equal.

When the study was being negotiated
with affected municipalities, the owner
received a letter of disagreement with the
route to pass over the Lodénice River valley proposed in the variant
2 written by mayor of the village of Svaty Jan pod Skalou. The
modified version of the variant 3 was the result (Fig. 2).

THE TUNNELS ENGINEERING SOLUTION
THE CONCEPTION OF THE TUNNELS

The construction of long tunnels is dealt with in the variant 1, but
above all in the variants 2 and 3. It follows clearly from economic
analyses and from worldwide experience that the most advantageous
for the proposed tunnel lengths is to design the TBM excavation
technique. It should guarantee fast and effective progress from two
portals without a need for other access routes for more headings to
be provided along the route.

Naturally, the risk of contingent karstic phenomena must not be
disregarded, in particular within the section between Lodénice and
Beroun. The solution of this problem must be given special attenti-
on as early as the period of the engineering geological investigation.
Even the requirements for the tunnelling equipment and the method
of removing contingent faults or caverns can be closer specified on
the basis of the investigation results. Of course, the possibility
cannot be excluded that the TBM would be utilised for the direction
from Prague to Lodénice, and another technique for the opposite
direction, from Beroun to Lodénice, where the potential for occur-
rence of karstic phenomena is higher. Another question that should
be answered by the hydrogeological investigation is the ground
water table level and the hydrostatic head load on the tunnel lining.
The primary reason is the effort to minimise or virtually nearly com-
pletely exclude the negative environmental impact of the constructi-
on. We therefore assume that the tunnel lining will be watertight, and
permanent drainage behind the tunnel lining will not be designed.
The circular tunnel profile, which is most advantageous in terms of
structural calculations, allows this without special requirements for
the thickness and amount of reinforcement of the lining.

All of the variants assume that the Prague portal will be at chai-
nage km 3.000, i.e. just before the intersection with busy traffic car-
rying K Barrandovu Street in Hluboc¢epy. When the design for the
planning phase is developed in more detail, a cut and cover section
will probably be designed in this location instead of a deep side-hill
cut. The 170m long structure will be eventually backfilled and the
final portal will be appropriately incorporated into the face of the
rock nose between the existing track running in the direction toward
Radotin and the track toward Rudnd. The tunnel is situated in a man-
ner preventing the relief of outcrops of rock layers which can be seen
on the rock nose side in the direction toward the VItava River from
disturbing. This solution allows the new high-speed track to separa-
te from the existing line to Beroun just at the Prague-Smichov stati-
on gridiron. The existing track will mainly carry the passenger traf-
fic between Prague and Beroun; thus the Vltava River valley will be
protected against adverse effects of long-distance traffic.
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PROFIL TUNELU

Ve vSech uvaZovanych variantdch se predpoklada v dseku od
prazského portdlu na Smichové v délce cca 2,3 km profil dvouko-
lejného tunelu pro rychlosti do 200 km/hod. V rdmci dvoukolej-
ného tunelu je feSen rozplet na jednokolejné tunely a ddle odboc-
né komory pro napojeni traté nového propojeni na trat smérem do
Krée. Od mista rozpletu az do Berouna je uvaZovan bud jednoko-
lejny razeny tunel s paralelni tinikovou $tolou, kterd muZe byt
v dalsi etapé prestrojena na druhy jednokolejny tunel (ve studii je
to zdkladni varianta), nebo 2 jednokolejné tunely. V ekonomickém
rozboru je uvedeno i feSeni s dvoukolejnym tunelem a dnikovou
Stolou. Toto feSen{ ale predpoklddd prujezdy vlaku rychlosti 160
km/hod., coZ je v rozporu s pozadavkem na prujezdy vlaka az 300
km/hod. Je ale dokladovéno jako prikaz nevhodnosti tohoto feSe-
ni jak z hlediska finan¢ni ndro¢nosti, tak i kvuli tlakovym d&in-
kiim pusobicim na cestujici pfi mijeni se protijedoucich vlaka
v tunelu.
Velikost profilu jednokolejného tunelu je veli¢ina, kterd velmi
vyrazné ovliviiuje celkovou finan¢ni ndro¢nost stavby. Pro ekono-
micky rozbor variant feSeni profilu tunelt byly navrZeny 3 typy
pri¢ného profilu jednokolejného tunelu:
— jednokolejny tunel pro rychlost 300 km/hod. dle smérnic
némeckych drah, svétly pramér tunelu 9,4 m,

— jednokolejny tunel pro rychlost 230 km/hod. dle smérnic
némeckych drah, svétly pramér tunelu 8,9 m,

— dsporny, tzv.“Svycarsky* profil tunelu uvazovany v novych
dlouhych alpskych tunelech ve Svycarsku pro rychlosti do
200 km/hod., svétly prumér tunelu 8,3 m.

STRUCNA CHARAKTERISTIKA VARIANTY 2

Tato varianta byla doporucena k dal§imu rozpracovani. Soucas-
ti navrhované trasy jsou 2 tunely. V dseku mezi Prahou a Lodéni-
cemi je navrzen tunel v délce 19,2 km a v dseku mezi Lodénice-
mi a Berounem je uvazovan tunel délky 4,53 km.

STRUCNA CHARAKTERISTIKA VARIANTY 3 — ZMENA

V pripadé kladného projedndni docasného zédboru pro stavbu
v CHKO se spravcem tohoto chrdnéného tzemi, by tato varianta
byla vhodnéj$i nez varianta 2. Je zcela vyloucen trvaly zdsah do

Plocha vyrubu 90,8 m?
Excavated cross section 90,8 m?

~—— ——

600, 0 600,

Obr. 3 PFi¢ny Fez jednokolejnym tunelem dle DB (300km/hod)
Fig. 3 Cross section through the single-track tunnel according to DB
directives (300km/hour)
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THE TUNNEL PROFILE

A double-track tunnel profile for design speeds up to 200km/hour
is assumed for the approximately 2.3km long section from the
Smichov portal in all variants being under consideration. The doub-
le-track tunnel design solves, apart from other issues, a bifurcation
chamber where the tunnel splits into a pair of single-track tubes, and
turning chambers allowing the tracks designed to link to the railway
line to Kr¢ to connect. The line section from the bifurcation chamber
to Beroun consist either of a single-track mined tunnel and a parallel
escape gallery, which can be converted into the second single-track
tunnel (this is the basic variant in the study) or twin single-track tun-
nels. The economic analysis contains even another solution consis-
ting of a double-track tunnel and an escape gallery. This variant,
however, assumes train speeds of 160km/hour, which contravenes the
requirement for train speeds up to 300km/hour. This particular analy-
sis, however, is a document proving inadequacy of this variant both
in terms of cost demands and the pressures acting on passengers
when opposing trains are passing each other in the tunnel.

The size of the single-track tunnel profile is a quantity which has
a significant impact on the overall capital demands of the project.
The economic analysis of the tunnel profile variants operates with
the following 3 types of the cross section of the single-track tunnel:

- an up to 300km/hour design speed single-track tunnel according
to directives developed by German Railways (DB) (net tunnel
diameter of 9.4m).

- a 230km/hour design speed single-track tunnel according to
directives developed by German Railways (net tunnel diameter
of 8.9m).

- an economic tunnel profile, so-called “Swiss” profile designed
for new long Alpine tunnels in Switzerland, according to litera-
ture up to speeds of 200km/hour (net tunnel diameter of 8.3m).

BRIEF CHARACTERISTICS OF THE VARIANT 2

This variant was recommended for further development. The pro-
posed route contains 2 tunnels. A 19.2km long tunnel is designed for
the section between Prague and Lodénice; a 4.53km long tunnel is
proposed for the section between Lodénice and Beroun.

BRIEF CHARACTERISTICS OF THE VARIANT 3-MODIFIED

This variant would be more advantageous than the Variant 2 if the
temporary occupation of the PLA land for construction purposes were
approved by the administration of the PLA Bohemian Karst.

Plocha vyrubu
Excavated cross section

70,1m?
70,1m?

500, 8300 500,
T 7 T T

Obr. 4 PFEny Fez vispornym jednokolejnym ,,Svycarskym* tunelem
Fig. 4 Cross section through the ,,Swiss“ single-track tunnel



15. rocnik - €. 1/2006 Tuflel

EKONOMICKY ROZBOR VARIANT RESENI PROFILU TUNELU
THE ECONOMIC ANALYSIS OF THE TUNNEL CROSS SECTION VARIANTS

Varianta reSeni
Design Variant

Plocha vyrubu tunelu [m?]
Tunnel Excavation
Cross Section [m?]

Plocha vyrubu Stoly [m?]
Gallery Excavation
Cross Section [m?]

Pomér ndklada na 1 bm trasy [%]  Pozndamka
Proportional cost for 1m Note
of the route [%]

Jednokolejny tunel dle smernic DB,

pro rychlost do 300 km/hod + tinikova Stola 90.8
Single-track tunnel according to DB directives,

for speed up to 300 km/h + escape gallery

Jednokolejny tunel dle smérnic DB,

pro rychlost do 230 km/hod + tnikové $tola 79,3
Single-track tunnel according to DB directives,

for speed up to 230 km/h + escape gallery

1 dvoukolejny tunel pro rychlost

do 160 km/hod + tinikova Stola 125,7
1 double-track tunnel for speed

up to 160km/h + escape gallery

2 jednokolejné tunely, ,,Svycarsky* Gsporny typ
pro rychlost do 200 km/hod

2 single-track tunnels, “Swiss” economic

type for speed up to 200km/h

2x70,1=140,2

2 jednokolejné tunely dle smérnic DB,
pro rychlost do 230 km/hod

2 single-track tunnels according to DB
directives, for speed up to 230 km/h

2x79,3=158.,6

2 jednokolejné tunely dle smérnic DB,

pro rychlost do 300 km/hod

2 single-track tunnels according to DB directives,
for speed up to 300 km/h

2x90,8=181.,6

uzemi ficky Lodénice a podélny sklon traté je zcela minimalizo-
vén. Razené tunely jsou preruSeny kritkym dsekem hloubenych
tuneld v ddolni nivé Lodénice, kde je moZno konstrukci upravit
na projeti razicim strojem anebo ukondit razbu strojem smérem
od Prahy a protirazbu tunelu od Berouna cca 3,2 km v tzemi
s pravdépodobnym vyskytem krasovych jevu fesit jinou techno-
logii.

ZAVER

Za nejvhodnéjsi povazujeme variantu 3 — Gprava. Pevné veéfime,
7e spravce CHKO Cesky kras viak dd prednost do¢asnému zabo-
ru v tdolni nivé fi€ky Lodénice pfed trvalymi mostnimi objekty
s priijezdovymi komunikacemi k portdldim tuneld na hranici
CHKO dle varianty 2.

Pri rozhodovdni o velikosti profilu tunelu doporuujeme prove-
fit pouziti Gspornych profild tunelu, tj. bud ,.Svycarsky* profil
(svétly pramér 8,3 m) nebo piipadné pramér 8,5 m, ktery v sou-
Casné dobé realizuji ve Spanélsku na nékolika stavbach tuneld
s délkami pres 20 km.

Pii rozhodovéni, zda razit v 1. etap¢ jeden tunel a dnikovou
Stolu, nebo realizovat 2 jednokolejné tunely soucasné, je z vySe
uvedenych rozboru jasné patrno, Ze vhodnéjsi by byla razba
2 tunelt pokud mozno s dspornym profilem. V této varianté je od

pocatku k dispozici plnohodnotnad dvoukolejna trat, kterd obzvIast

u varianty 3 (maximdln{ sklon 2,8 %) md z hlediska energetické
narocnosti vynikajici parametry.

Nisledna vystavba druhého tunelu prestavbou tnikové Stoly
v dals{ etapé nardzi ¢asto mimo jiné na problém udrZeni tnikové
cesty v provozu béhem razby druhého tunelu. Obvykle to konc&i
rozhodnutim vyrazit dal$i tunel a inikovou §tolu ponechat v pro-
vozu. To v souctu znamend dals$i zvySeni celkovych investi¢nich
nékladu.

ING. JIOIéI' MARA, e-mail: mara@metroprojekt.cz,
ING. JIRI RUZICKA , e-mail: ruzicka@metroprojekt.cz,
METROPROJEKT PRAHA a. s.

184 100 % Zakladni
reSeni
Basic solution

184 90 %

184 130 %

0,0 120 %

0,0 130 %

0,0 155 %

Permanent intervention into the area around the Lodénice River is
completely excluded and the longitudinal gradient of the track is abso-
lutely minimised. The mined tunnels are interrupted by a short cut-
and-cover section in the Lodénice River plain. This structure can be
designed to allow the TBM to pass or the TBM drive in the direction
from Prague can be suspended and the counter-excavation from
Beroun, which is to pass through an area where the occurrence of kars-
tic phenomena is probable, can be solved using another technique.

CONCLUSION

We consider the variant 3 as the most suitable. We firmly believe
that the administration of the PLA Bohemian Karst will prefer the
temporary occupation of land in the Lodénice River plain to perma-
nent bridges with access roads leading to the tunnel portals at the
PLA border as assumed in the variant 2.

We recommend that the economic tunnel profile options, i.e. the
“Swiss” profile (net diameter of 8.3m) or the 8.5m diameter that is cur-
rently utilised on several over 20km long tunnelling projects in Spain,
be examined when the decision on the tunnel profile size is being made.

Regarding the decision whether the single tunnel plus escape gal-
lery are to be driven in the phase 1 or the pair of single-track tunne-
Is should be excavated simultaneously, the above-mentioned analy-
ses clearly suggest that the latter option with an as economic profile
as possible would be more suitable. This variant provides a comple-
te double-rail route, which, especially in the case of the variant 3
(maximum gradient of 2.8%u0), features excellent parameters in
terms of the energy demand.

The subsequent construction of the second tunnel tube by means
of the conversion of the escape gallery carried out in the next phase
often faces the problem of maintaining the escape gallery in operati-
on during the course of the excavation of the second tunnel. This
problem is usually solved by a decision to drive another tunnel and
to leave the escape gallery operable. All in all, this means another
increase in the total capital cost.

ING. JIORVI' MARA, e-mail: mara@metroprojekt.cz,
ING. JIRI RUZICKA, e-mail: ruzicka@metroprojekt.cz,
METROPROJEKT PRAHA a. s.
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TUNEL VALIK, DALNICE D5, OBCHVAT PLZNE
THE VALIK TUNNEL - THE D5 HIGHWAY PLZEN BY-PASS

JIRI SVOBODA
ZAKLADNI UDAJE BASIC DATA
Region Plzenisky kraj Region the Plzen Region
Investor Reditelstvi silnic a dalnic CR Employer the Directorate of Roads and Highways of the CR
Projektant PRAGOPROIJEKT, a. s. Designer PRAGOPROJEKT a. s.
Zhotovitel Sdruzeni 0510/ 1B DMB Contractor Joint Venture 0510 / IB DMB group of companies
DALNICNI STAVBY PRAHA, a. s., consisting of DALNICNI STAVBY PRAHA, a. s,
METROSTAV a. s., BERGER BOHEMIA, a. s. METROSTAV a. s., BERGER BOHEMIA a. s.
UZivatel Reditelstvi silnic a ddlnic CR User the Directorate of Roads and Highways of the CR

Obdobi vystavby 2004-2006
Objem stavebnich praci
razené objekty
hloubené objekty

99 000 m? (vyrubany prostor)
15 600 m? (obestavény prostor)

uvob

JiZ mnoho let jsou doprava ve mésté Plzni a Zivotni prostiedi plzen-
ského regionu komplikovény a zatéZovény prijezdem mnoha vozidel,
protoie zatim neni dokoncena dalnice D5 (Praha — Rozvadov). Posled-
nf ¢dst obchvatu mésta Plzné zbyvd dokoncit. Soucdsti tohoto dseku,
v blizkosti obci Radobygice, Sténovice a UtuSice je razeny tunel Valik
prochdazejici kopcem stejného jména.

Délni¢ni obchvat Plzné byl vZdy zdrojem ideologickych stfeti mezi
technickymi odborniky a ekologickymi aktivisty. Kone¢né technické
feSeni obchvatu a tunelu Valik bylo ovlivnéno pozadavky orgdnu stat-
ni spravy, mistnich dfadu a ekologickych aktivista.

Délnice D5 vietné tunelu Valik je soucdsti transevropské silni¢ni
sit€. PoZadavky ¢eskych predpist, zejména predpisu pro technologic-
ké vybaveni tunelu, napt. TP 98/2004 jsou plné respektovéany. Na tunel

se nevztahuji prislu$nd ustanoveni Smérnice EP &. 2004/54/ES, nebot’

se jednd o tunel kratSi neZ 500 m.

Tunel Valik je z hlediska bezpecnostniho vybaveni (s ohledem na
intenzitu dopravy 18 125 vozi/24 hod v jednom sméru) zatiidén do
nejvySsi kategorie TA. Tomuto zatfidéni odpovidd vybaveni tunelu,
a to jak v ¢asti technologické, tak i v Casti stavebni.

INZENYRSKOGEOLOGICKE POMERY V TRASE TUNELU

Vrch Valik je pokryt svahovymi ¢tvrtohornimi sedimenty, mocnosti
O S=-2 O m. Pod vrstvou zhruba 0 2 m mocné hnédé hum(’)zni hh’ny
s ostrohrannymi dlomky silné zvétralych porfyra.

Vlastni razba je vedena ve slabé metamorfovanych proterozoickych
bridlicich. Bridlice jsou zvétralé az silné zvétralé. Silné zvétrani se

Kotvy IBO R25,dl.4 ma 6 m
Rockbolts IBO R25,4 m and 6 m long

SEVERNI TUNEL JIZNI TUNEL
NORTHERN TUBE SOUTHERN TUBE
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STREDNI TUNEL
CENTRAL TUBE
LEGENDA 1 Stredni pilif / Central Pillar
LEGEND 2a, b Bo¢ni Stola (jizni tunel) / Sidewall drift (southern tube)

3a, b Bo¢ni Stola (severni tunel) / Sidewall drift (northern tube)
4a, b Kalota (jizni tunel) / Top heading (southern tube)

5a, b Kalota (severni tunel) / Top heading (northern tube)

4¢ Jadro a dno (jizni tunel) / Bench and invert (southern tube)
5c¢ Jadro a dno (severni tunel) / Bench and invert (northern tube)

Obr. 1 Clenéni vyrubu tunelu Valik
Fig. 1 The excavation sequence at the Valik tunnel

Construction period 2004 — 2006
Works volume mined structures
cut and cover structures

99,000 m?
15,600 m? (wall-in space)

INTRODUCTION

The traffic in Pilsen and the living environment in the Plzen regi-
on have been complicated and burdened by the passage of numbers
of vehicles because of the fact that the D5 highway (from Prague to
Rozvadov) has not been completed yet. The last section of the Plzen
by-pass remains to be completed. Part of this section is the Valik
mined tunnel passing under a hill of the same name near Radoby¢i-
ce, Sténovice and Utusice villages.

The highway by-pass of Plzen has always been a source of ideo-
logical clashes between technical professionals and environmental
groups. The final technical solution of the by-pass and the tunnel
Valik was influenced by requirements of state authorities, local
authorities and environmental groups.

The D5 highway, including the Valik tunnel, is part of the Trans-
European road network. Requirements of Czech regulations, main-
ly regulations dealing with tunnel equipment, e.g. the TP 98/2004,
are fully adhered to. The tunnel is not ruled by relevant stipulations
of the EP Directive No. 2004/54/ES because its length is less than
500m.

In terms of safety equipment, with respect to the traffic intensity
of 18,125 vehicles per 24 hours in one direction, the Valik is cate-
gorised as the highest TA category tunnel. The tunnel equipment
corresponds to this categorisation, both in terms of equipment and
the structure.

GEOLOGICAL CONDITIONS ALONG
THE TUNNEL ALIGNMENT

An approximately 0.2m thick layer of brown humus covers light-
brown to rusty loamy-sandy gravels, locally clayey gravels with
sharply angular fragments of weathered porphyry.

The excavation passes through moderately metamorphosed Prote-
rozoic shales. The shales are weathered to heavily weathered. The
heavy weathering reaches to depths ranging from 3m to 20m along
the entire length of the tunnel. The tectonic disturbance is strong;
the shale is jointed, locally extensively (with four or more fissure
systems developed). Sound shales have not been encountered. Com-
bined with the slight to heavy weathering of the porphyhry, the
extensive jointing (at least in three directions) and the filling of the
joints with limonite and clay form an environment susceptible to the
development of rather large accidental overbreaks.

With regard to the fact that the shallow placement of the tunnel
(the cover depth ranging from 8m to 14m), in the conditions of the
existence of lower quality, slightly weathered to heavily weathered
rock mass locations, is highly disadvantageous from the geotechni-
cal point of view, it was necessary to carry out detailed geological
exploration by means of a mined gallery. The position of the explo-
ration gallery was roughly in the centre of the future central tunnel.

TUNNEL STRUCTURE

The Valik tunnel is a twin-tube highway tunnel. Each tube has two
3.75m wide traffic lanes plus one emergency lane 3.25m wide.
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Obr. 2 Vyztuz betonového stiedniho pilire s pojizdnym bednénim
Fig. 2 The central pillar — reinforcement and the traveller shutter

pohybuje v hloubkdch od 3 m do 20 m v celé délce tunelu. Tektonické
postiZeni je silné, bridlice jsou rozpukané, misty intenzivné (ve Cty-
fech i vice puklinovych systémech). Zdravé bridlice nebyly zjistény.
Silné rozpukdn{, miniméln¢ ve tfech smérech, vypli puklin limonitem
a jilovymi minerdly, spolu s navétranim aZ zvétranim porfyru jsou
velice vhodné prostredi pro tvorbu vétSich nezavinénych nadvyloma.

ProtoZe mélké umisténi tunelu (nadloZi od 8 m do 14 m) je z geo-
technického hlediska velmi nevyhodné, s ohledem na zastiZeni horsich
partii navétralych a zvétralych ¢dsti horninového masivu, byl realizo-
van podrobny geologicky prizkum pomoci raZené pruzkumné $toly.
Ta byla umisténa zhruba uprostred budouciho stfedového tunelu.

KONSTRUKCE TUNELU

Tunel Valik je ddlni¢ni tunel se dvéma tunelovymi troubami. Kazda
trouba m4 dva jizdni pruhy $itky 3,75 m a jeden nouzovy pruh §itky
3,25 m.

Severni tunelovd trouba je dlouhd 390 m, jizni trouba je 380 m dlou-
hé. Prujezdny profil je 4,8 m vysoky, mimorddné je viak moZno
dopravovat tunelem i naklad vysky 5,2 m. Sitka mezi obrubniky je
11,5 m. Chodniky maji $itku 1 m.

Obé tunelové trouby jsou uloZeny tésné vedle sebe bez horninového
mezipilite a maji spole¢ny stredovy Zelezobetonovy pilif. Toto feSen{ bylo
zvoleno s ohledem na pozadavek ekologt minimalizovat trvalé zdbory
pozemku v priportdlovych tisecich ddlnice. Minimalizace zdsahu do kraji-
ny byla zdroven nutnou podminkou pro ziskani stavebniho povoleni.

Toto technické feSeni primdrnich tunelovych konstrukef je mnohem
sloZitéj$i neZ u dvojice samostatnych tunelovych trub s mezilehlym
horninovym pilifem. S ohledem na velikost tunelovych profila
(2 x 150 m2 vyrubové plochy) byl nutny podrobny geologicky pru-
zkum, jehoz vysledky byly zahrnuty do nove upraveného technologic-
kého postupu vystavby.

RovnéZ z téchto diivodu byly jiz v drovni dokumentace pro zadani
stavby zpracovany dva zcela nezdvislé statické vypocty od dvou vyso-
kych 3kol (CVUT v Praze, VSB v Ostravé).

POSTUP VYSTAVBY

Razba tunelu byla provedena Novou rakouskou tunelovaci metodou.
Vychdzelo se pritom ze zdsady, Ze nejprve se vybuduje primdrni osté-
ni celého tunelu véetné stredniho pilife a ndsledné, po provedeni neu-
zavrené mezilehlé izolace (systém ,,destnik™) se realizovalo sekundar-
ni (definitivni) osténi.

Obr. 3 Zdpadni portdl v priubéhu raZeb
Fig. 3 The west portal during the excavation operations

The northern and southern tunnel tube is 390m and 380m long
respectively. The clearance profile is 4.8m high; exceptionally
a 5.2m high load can pass through the tunnel. The width between
kerbs of 1.0m wide walkways is of 11.5m.

The two tunnel tubes are placed side by side, without an interme-
diate rock pillar. They have a common central reinforced concrete
pillar. This design was chosen with regard to a requirement of envi-
ronmental groups to minimise the plan area of permanent works in
the pre-portal sections of the highway. The minimisation of the
impact on the landscape was also a condition necessary for issuan-
ce of the building permit.

This design of primary tunnel structures is much more complex
than that containing a pair of tunnel tubes with an intermediate rock
pillar. Because of the large cross sections of the tubes (2 x 150m?
excavated areas), a detailed geological investigation was a necessi-
ty. The results of the investigation were incorporated into a newly
modified technological procedure of the works.

For the same reasons, two totally independent structural analyses
were developed by two universities (the Czech Technical Universi-
ty in Prague, the Mining University in Ostrava) as early as the
design for tendering preparation phase.

CONSTRUCTION PROCEDURE

The tunnel was driven using the New Austrian Tunnelling Met-
hod. The basic idea was adopted that first the primary lining will be
carried out along the whole length of the tunnel, including the cent-
ral pillar; subsequently, once the unclosed intermediate waterproo-
fing (umbrella) system is finished, the final lining will be erected.

The basic sequencing of the excavation was horizontal; a vertical
sequence was utilised to a lesser extent (for partial faces). The
primary lining consists of shotcrete, lattice arches, mesh and rock
bolts.

The waterproofing membrane system ends in side drains at the
tunnel bottom, separately for each tube.

The final lining is from reinforced concrete cast behind a movab-
le steel shutter.

The most complex structure in terms of both the structural analy-
sis and technology is the central reinforced concrete pillar between
the two tunnel tubes. The pillar carries forces exerted by the whole
of the rock mass above because of the fact that the natural rock arch
could not develop due to the low overburden thickness and width of
the two tunnels. The pillar was constructed in a central tunnel tube,
which was carried out first. The lower-quality rock mass in the areas
above and below the central pillar was reinforced by rock bolts and
micropiles, and subsequently injected with cement grout.

CENTRAL PILLAR TUNNEL EXCAVATION

The central tunnel provided with primary lining was the first par-
tial tunnelling operation. The 250mm thick lining consisted of
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Zékladni ¢lenéni vyrubu bylo vertikdlni, v mensim rozsahu pak
horizontdln{ (dil¢{ vyruby). Primédrni osténi je sloZeno ze stiikaného
betonu, prihradovych oblouku, siti a svornika.

Izolace proti vodé je svedena do bo¢nich odvodnovacich drendzi ve
dné tunelu, pro kazdou troubu samostatné.

Definitivni osténi je Zelezobetonové, monolitické betonované do
posuvné ocelové formy.

Staticky a technologicky nejslozit€jsi konstrukei je Zelezobetonovy
stfedovy pilif mezi obéma tunely. Ten prendsi celé zatiZeni horninové-
ho masivu, nebot’s ohledem na nizké nadloZi a $ifku obou tuneld se
nevytvorila prirozend horninova klenba. Pilif byl vybudovén ve stied-
nim tunelu, ktery byl realizovan jako prvni. Méné kvalitn{ ¢ast horni-
nového prostiedi v oblasti nad i pod stfednim pilifem byla zesilena
svorniky a mikropilotami a ndsledné proinjektovdna cementovou
smesi.

RAZBA STREDNIHO OPEROVEHO TUNELU

Jako prvni dil¢i vyrub byl vyraZen stfedni tunel zajistény primarnim
osténim. Primérni osténi bylo 250 mm silné, sloZené ze stifkaného
betonu C20/25-X0, obloukovych rdmu BTX 112-25, ocelovych siti
a dal3ich prvki (kotvy, jehly). Clenéni vyrubu bylo vertikalni, nejprve se
vybrala kalota a jadro, poté se zpoZdénim nékolika cykll (cca 10) dno.

Vlastnosti horninového masivu (puklinatost) a fyzikdlné-mechanic-
ké vlastnosti hornin ur€ily zarazeni razby do technologické tridy
NRTM S5a.

Razba byla provadéna dovrchné z rozvadovského portdlu. Osténi
prizkumné Stoly (jiz dfive vyrazené) nebylo v kontaktu s osténim
stfedniho tunelu. Pfi vlastni razbé stfedntho tunelu tedy osténi Stoly
fungovalo jako ,,velkd kotva“, kterd vyborné zajiStovala stabilitu Celby
stredniho tunelu. Po vyrazeni prvnich metra bylo na zakladé vysledku
geotechnického monitoringu (GTM) rozhodnuto razit celou kalotu
stfedniho tunelu najednou (v&etné jadra). Vzhledem k beztrhavinové-
mu rozpojovéni horniny ve stfednim tunelu byly nezavinéné nadvylo-
my menSi neZ pii razbé priuzkumné Stoly za pomoci trhacich praci.

Dobte umisténd prizkumnd $tola ve vztahu na pri¢ny profil stiedni-
ho tunelu umozZnila velmi rychlé a bezpe¢né vyraZeni stfedniho tunelu
béhem zhruba 4,5 mésice.

SANACE HORNINOVEHO PROSTREDI,
BETONAZ STREDNIHO PILIRE

ZkuSebnimi injektdZemi tunelového podloZi na rozvadovském
portéle v predstihu (cement, mikrocement a PUR) bylo zji§téno, Ze
prostiedi je témér neinjektovatelné. Proto byla sanace horninového
prostredi realizovédna vzdy jen omezené pomoci mikropilot.

Mikropiloty byly rozmistény Sachovité, fady byly od sebe vzddleny
1 m a kazd4 rada obsahovala 3 nebo 4 kusy mikropilot.

Probehla také sanace horninového nadlozi stfedniho pilite pomoci
kotev IBO R25 délky 6 m. Rozmisténi kotev bylo obdobné jako ve
dné. Rady jsou od sebe vzdialeny 1 m, kazdd md stiidavé 3 nebo
4 kotvy.

Obr. 4 Montdz vyztuZe definitivniho osteni
Fig. 4 The final lining — placement of reinforcement
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C20/25-XO0 sprayed concrete, BTX 112-25 lattice girders, steel
mesh and other elements (anchors, needles). Vertical sequencing
of this excavation was designed, i.e. top heading, bench and, at
a distance of several (about 10) cycles, the invert.

The properties of the rock mass (the jointing) and physical-
mechanical rock properties determined the categorisation of the
excavation as the NATM class 5a.

The excavation was carried out from the Rozvadov portal, in
an uphill gradient. The lining of the exploration gallery (driven
beforehand) was not in contact with the central tunnel lining. The
lining of the gallery therefore acted as a major anchor during the
course of the drive of the central tunnel, which excellently stabi-
lised the face of this tunnel. A decision was made when initial
metres of the excavation had been completed and the GTM
results assessed that the central tunnel face would be excavated
in one pass, i.e. the top heading together with the bench. Owing
to the blast-less rock breaking system the accidental overbreaks
in the central tunnel were smaller than those experienced during
the excavation of the exploration gallery driven by the drill and
blast.

The exploration gallery positioned properly within the central
tunnel’s cross-section made very quick and safe excavation of the
central tunnel possible, during approximately 4.5 months.

IMPROVEMENT OF THE ROCK ENVIRONMENT,
CENTRAL PILLAR CASTING

It was determined in advance by test grouting (cement, micro-fine
cement and PUR) of the tunnel sub-base at the Rozvadov portal that
the environment was nearly noninjectable. This is why the rock envi-
ronment was improved only to a limited extent, step by step, using
micropiles.

The micropiles were carried out on a diamond pattern, with the
rows of 3 or 4 micropiles spaced at 1m intervals.

The rock above the central pillar was also stabilised, using
6m long IBO R25 anchors. The bolting pattern was similar to that
used at the bottom. The rows spaced at 1m intervals contained alter-
nately 3 or 4 bolts.

The central pillar is 7.4m high and 3.58 and 3.00m wide at
the top and bottom respectively. Its width is reduced to 1.23m in
the central part by 6.0m-radius circular curves. The geometry of
the pillar follows the geometry of the primary lining of the future
tunnel tubes. There are recesses along the top of the pillar for
anchoring of the primary liner; the side edges at the bottom of the
pillar are bevelled to allow bracing to the concrete footings. In the
longitudinal direction, the central pillar is divided into 10m long
blocks (5m at the portals). Expansion joints are vertical, without
any shear key. They allow minor angular rotation of the individu-
al blocks against one another. Self-compacting C20/25-XF1 conc-
rete was used for the central pillar.

EXCAVATION OF THE TUNNEL TUBES

Both the northern and southern tunnel tube were excavated from
a temporary Rozvadov portal, in an uphill gradient (approximately
40%w). The structural analysis allowed the distance between the two
main headings to vary from 10m to a maximum of 30m. This is how
the requirement for symmetric excavation relative to the highway
centre line was met (side headings were excavated first in both tun-
nel tubes, followed by the main top headings and benches of both
tubes). Because of the symmetric arrangement, it was not important
which tunnel tube was excavated first.

To provide support at both portals, 18m long &165/6.3mm
pipes were installed above the portal to form a canopy. Two rows
of the pipes were installed above the tunnels, one row above the
central tunnel. The canopy tube pre-support could be installed
whenever adverse geological conditions were encountered, from
a tunnel profile having its height enlarged, using the BOODEX
system.
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Stredovy pilit je vysoky 7.4 m a Siroky 3,58/3,00 m nahore/dole.
Ve stredni Césti je symetricky zdZen kruhovym obloukem o poloméru
6,0 m na 1,23 m. Tvar pilite sleduje budouci tvar priméarniho ostén{
obou tunelovych trub. Hornf{ ¢4st pilife m4 u stran vybréani pro ukotve-
ni primérniho osténi, v dolni 4sti jsou bo¢ni hrany skoseny pro opre-
ni do betonovych patek. Podélné je stiedni pilif rozdélen na bloky
0 délce 10 m (u portdlu 5 m). Délici spdry jsou svislé bez zazubeni.
Umoznuji malé pootoCeni jednotlivych bloku proti sobé. Pilif je pro-
veden ze samozhutnitelného betonu C20/25-XF1.

RAZBA TUNELOVYCH TRUB

Razba severni i jizni tunelové trouby byla vedena dovrchné
(cca 40 /o) z provizorniho rozvadovského portalu. Staticky vypocet
povoloval odstup (vzddlenost) obou hlavnich ¢eleb od 10 m do max.
30 m. Tim se plnil poZadavek na symetrickou razbu k ose ddlnice (to
znamend, Ze jako prvni byly raZzeny bo¢ni tunely obou tunelovych trub
a néasledné hlavni{ kaloty a jadra obou tunelovych trub). S ohledem na
symetrii bylo jedno, kterd tunelova trouba je razena jako prvni.

Oba portdly byly zajistény v predstihu pred razbou injektovanymi
mikropilotami & 114/6,3 mm délky 18 m. Mikropiloty byly osazeny
ve dvou fadéch nad klenbou tunelu a v jedné fadé nad stfednim tune-
lem. V pripadé zastiZen{ $patnych geologickych podminek bylo moZno
realizovat ochranny deStnik z mikropilot v pribéhu razby z navysené-
ho profilu tunelu syst¢émem BOODEX.

Razba bo¢nich tunelt predbihala razbu hlavni kaloty vidy o cca
20-30 m. Bylo zde pouZito horizontélni ¢lenéni vyrubu (nejprve razba
kaloty, poté jadro se dnem).

Stedn{ pilit byl betonovan vZdy miniméln¢ 40 m pred Celbou hlav-
ni kaloty (musel mit zaru¢ené hodnoty pevnosti betonu v tlaku). Sta-
bilita ¢elby (u vsech dil¢ich vyrubu) byla zajistovdna stifkanym beto-
nem.

Razba byla vedena prevazné bez pouziti trhacich praci (mechanic-
kym rozpojovanim), jen vyjimecné s omezenym pouZitim trhavin.
Dil¢i vyruby byly navrZeny tak, aby bylo moZno pouZit vykonné duln{
mechanismy, které mél k dispozici zhotovitel stavby.

Doba razby kazdé z tunelovych trub se pohybovala okolo sedmi
mésica.

GEOTECHNICKY MONITORING (GTM)

Stavba byla provddéna dle principt observaéni metody, pfi niZ se
zékladni ndvrh konstrukce pribézné posuzuje a mize se ménit v pru-
béhu vystavby. Na stavbé byl zaveden a odsouhlasen odpovédnostni
vztah vSech Glastnikl vystavby, ktefi byli vybaveni technickymi pro-
stfedky pro rychlou komunikaci.

Geotechnicky monitoring zajiStovala pro objednatele (RSD CR)
odbornad a nezavisld firma (SG-Geotechnika). Komplexni monitoring
slouzil pro kontrolu a fizeni technologického postupu raZeb a zejména
pro rozhodovani o aplikaci konstruk&nich prvka primdrniho osténi.

Vysledky GTM byly preddavény zhotoviteli dila, ktery je vyuzival
pri vlastni realizaci ve smyslu bénskych predpisu.

V ramci geotechnického monitoringu byly sledovany vybrané para-
metry chovdni vSech dotéenych konstrukei z hlediska dosaZen{ varov-
nych a limitnich hodnot ¢i trendu. Odchylky od poZzadovanych trenda
¢i prekroCeni varovnych nebo limitnich hodnot byly signdlem nedo-
state¢nosti zdkladniho feSeni a vyvoldvaly proces nutnosti doplnéni ¢i
néhrady reSenim zdloZnim, které bylo jiZ v predstihu projekéné pripra-
veno.

ZAVER

Tunel Valik je kratky dalni¢ni tunel, ale vzhledem ke sloZitosti tech-
nického feSenf a k ndro¢nym geologickym podminkdm se jednd o stav-
bu spadajici do 3. geotechnické kategorie dle Eurocodu 07.

Pro informovani vefejnosti bylo na stavbé vybudovano informacni
stredisko véetné stdlé vystavy o projektu a vystavbe tunelu a vizuali-
zaéniho programu. Pravidelné kazdy mesic byly organizovany exkur-
ze pro prichozi vefejnost.

Provoz tunelu Valik budou fidit pracovnici Policie Ceské republiky,
pracovnici provozovatele budou pouze tunelové zafizeni udrZovat, pii-
padné modernizovat a poskytovat servis Policii CR.

ING. JIRI SVOBODA, PRAGOPROJEKT a. s.,
e-mail: svobodaj@pragoprojekt.cz
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Obr. 5 Vzorovy pri¢ny rez - koneény stav
Obr. 5 Typical cross section — the final state

The excavation faces of the side headings were always
20 — 30m ahead of the main top heading faces. A horizontal excava-
tion sequence was used (top heading followed by bench with invert).

The central pillar casting took place always minimally at a distan-
ce of 40m ahead of the main top heading face (concrete compressive
strength values had to be guaranteed). Stability of the face was ensu-
red by shotcrete.

The rock was mostly broken mechanically, without blasting;
explosives were used only exceptionally. The partial drifts were
designed so that efficient mining equipment owned by the contractor
could be utilised.

The excavation of each tunnel tube took about seven months.

GEOTECHNICAL MONITORING (GTM)

The tunnels were built using the observational method, i.e. asses-
sing the basic structural design continually and modifying it during
the course of the works whenever necessary. Accountability relati-
onships between all parties to the project present on the site were
established. All of them were provided with fast technical means of
communication.

Geotechnical monitoring services were supplied to the employer
(the Directorate of Roads and Highways of the CR) by a professio-
nal and independent company (SG-Geotechnika). The comprehensi-
ve monitoring results were used for the review and control of the
technological procedure for the excavation, above all for making
decisions on application of structural elements of the primary lining.

The GTM results were submitted to the contractor, who utilised
them during the execution of the works, in compliance with mining
regulations.

The geotechnical monitoring followed selected parameters of all
relevant structures in terms of the parameters reaching the warning
and limiting values or trends. Deviations from required trends or
exceeded warning or limiting levels were a signal of insufficiency of
the basic design. They triggered a process of supplements or repla-
cement by a contingency solution, which had been designed in
advance.

CONCLUSION

The Valik tunnel is a short highway tunnel. Although, considering
the complexity of the design and the demanding geological conditi-
ons, it is a 3rd geotechnical category structure according to the Euro-
code 07.

For the purpose of keeping the public informed, there was an
information centre established on site, including a permanent exhibi-
tion displaying the tunnel design and construction and a visualisati-
on program. Regular excursions for visitors were organised every
month.

The operation of the Valik tunnel will be controlled by the Police
of the Czech Republic; employees of the tunnel operator will only
maintain or upgrade tunnel equipment, and provide services to the
Police of the CR. .

ING. JIRI SVOBODA, PRAGOPROJEKT a. s.,
e-mail: svobodaj@pragoprojekt.cz
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TUNEL KLIMKOVICE, DALNICE D47
THE KLIMKOVICE TUNNEL, D47 HIGHWAY

JIRI PECHMAN
ZAKLADNI UDAJE BASIC DATA
Region Moravskoslezsky kraj 5 Region the Moravian-Silesian Region
Investor Reditelstvi silnic a ddlnic CR Employer the Directorate of Roads and Motorways of the CR
Projektant AMBERG Engineering Brno, a. s. Designer AMBERG Engineering Brno a. s.
Zhotovitel Sdruzeni 4707 SKANSKA, a.s., METROSTAV a.s., Contractor Group of Companies 4707 consisting of
STRABAG, a. s., SUBTERRA, a. s. SKANSKA a.s., METROSTAV a.s.,
Uzivatel Reditelstvi silnic a dalnic CR STRABAG a. s., SUBTERRA a. s.

Obdobi vystavby 2004-2008

Objem stavebnich praci
raZené objekty 217 202 m? (vyrubany prostor)
hloubené objekty 161 077 m* (obestavény prostor)

uvob

Piispévek Ceské republiky pro rozvoj vnitrostitni i evropské
infrastruktury je realizace ddlnice D47 v useku Lipnik nad Becvou
— statn{ hranice CR a Polska o celkové délce 80,156 km. Délnice je
poeticky nazvdna Via Moravica. Vnitrostdtni vyznam spociva v pro-
pojeni ostravsko-karvinské aglomerace s Brnem a siti ddlni¢nich
a rychlostnich komunikaci Ceské republiky. V Polsku na dalnici
D47 bude navazovat pldnovand ddlnice Al Katowice — Gdansk.
V budoucnu se stane soucdsti transevropské magistraly (TEM) pro-
pojujici skandindvské zemé s jizni Evropou a s vychodnim Stfedo-
mofim. Délnice je navrZena jako vysoce kapacitni pro roéni pru-
mérnou denn{ intenzitu az 40 tisic vozidel. V prevazné délce je tvo-
fena smérové rozdélenou Ctyfpruhovou komunikaci kategorie
D28,0/120. Vedeni trasy ddlnice je vysledkem fady studijnich praci.
Trasa zohlednuje pozadavky ekologie a ochrany pfirody v dzemi.
Priblizné 5 km pred Ostravou se trasa délnice pribliZzuje k ldzenské-
mu zafizeni ,,Sanatoria Klimkovice“. Zde v t€sném sousedstvi mezi
obcemi Klimkovice a Hylov prorazi protdhlé pri¢né ndvrsi, po kte-
rém je vedena jedind pristupovd komunikace k sanatoriim. Zde je
komunikace dédlnice vedena v tunelech.

TECHNICKE RESENI

Konfigurace terénu a vedeni trasy preduréuji tunely jako nizko-
nadlozni. Maximalni mocnost nadloZ{ nad tunely je priblizn¢ 31 m.
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Prujezdny profil 9,5 4,8 m
Clearance profile 9,5 4,8 m

BRNO BRNO

Vyska vyrubu 10,340 m
Excavation height 10,340 m

i Plocha vyrubu 14,38 m?
Excavation proFlle area 14,38 m?
Sifka v§rubu 13,572 m
Excavation width 13,572 m

Obr. 1 Vzorovy pricny fez raZenym tunelem
Fig. 1 Typical cross section through the mined tunnel

User the Directorate of Roads and Motorways of the CR

Construction period 2004 — 2008

Works volumes  mined structures 217,202 m3 (excavated space)
cut-and-cover structures 161,077 m3 (wall-in space)

INTRODUCTION

The Czech Republic’s contribution to the development of both the
inland transport and European infrastructure is the construction of the
80.156km long section of the D47 highway from Lipnik nad Bec¢vou
to the state border between the CR and Poland. The highway is poeti-
cally called the Via Moravica. Internally, this highway section is
important because it will link the Ostrava-Karvind agglomeration with
Brno and the network of highways and expressways in the Czech
Republic. The planned A1 highway Katowice-Gdansk will link to the
D47 highway in Poland. In the future it will become part of the Trans-
European Artery (TEA) connecting the Scandinavian countries with
southern Europe and the eastern Mediterranean. The highway is desig-
ned as a high-capacity facility, for an annual average intensity up to
40 thousand vehicles per day. The best part of its length will be
a 4-lane dual carriageway, category D28.0/120. The highway align-
ment is the result of numerous studies. The route allows for environ-
mental and nature protection requirements existing in the given regi-
on. Approximately Skm before Ostrava, the highway route runs near
a health-resort facility “Sanatoria Klimkovice”. In this location, it pas-
ses through an oblong transversal hill with the only access road to the
Sanatoria running on its surface. The highway route is placed in
tunnels there.

TECHNICAL SOLUTION

The terrain configuration and the tunnel alignment predetermine the
tunnels to have a low cover. The maximum thickness of the tunnel
cover is approximately of 31m. At the pre-portal sections, the highway
passes to bridges spanning over adjacent valleys and watercourses.

There are two separate tunnel tubes, approximately parallel, built for
the highway. The tunnel tube A for the traffic flow direction toward
Ostrava is 1,076.82m long. The tunnel tube B, in the direction toward
Brno, is 1,088.09m long. The spatial parameters of both tubes are iden-
tical, i.e. the parameters of a C-category uni-directional double-lane
tunnel. Structural design of the tubes is also identical. The roadway in
the tunnel has a one-way transversal incline; the width between kerbs
is of 9.50m. The clearance height above the roadway is of 4.80m.
Walkways on either side of the tunnel tubes are minimally 1.10m wide.
The horizontal clearance of the tunnel is of 12.204m. The average
excavated cross-section (including overbreaks necessary due to the
technology) amounts to 120,17m?. Emergency laybys 40m long are
provided in the middle of each tube length, on the right side (viewed
in the direction of traffic). The tunnel cross-section is widened by
2.25m in those locations, giving the roadway width between kerbs of
11.75m. The clearance width of this profile is of 14.454m; the excava-
ted cross-section area (including overbreaks necessary due to the tech-
nology) amounts to 156.48m?. Smaller part of the tunnels is built using
the cut-and-cover method; longer sections are driven through the rock
massif. The cut and cover sections of the tunnel A are 165.83m and
46.17m long on the Brno and Ostrava side, respectively. The mined
section is 864.82m long. The sections of the tunnel B built using the
cut and cover method are 166.40m and 46.40m long on the Brno and
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Obr. 2 Portdlovd cdst tunelu Klimkovice

Fig. 2 The portal portion of the Klimkovice tunnel

V predportéli tunelt na obou stranich prechdzi ddlnice na mosty
pres prilehla ddoli s vodotecemi.

Pro délnici jsou vybudovdny dva samostatné, priblizné soubézné
tunelové tubusy. Tunel A, v dopravnim sméru do Ostravy, md délku
1 076,82 m. Tunel B, v dopravnim sméru k Brnu, md délku
1 088,09 m. Oba tunely maji stejné prostorové parametry jedno-
smérného dvoupruhového tunelu kategorie T9,5 a stejné konstruké-
ni uspordddni. Dopravni pds v tunelu m4 jednostranny pfi¢ny sklon
a $itku mezi obrubniky 9,50 m. Vyska prijezdného prufezu nad
vozovkou je 4,80 m. Oboustranné chodniky maji §itku minimal-
né 1,10 m. Tunel md svétlou §itku 12,204 m a jeho pramérnd vyru-
bovd plocha (vetné zapoditani technologicky nutného nadvylomu)
je 120,17 m?2. V polovindch tunelovych délek je ve sméru jizdy situ-
ovan pravostranny nouzovy zaliv o délce 40,00 m. Tunelovy profil
je zde rozsifen o 2,25 m na $itku vozovky mezi obrubniky 11,75 m.
Svétld $itka tohoto profilu je 14,454 m a vyrubové plocha (véetné
technologicky nutného nadvylomu) je 156,48 m?. Tunely jsou
z men§i ¢dsti stavény jako hloubené v otevienych stavebnich jamach
s naslednym presypanim, v del§ich ¢dstech jako razené ve skalnim
masivu. Tunel A je hloubeny v délce 165,83 m na brnénské strané
a 46,17 m na ostravské strané; raZzeny dsek ma délku 864,82 m.
Tunel B je hloubeny v délce 166,40 m na brnénské strané
a 46,40 m na ostravské strané; razeny dsek ma délku 875,28 m.
V razenych dsecich jsou konstrukce osténi tuneli dvoupldstové,
s uzavienou mezilehlou hydroizolaci. Primérn{ ostén{ je realizovdno
ze stiikaného betonu jakosti C20/25, vyztuZeného sit€émi a svarova-
nymi pfihradovymi oblouky z betondrské oceli. M4 konstrukéni
tloustku minimdlné 240 cm. Pro zvyseni stability vyrubu v daném
geologickém prostiedi je primdrni osténi doplnéno horninovymi
svorniky. Sekunddrni osténi je Zelezobetonové, z betonu C30/37,
o minimdlni tloustce 350 mm (v zdklenku), s masivni protiklenbou
o maximalni tloustce 1204 mm. Sekundarni osténi je déleno dle
betondZe na dil¢i tunelové pdsy o dilatacni délce 12,00 m. Mezile-
hl4d hydroizolace je tlakova z plastové folie bez rubovych drendZi.
V hloubenych tdsecich jsou Zelezobetonové konstrukce tunelovych
kleneb rovnéz rozdéleny na tunelové pasy o dilataénich délkach
12,0 m. Klenby jsou v patdch uloZeny na podélné zdkladové pdsy
s kloubovym spojenim v misté dilata¢nich spdr kleneb. Hydroizola-
ce hloubenych konstrukef je deStnikova z plastové svarfované folie,
s ochrannou vrstvou a s rubovymi patnimu drendzemi.

TECHNOLOGICKE VYBAVENI

Technologické vybaveni, fizeni dopravy a bezpecnost provozu
v tunelech je realizovano dle nejmodernéjsich evropskych standar-
du. Vétrani je podélné, uméle zajidt€no reverznimi proudovymi ven-
tildtory. Pro pfipad havérie a poZaru je kazd4 tunelové roura opatie-
na Sesti nikami se skifinémi SOS a poZzarnimi hydranty. Oba tunely
jsou opatfeny dnikovymi cestami vzdjemnym propojenim péti tune-
lovymi spojkami. Pro pfipad poZdru byla odolnost betonu ostén{
zvySena prisadou rozptylenych polypropylenovych vldken, navic
zvySeni odolnosti proti chloridim bylo u nejvice exponovanych
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Ostrava side, respectively; the mined section is 864.82m long. A two-
pass lining with closed intermediate waterproofing design is used in
the mined sections. The primary lining is from C20/25 sprayed conc-
rete reinforced with mesh and lattice girders welded from rebars. The
minimum thickness of the primary lining is of 240mm. Rock bolts are
added to the primary lining to enhance stability of the excavation in the
given geological environment. The secondary lining is from C30/37
reinforced concrete. It is minimally 350mm thick (in the crown of the
arch), with a massive invert with a maximum thickness of 1204mm.
The secondary lining is divided according to the casting procedures
into 12m long expansion blocks. The vaults are supported with longi-
tudinal foundation strips, with articulated joints at the expansion joints
of the vaults. The waterproofing system of the cut and cover structures
is of the umbrella type, consisting of plastics welded membrane with
a protective layer, and outer toe drains.

TECHNOLOGICAL EQUIPMENT

Technological equipment and systems of traffic control and operati-
onal safety in the tunnels are designed in compliance with state-of-the-
art European standards. The transversal ventilation system is artificial-
ly provided by reversible jet fans. As a fire protection measure, fire
resistance of the concrete lining was increased by adding polypropyle-
ne fibres to the mix. In addition, chloride resistance was enhanced in
the most exposed sections by means of concrete aeration. Part of the
tunnels are relatively small service structures on the surface, i.e. an
automatic sub-switchboard of the control system, and HV and LV
distribution substation with a transformer station. The spaces in front
of both portals allow the traffic to be switched to bi-directional opera-
tion in each tunnel tube in the case of planned repairs and maintenan-
ce or an accident in the tunnel.

GEOLOGY

The open cuts for the cut-and-cover sections, and above all the exca-
vation of both tunnels, were carried out in a variable geological envi-
ronment of rock and semi-rock flysch-type series of measures with
various degree of weathering, i.e. sedimentary rock where the most
frequent petrographic type are pelitic sediments — claystone and silt-
stone, mostly thinly laminated. In some layers they are massive, local-
ly even with spherical separation. Frequent are also series of measures
consisting of sandstones and greywacke. Proportions of individual
rock types are locally variable. Fissure water was encountered locally
in mined tunnel sections. Its circulation is connected with water supp-
ly from superficial deposits.

CONSTRUCTION PROCEDURE

The tunnels were driven using an observational method based on the
principle of the New Austrian Tunnelling Method. A horizontal division
of the face was used. The tunnel excavation technology was accommo-
dated to the properties of the geological environment. The cross-section

Obr. 3 Celba kaloty tunelu Klimkovice
Fig. 3 The Klimkovice tunnel — the top heading face
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Obr. 4 Prordzka klimkovického tunelu
Fig. 4 Klimkovice tunnel breaktrough

tseku feSeno provzdu$nénim betont. Souédsti tunelu jsou relativné
velmi malé servisni povrchové objekty — automatickd podistredna
fidiciho systému a rozvodna VN a NN s trafostanici. Rozvodna je
propojena podzemnim kolektorem a svislou kolektorovou Sachtou
s vnitfnimi prostorami tunelu. Prostory pred obéma portdly umoz-
nuji nouzove prevést dopravu na obousmeérny provoz v kazdé tune-
lové roufe v piipadé pldnovanych oprav a ddrzby nebo havdrie
v tunelu.

GEOLOGIE

Stavebni jdmy hloubenych dseku a predevsim razby obou tunelt
byly realizovany v proménlivém geologickém prostredi ve skalnich
az poloskalnich hornindch flySovych souvrstvi, s riznym stupném
navétrani. Jsou to sedimentdrni horniny, kde nej¢astéj$im petrogra-
fickym typem jsou pelitické sedimenty — jilovce a prachovce, pre-
vazné tence destiCkovité vrstevnaté. V nékterych polohdch jsou
masivni, misty i se sférickou odlu¢nosti. Casté jsou rovné? souvrst-
vi budovand piskovci a drobami. Zastoupenf jednotlivych typt hor-
nin je lokdlné variabilni. V raZenych tunelovych tsecich se misty
vyskytovala puklinovd podzemni voda. Jeji cirkulace je vdzana na
dotaci z pokryvnych vrstev.

POSTUP VYSTAVBY

Razba tuneld probihala s uplatnénim observa¢ni metody na prin-
cipu Nové rakouské tunelovaci metody. Pro tunelovy vyrub bylo
pouZito horizontdlni ¢lenéni. Technologie razby tunelt byla pfizpu-
sobena vlastnostem horninového prostfedi. V predstihu razend kalo-
ta méla plochu pfiblizné 65 m?. Za ni s potiebnym technologickym
odstupem ndsledovala dobirka dolni ldvky — jddra. Po prordZce
tunelu bylo provedeno zacistén{ a zaji§tén{ tunelové po&vy. Primar-
ni osténi bylo realizovdno technologii mokrého stfikaného betonu.
Pavodni prognéza inZenyrskogeologického prizkumu o vyskytu
poruchovych pdsem s velmi nepfiznivymi geotechnickymi paramet-
ry se nenaplnila. Stabilita horniny byla pfizniva. Rozpojovéni hor-
niny bylo provddéno trhavinami. Doé&isténi vyrubu se realizovalo
mechanicky tunelbagry. Vliv seismiky od trhacich praci podléhal
prisné kontrole obyvatel budov v blizkém okoli tunelu. Omezen{
ucinku seismiky ovlivnilo denni postupy razby kaloty, které v pru-
méru &inily asi 3,50 m. Pramérné konvergence vyrubovych profilt
byly 5 az 15 mm, maximdlné 25 mm. Nejvetsi poklesy na povrchu
byly 5 az 32 mm. V mistech nejvétsiho nadloZi se poklesovd kotli-
na v podstaté nevytvorila. Jedingm negativnim G¢inkem razby tune-
1u je vyrazné sniZzeni hladiny podzemni vody v okoli tunelu. Uplat-
néné technické opatfeni s tlakovou uzavienou hydroizolaci v raze-
nych tunelovych tsecich ma za cil vratit hladinu podzemni vody do
puvodniho stavu.

ING. JIRI PECHMAN, AMBERG ENGINEERING BRNO, a. s.,

e-mail: jpechman@amberg.cz
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Obr. 6 Stredni Cdst vychodni tunelové trouby
Fig. 6 Central part of eastern tunnel tube

of the top heading, which was driven in advance, was approximately
65m”. The bench excavation followed at a technologically necessary
distance. Once the tunnels broke through, the invert excavation and
support were completed. The primary lining was executed using spray-
ed concrete technology. The occurrence of weakness zones with very
unfavourable geotechnical parameters originally predicted by the engi-
neering geological investigation did not materialise. The rock mass
stability was favourable. It allowed blasting. Mechanical tunnel exca-
vators were used for trimming the perimeter of the tunnel profile. The
impact of blasting vibration on buildings in close vicinity was under
stringent control by the residents. The restriction on the blasting vibra-
tion affected the top heading advance rates, which amounted to
3.50m per day on average. Average convergences of the excavated
profiles varied from 5 to 15mm, maximally 25mm. The largest surfa-
ce settlement values amounted to 5 to 32mm. The settlement trough
virtually did not develop in the deepest cover locations. The only nega-
tive effect of the tunnel excavation is a significant lowering of the
groundwater table along the tunnel. The purpose of a technical measu-
re consisting of a closed pressure-resisting waterproofing system is to

restore the water table level to the original condition.
ING. JIRI PECHMAN, AMBERG ENGINEERING BRNO, a. s.,
e-mail: jpechman@amberg.cz



15. rocnik - €. 1/2006

TuHel

TUNELY LOCHKOV A KOMORANY - SILNICNI TUNELY NA
OKRUHU KOLEM PRAHY, STAVBY 513, 514

THE LOCHKOV AND KOMORANY TUNNELS ON THE PRAGUE
CITY RING ROAD (CONSTRUCTION LOTS #513, #514)

OTAKAR HASIK, KAREL ZAVORA, MAROS DAVID

ZAKLADNI UDAJE

Region StfedoCesky kraj, hlavni mésto Praha

Investor Reditelstvi silnic a ddlnic CR

Projektant METROPROJEKT, a. s., PRAGOPROIJEKT, a. s.,
PUDIS, a. s., VALBEK,s. r. 0.

Uzivatel Reditelstvi silnic a dalnic CR

Obdobi vystavby 2006-2010

Objem stavebnich praci:
raZené objekty 351 778/432 000 m? (vyrubany prostor 514/513)
hloubené objekty 109 021/82 000 m? (obestavény prostor 514/513)

uvob

Vyvoj automobilizace v Ceské republice po roce 1989 a stdle pis-
néj8i pozadavky na Zivotni prostredi vedly k potiebé prehodnoceni pii-
stupu k automobilové dopravé. V hlavnim mésté Praze byla proto v 90.
letech navrzena a posléze schvélena koncepce sité¢ hlavnich komuni-
kaci. Pro mésto s rozlohou 496 km?, kde Zije 1,17 mil. obyvatel, byl
navrzen systém radidlné-okruzni, ktery tvori dva okruhy (méstsky
a prazsky) a 7 radidl.

Prazsky (vnéjsi) silni¢n{ okruh je veden pobliZ hranice mésta a pre-
vadi tranzitn{ regiondlni a mezistdtn{ dopravu mimo zastaveéné tGzemi.
Jeho celkovd délka dosahuje 83 km. Okruh md v souc¢asné dobé v pro-
vozu tseky v zdpadni a vychodni ¢4sti Prahy celkové délky cca 17 km.

NavrZend trasa jizni ¢asti silni¢niho okruhu kolem Prahy prechézi
udoli Vltavy a Berounky, do kterého klesd z pomérné strmé se zvedajici
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Obr. 1 Vzorovy pri¢ny Fez tiipruhovym tunelem stavby 514 s plochym
dnem

Fig. 1 Construction lot 514 — typical cross section through the three-lane
tunnel with flat invert

BASIC DATA

Region the Central Bohemian Region, the City of Prague

Employer the Directorate of Roads and Motorways of the CR

Designer METROPROIJEKT a. s., PRAGOPROJEKT a.s.,
PUDIS a.s.

User the Directorate of Roads and Motorways of the CR

Construction period 2006 — 2010

Works volumes
mined structures 351,778/432,000m? (excavated space 514/513)
cut-and-cover structures 109,021/82,000m? (wall-in space 514/513)

INTRODUCTION

The development of car ownership after 1989 and the more and
more stringent requirements for the living environment resulted in
a need for re-evaluation of the attitude toward motor-vehicle traffic.
Regarding the City of Prague, a conception of a network of major
roads was proposed and subsequently approved in the 1990s. A radi-
al-orbital system consisting of two orbital roads (the Prague City
Ring Road and the City Circle Road) and 7 radial roads was
designed.

The (outer) Prague City Ring Road runs near the city limits. The
regional and interstate traffic is diverted along this road outside the
urban development area. The total length of the ring road amounts
to 83km. The currently operating sections of the ring road with an
aggregated length of approximately 17km are found in western and
eastern parts of Prague.

The designed alignment of the southern part of the Prague
City Ring Road passes across the Vltava River and Berounka
River valley. It descends to this valley from relatively steeply
rising downs along its banks. For this reason, and also because
it runs across conservation areas, the alignment sections pass
through Komorany and Lochkov tunnels. Section from Lahovi-
ce to Vestec forming the construction lot #513 and the section
from Lahovice to Slivenec forming the construction lot #514.
will pass also through tunnels, i.e. the Komorany and Lochkov
tunnel respectively. Both sections are twin-tube structures,
double-lane in sections and three-lane in ascending sections,
where another lane is added for heavy goods vehicles with res-
pect to the approximately 4% gradient. For safety and technical
reasons, the tunnel tubes are interconnected by cross passages at
intervals of about 200m. Total lengths of the tunnels of the con-
struction lot #513 and #514 amount to 1,930m and 1,620m res-
pectively. To achieve an optimal distance between the tunnel
tubes, the right tubes are shifted from the centre line of the route
using radii slightly differing from the radii of the route.

GEOLOGY

The relatively thick Quaternary cover in the vicinity of the
Radotin portal of the construction lot #514 consists of slope loams
containing rock debris. The further tunnels will be driven through
Ordovician and Silurian rock consisting of thinly laminated clay-
ey shales. The downhill drive passes through Palaeozoic Silurian
rock types with alternation of calcareous shales and clayey tuffite
shales.

At the Komorany portal, the cut and cover section of the con-
struction lot #513 will pass through the Quaternary cover consisting
of sand with addition of fine-grained soil. The whole length of the
mined tunnel will be found in rock, i.e. in the Ordovician measures
of homogeneous Letnd Shales in the lower part, and Proterozoic




Obr. 2 Portdl tunelu Lochkov
Fig. 2 Portal of the Lochkov Tunnel

pahorkatiny podél bieha. Z téchto davoda, a také protoZe vede chrané-
nymi tizemimi, bude trasa v dsecich stavby 513 Lahovice — Vestec (tunel
Komorany) a stavby 514 Lahovice — Slivenec vedena v tunelech (tunel
Lochkov). V obou usecich jsou jednosmérné tunelové trouby, které jsou
v klesdni dvoupruhové a ve stoupdni s ohledem na sklon cca 4 % rozsi-
fené o stoupaci pruh pro téZkou ndkladni dopravu, tedy tfipruhové. Tune-
lové trouby jsou z bezpe€nostnich a technologickych duvoda propojeny
propojkami ve vzddlenostech po zhruba 200 m. Celkem maji tunely na
stavbeé 513 délku cca 1930 m a na stavbé 514 cca 1620 m. Aby se v raZe-
nych tsecich dosdhl optimalni odstup tunelovych trub mezi sebou, jsou
pravé tunelové trouby odsunuty od osy trasy mirn¢ odliSnymi polomery
od poloméru trasy.

GEOLOGICKE POMERY

Kvartérni pokryvné ttvary tvori v okoli radotinského portélu stavby
514 pomérné mocné svahové hliny s tlomky hornin. Tunely budou
razeny v ordovickych a silurskych hornindch krdlodvorského souvrst-
vi tvofeného jilovitymi bfidlicemi tence laminovanymi. Upadni razba
prochdzi v paleozoickych hornindch siluru se stfiddnim vdpnitych
bridlic a jilovitych tufitickych bridlic.

Hloubend ¢dst stavby 513 bude u komoranského portélu prochdzet
kvartérnimi pokryvy, pisek s prfimesi jemnozrnné zeminy. RaZeny
tunel pak bude v celé své délce ve skalnich hornindch, ve spodni ¢4sti
v ordovickych vrstvach homogennich letenskych bridlic, v horni ¢ésti
v polohdch proterozoickych drob a bridlic s prokfemenélymi pis¢itymi
a prachovitymi vrstvami.

V prevazné délce budou vSechny razby probihat v podminkach
dobrych nebo zhorsenych; nepfiznivé az velmi nepiiznivé podminky
se oCekdvaji pouze u portdli, neZ se klenba zahloubi do jen mirné
navétralych skalnich poloh.

Hydrogeologické pomery jsou z hlediska razeb pomérné priznivé,
i kdyZz témér celd trasa razenych tunell prochazi pod hladinou pod-
zemni vody, razené Stoly tuto hladinu sniZily az k drovni kaloty. Vydat-
nost piitoku na Cele vyrubu bude v priméru do 5 1/s, maximalné 15 1/s.

PRUREZ TUNELOVYCH TRUB A PROPOJEK

Svétlé prufezy tunelovych trub jsou klenuté a v celé délce jednotné
bez ohledu na zpiisob vystavby. Sitky vozovky byly zdvazné stanove-
ny na jedndnich a respektuji jak poZadavky nového ndvrhu normy
CSN 737507, tak intenzitu dopravy.

Pravy jizdni pruh je Siroky 3,75 m, levé jsou §ife 3,50 m. Tfipruho-
vy tunel méd celkovou $itku vozovky 11,75 m, dvoupruhovy 9 m.
Chodniky jsou 1 m §iroké po obou strandch. Vyska prijezdného pru-
fezu je 4,80 m, uprostfed pod klenbou by mohla mimoradné projet
i vozidla vyssi.

RAZENE TUNELY

Razené objekty tvoii podstatnou &ést staveb 513 i 514 silni¢niho
okruhu. Na hlavni tunely z obou stran navazuji hloubené useky a tune-

lové propojky. V kaloté tifpruhového tunelu je vyraZena prizkumna
Stola v celé délce.
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greywacke and schist with quartziferous sandy and silty layers in
the upper part.

All excavation operations will take place in good or worsened
conditions; unfavourable to very unfavourable conditions are antici-
pated to be encountered at the portals, before the excavation faces
advance deeper into the only slightly weathered rock.

Hydrogeological conditions are relatively favourable in terms of
the excavation, even though the whole route of the mined tunnels
runs under the water table level. The mined galleries lowered this
water table down to the top heading level. Intensity of the inflows at
the excavation face will amount to 5 I/sec on average, maximally
15 1/sec.

CROSS-SECTIONS OF THE TUNNEL TUBES
AND CROSS PASSAGES

Cross sections of the tunnel tubes are vaulted, uniform along the
whole length, no matter which construction method is used. Binding
values were set for the roadway widths. They comply both with the
requirements of the new CSN 73 7507 norm draft and the traffic
intensity demands.

The right traffic lane is 3.75m wide, the widths of the left lanes
are of 3.50m. The width of the roadway of the three-lane tunnel and
two-lane tunnel is of 11.75m and 9.00m respectively. The walkways
designed on either side of the tunnel are 1.00m wide. The vertical
clearance height amounts to 4.80m; even higher vehicles could pass
through exceptionally, just under the crown of the vault.

MINED TUNNELS

Mined structures form significant part of the construction lots
#513 and #514 of the ring road. Linking to the main tunnels there
are the cut and cover sections on both sides and cross passages. An
exploratory gallery excavation has been completed in the top hea-
ding, along the whole length of the tunnel.

All mined tunnel structures are of a similar design. The primary
lining is from C20/25 X0 reinforced sprayed concrete; the C25/30
XF4 cast in situ final lining is vaulted, with intermediate waterpro-
ofing. All tunnels will be excavated using the NATM with a hori-
zontal excavation sequence (top heading, bench).

THE TUNNEL PORTALS AND CUT-AND-COVER TUNNELS

Tunnel portals are usually a difficult point of a tunnel constructi-
on. The portal location itself depends on many factors, primarily the
terrain configuration and the route and level parameters, geology in
the given location, proper incorporation of the construction into the
landscape, etc. All of the above-mentioned circumstances affect also
the portals on the Prague City Ring Road. There are many problems,
particularly at the Lochkov portal of the construction lot #514. Its
position is at a steep slope over Radotin, where the cover consisting
of gravelly soil is over 10m thick. At this particular case it would
have been reasonable to shift the mined portal as deep into the rock
massif as possible, to a location where at least the bottom part of the
tunnel is keyed in the bedrock. Unfortunately, a biological corridor
crosses the tunnel alignment just at the location suitable for the por-
tal construction. The initial section of the tunnel was therefore pla-
ced just to the difficult conditions. Construction trenches for the
tunnel portals will have steep slopes supported with sprayed conc-
rete and anchors (nails); the portal over Radotin requires vertical
sides supported with pile walls. The trenches will be used for the
construction of the cut and cover tunnels and architectural portals.
The cross section of the cut and cover tunnels is identical with
adjacent mined tunnels; their vaults are 600mm thick. The waterp-
roofing of the cut and cover tunnels will be secured by an external
system.

The tunnel portals proper are designed as monolithic reinforced
concrete structures. In the construction lot #514, a ribbed collar is
put on top of the ellipsoid crown of the portal front ends, which both
architecturally shapes the portals and incorporates them into the
landscape. This architectural design has been used for the first time
for tunnels designed in our country, and it will definitely freshen up
the passage along this part of the route.
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Vsechny razené tunelové objekty jsou konstrukéné podobné se stej-
nym typem Kkonstrukci. Primdrni osténi ze stfikaného vyztuZeného
betonu C 20/25 X0, definitivni osténi z monolitického betonu
C25/30 XF4, klenuté s mezilehlou izolaci. RaZba v§ech tunelu bude
postupovat podle zdsad Nové rakouské tunelovaci metody s horizon-
tdlnim ¢lenénim Celby (kalota, jadro).

PORTALY TUNELU A HLOUBENE TUNELY

Obtiznym mistem tunelové stavby byvaji vzdy portdly tunelu. Uz
samotné jejich umistén{ zdlezi na mnoha faktorech, zejména na tvaru
terénu a smérovém a vysSkovém vedeni trasy, na geologickych pomé-
rech v daném misté, na vhodném zacélenéni stavby do krajiny a na dal-
Sich. VSechny tyto okolnosti ovliviiuji i portdly tuneld na okruhu
Prahy. Velmi problematicky je zejména lochkovsky portdl stavby 514.
Je umistén ve strmém svahu nad Radotinem s mocnosti pokryvnych
ttvart — §té€rkovych zemin pres 10 m. V tomto piipadé by bylo vhod-
né posunout raZeny portél co nejdél do hory, kde je jiz alespon spodni
¢ast tunelu ve skalnich hornindch. Ale pravé v mist¢ vhodném pro
umisténi portdlu probihd biokoridor, po¢ate¢ni tsek tunelu byl proto
umistén pravé do obtiznych podminek. Stavebni jamy pro portély
tunelll jsou navrZeny se strmymi svahy, zaji§ténymi stifkanym beto-
nem a kotvami (hrebiky), portdl nad Radotinem vyzaduje svislé steny,
které jsou zaji$tény pilotovymi sténami. V jamdch budou vybudovény
hloubené tunely a pohledové portdly. Osténi hloubenych tuneld ma
stejny svétly prafez jako piislusné tunely raZené; jejich klenby maji
tlouStku 600 mm. Vodotésnost osténi hloubenych tunelu zajisti rubova
izolace.

Vlastni portdly tuneld jsou vechny konstrukéné feSeny jako mono-
litické, Zelezobetonové. Na elipsovitou korunu portdlovych Cel stavby
514 je navic nasazen ,,Zebrovany limec*, ktery architektonicky ztvar-
nuje portaly a zaclenuje je do prilehlého tizemi. Toto architektonické
ztvarnéni je uZzito poprvé na u nds projektovanych tunelech a rozhod-
né prujezd touto Casti trasy oZivi.

ZAJISTENI BEZPECNOSTI
A TECHNOLOGICKE VYBAVENI TUNELU

Mozny tnik z tunelu zajiStuji propojky mezi tunely, které jsou
u obou vstupt do tunelu opatieny poZarnimi dvefmi a samostatné vét-
rany. V dvoupruhovém tunelu je navic nouzovy zdliv pro zastaveni
nebo odstaveni vozidla. Po 150 m jsou v tunelu SOS skiin€ s telefo-
nem, hasicimi pfistroji a dal§im vybavenim. V tunelu je poZérni vodo-
vod s velkymi hydranty, které jsou ureny pouze pro zédsah hasi¢u.
Pochopitelné standardem je jiz osvétleni tunelu s akomodacnim pés-
mem u portdlu, kde snizovani Cetnosti zdroju osvétleni zajisti postup-
né stmivani a zvyka oko fidi¢e pri vjezdu do tunelu. Pro pripad hava-
rie a poZdru je navic instalovano nouzové a pozarni osvétleni.

Rizeni dopravy bude zajiSténo jak proménnym dopravnim znacenim
v tunelu, tak ve volné trase pred tunely a je navazano na DIS (doprav-
ni informa¢ni systém) pfenosem dat do dispetinkd v SSUD Rudni
a HDRU Praha s vyhodnocovanim dopravnich dat z trasy. Déni v tune-
Iu navic bude mozno sledovat pomoci instalovanych kamer.

Tunely jsou vétrany proudovymi ventildtory umisténymi pod klen-
bou tunelu po zhruba 200 m. V zdkladnim reZimu pracuji ve sméru
jizdy vozidel. Uréujici podminkou pro umisténi a vykon ventildtoru je
pripad pozaru. Pfi poZdru bude vétrani spusténo az po cca 6 az 8 min.,
kdy vlivem ochlazovdni koufovych zplodin pod klenbou tunelu by
doslo k zadymeni zény u vozovky a tim k ohroZenf cestujicich. Do té
doby se teply kouf drzi pod klenbou a umozn{ tinik osob. V sousednim
nezadymeném tunelu budou ventildtory spustény ve stejném sméru
jako v tunelu s pozdarem, aby nedochdzelo k nasdvani Skodlivin (dym
a zplodiny z hofeni) pres portdl do druhého Cistého tunelu. Do tohoto
tunelu se osoby dostanou unikovymi propojkami.

Vsechna uvedena zafizeni kladou velké ndroky na napdjeni. Trafo-
stanice a rozvodny jsou umistény v pfizemnich objektech pred portdly
tuneld, vlastni rozvody v tunelu jsou vypinatelné po 400 m. Napdjeni
je zalohovano pro pripad vypadku el.energie.

I pfi odvodnéni vozovky je mySleno na bezpe¢nost, odvodnovaci
7laby podél obrubniki jsou po kazdych 50 m preruseny sifonem-shyb-
kou, pies kterou se nemulZe $ifit poZdr pfi havdrii s hoflavymi tekuti-
nami. ING. OTAKAR HASIK, e-mail: hasik@metroprojekt.cz,

ING. KAREL ZAVORA,
ING. MAROS DAVID, e-mail: david@metroprojekt.cz,
METROPROJEKT PRAHA a. s.

Obr. 3 Pruzkumnd $tola st. 514 v misté rozsireni do kaloty budouciho tunelu
Fig.3 Construction lot 514 — the exploration gallery at the section
enlarged to the top heading dimension

ENSURING SAFETY IN THE TUNNELS;
TECHNOLOGICAL EQUIPMENT

The possibility of escaping from the tunnel is ensured by cross
passages, which are provided with fire-check doors at both entran-
ces and ventilated separately. In addition, there is an emergency lay-
by in the double-lane tunnel allowing vehicles to stop or be laid up.
SOS boxes with a telephone, extinguishers and other equipment are
installed every 150m. A fire main with large hydrants designed for
utilisation by fire brigades is in the tunnel. It is well understandab-
le that it is a standard for this tunnel to have the lighting system with
transition zones at portals, where reduced frequency of lighting
sources ensures gradual darkening and accommodates driver’s sight
at the tunnel entrance. In addition, an emergency and fire lighting
system is installed in case of an accident or fire.

Traffic control will be ensured by variable message signs instal-
led both in the tunnel and along the open-air route before the tunne-
Is. It is connected to the Traffic Information System through data
transmission to management centres in Rudnd and Prague with
assessment of traffic data from the route. In addition, it will be pos-
sible to follow the traffic in the tunnel by means of cameras instal-
led in the tunnel.

The tunnels are ventilated by jet fans mounted under the tunnel
vault approximately every 200m. In the basic regime they work in
the direction of traffic. The basic criterion for determination of the
position and performance of the fans is a fire event. The ventilation
system will be switched on approximately after 6 to 8 minutes. The
smoke keeping under the tunnel crown would be cooled down and
fill the zone low above the roadway, thus jeopardising passengers.
Till then the warm smoke keeps under the roof and allows the esca-
pe of persons. The fans in the neighbouring tunnel will be switched
on in the same direction as in the tunnel with the fire so that noxi-
ous substances (smoke and combustion products) are not sucked
into the clean tunnel via the portal. Passengers will get to the neigh-
bouring tunnel through the escape cross passages.

All above-mentioned services put heavy demands on power supp-
lies. Transformer stations and substations are placed into one-stori-
ed buildings in front of the portals. The electrical lines are provided
with switches at 400m intervals. Power supply backup is ensured in
case of a power failure.

Even the drainage system is designed with the safety taken into
consideration. Drainage ducts along the kerbs are interrupted by
inverted siphons every 50m. The siphon prevents a fire from
spreading in the case of an accident where a flammable load is
involved.

ING. OTAKAR HASIK, e-mail: hasik@metroprojekt.cz,
ING. KAREL ZAVORA,

ING. MAROS DAVID, e-mail: david@metroprojekt.cz,
METROPROJEKT PRAHA a. s.
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TUNEL BLANKA NA MESTSKEM OKRUHU V PRAZE
THE BLANKA TUNNEL ON THE CITY CIRCLE ROAD IN PRAGUE

ALEXANDR BUTOVIC, JOSEF DVORAK, PAVEL SOUREK

ZAKLADNI UDAJE

Region Hlavni mésto Praha

Investor Hlavni mésto Praha

Projektant SATRA spol st. 0.,
METROPROJEKT, a.s.,
PUDIS, a. s.

Uzivatel TSK, a. s.

Obdobi vystavby 2006-2011 (predpoklad)

Objem stavebnich praci
razené objekty
hloubené objekty

944 000 m? (vyrubany prostor)
1 270 000 m? (obestavény prostor)

uvob

V roce 1999 byl schvélen tzemni plan hlavniho mesta Prahy, jehoZ sou-
Casti je také hlavni komunikacni sit'na principu radidlné okruZnim. Systém
tvori dva okruhy, méstsky a prazsky silni¢ni a sedm radidl. Méstsky okruh
chréani historické jadro mésta, jeho celkovad pldnovand délka je 33 km.
V soucasné dobé je provozovéna jihozdpadni ¢dst okruhu se tfemi tunely
v celkové délce 3.5 km (Zlichovsky 165 m, Mrdzovka 1300 m, Strahovsky
2040 m). Ve zbyvajici ¢dsti mestského okruhu je navrZeno celkem 5 tune-
lovych staveb (Blanka, Povltavskd, Balkdn, Jarov, MaleSice). V severni
¢asti okruhu se jednd o souvisly tunelovy udsek Blanka celkové délky
kolem 5.5 km. Z toho jsou dva tseky razené, 2211 m a 552 m. Ostatn{ Csti
tunelu jsou hloubené. Tunel Blanka je méstsky tunel vedeny ve sloZitych
geologickych podminkéch, ktery podchdzi rozsdhld tzemi nadzemn{
zéstavby, feku Vltavu a oblast zvodnélé fi¢ni terasy s nizkym nadlozim.

Dokoncenti tohoto segmentu méstského okruhu je jednou z hlavnich pri-
orit rozvoje hlavniho mésta Prahy v sou¢asné dobé. Po celou dobu projek-
tové pifpravy je kladen zna¢ny duraz na vysokou droven technického fese-
ni. Samozrejmosti je vysoky standard bezpe¢nosti provozu, fizeni dopravy
i provozu technologickych celki, a vysoce sofistikovany systém provozni-
ho vétrani automaticky fizeny v navaznosti na hustotu provozu, klimatické
podminky a koncentraci Skodlivin. Doprava — predpokladané zatiZeni
90 000 vozidel v obou smérech za den — bude prevedena do tunell, mimo
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Obr. 1 Situace tunelu Blanka
Fig. 1 The Blanka tunnel layout plan

BASIC DATA

Region the City of Prague

Employer the City of Prague

Designer SATRA spol.sr. 0.,
METROPROIJEKT a.s.,
PUDIS a. s.

User TSK a. s.

Construction period 2006 — 2011 (anticipated)
Works volume

mined structures

cut and cover structures

944.,000m?
1,270,000m? (wall-in space)

INTRODUCTION

The Master Plan for the City of Prague, whose part is also a major
road network based on a radial-orbital principle, was approved in 1999.
The system consists of two rings/circles (the City Circle Road and the
Prague Ring Road) and 7 radial roads. The City Circle Road protects the
historic core of the city; its planned length amounts to 33km. Currently
operating is a south-western part of the City Circle Road with three tun-
nels with an aggregated length of 3.5km (Zlichov 165m, Mrazovka
1,300m, Strahov 2,040m). The remaining part of the City Circle Road
will contain 5 tunnels (Blanka, Povltavska, Balkan, Jarov, MaleSice).
The Blanka is a continuous 5.5km long tunnelled section found in the
northern part of the circle road. Out of this length, two sections are
mined tunnels (2,211m and 552m). The other sections of the tunnel are
cut and cover. The Blanka tunnel is an urban tunnel led through difficult
geology, passing under vast surface development areas, under the Vlta-
va River, and through saturated river terraces with shallow overburden.

The completion of this segment of the City Circle Road is one of
today’s main priorities of the development of the City of Prague.
A high level of the design quality has been placed stress on during the
whole time of the design preparation. A high standard of operational
safety, traffic a technical services control and a highly sophisticated
operational ventilation system controlled automatically according to
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Obr. 2 Podélny rez stavbou 0079
Fig. 2 Longitudinal cross section through the construction lot 0079

stdvajici a dnes jiZ netinosné zahlcené komunikace, predevsim HoleSovic
a Dejvic. Dojde tim ke znaénému zlepSeni Zivotniho prostedi v oblasti na
hranicich historického jédra Prahy, zapsaného na seznam kulturniho a histo-
rického dédictvi UNESCO. Navic dokonCeni a zprovoznéni této ¢dsti mest-
ského okruhu umozni po dlouhych desitkéch let znovu otevrit otdzku seve-
rojizni magistraly, respektive umoZzni jeji adaptaci do soucasného moderni-
ho pojeti historického centra mésta s vylou¢enim veskeré tranzitni dopravy.

POPIS DILCICH STAVEB

Tunel Blanka navazuje na severni portdl Strahovského tunelu (SAT)
nejdfive dvéma stavbami patiicimi jesté do 2. etapy vystavby SAT.

Stavba 0065 Strahovsky tunel - stavba 2A

Stavba zahrnuje vlastni mimoudroviovou kfiZzovatku Malovanka pred
portély Strahovského tunelu a kratky dsek — zdrodky tunelt pokralovan{
meéstského okruhu pod ulici Pato¢kova. Stavba je feSena tak, Ze umoznu-
je pozdéjsi napojeni Brevnovské radidly i v tunelové variant€ pod ulici
Patockova smérem k Brevnovskému klasteru.

Stavba 0065 Strahovsky tunel - stavba 2B

vvvvv

v hloubenych tunelech pod ulici Pato¢kova za kfizovatku s ulicif Myslbe-
kova. Soucdsti stavby je vlastni technologickd vybavenost. Energetické
napdjeni a fizeni dopravy a technologické vybavenosti je zajistovano
z navazujici stavby Myslbekova — PraSny most.

Vlastni vystavba tunelu Blanka je rozdélena na tfi stavby s moZnosti
postupného uvéadéni do provozu na zdkladé pozadavku zachovat méstské
funkce v tzemi dotéeného vystavbou. To znamend zachovat stdvajici
dopravni kapacity izemi, funkce MHD, obsluhy stdvajici zdstavby, funkce
inZenyrskych siti, to v§e s minimalizac{ vliva stavby na Zivotni prostiedi.

Stavba 9515 Mysibekova — Prasny most (MYPRA)

Stavba navazuje na hloubené tunely 2. etapy vystavby Strahovského
tunelu, jejichZ realizace bude probihat soubézné. Zacind kratkym dsekem
hloubenych tunell obsahujicich objekt technologického centra, které pred
podchodem linif historického opevnéni prazského hradu prechdzeji do raze-
nych tunelt délky 552 m. V zdvére¢ném tseku délky 308 m se obé tunelo-
vé trouby spojuji do hloubené konstrukce se spolecnou stfedni sténou.
V prostoru nad tunely jsou umistény dvoupodlazni podzemni gardze o 486
stanich s napojenim na mistni komunikaéni sit'u kfizovatky Prasny most.
Stdvajici uli¢ni sit’ je realizaci stavby dotCena jen nepatrné. Ttida Milady
Horékové si ponechdva nynéjsi Sitkovou dispozici. Ulice Svatovitskd bude
rozsifena a z tohoto divodu dojde k prestavbé mostu pres Zelezni¢ni trat.

Trasa této ¢asti méstského okruhu je uspordddna jako 2x2 prabézné
jizdni pruhy o $ifce 3,5 m. V ndvaznosti na kiizovatky jsou k prubéznym
jizdnim pdsim pfiddny pfipojovaci a odpojovaci pruhy stejné Siiky, které
jsou vzdjemné propojeny prodlouZenim manévrovaciho tseku do souvis-
1ého pruhu prupletového.

Stavba 0080 Prasny most — Spejchar (PRAS)

Jednd se o hloubené tunely délky 660 m pifmo navazujici na hloubené
tunely stavby &. 9515. Siikové usporadéni je navrZeno opét 2x2 prubézné

traffic intensity, weather conditions and concentration of noxious
substances. The anticipated traffic flow amounting to 90,000 vehicles
per day (in both directions) will be diverted to tunnels from the cur-
rently unacceptably congested streets, above all those in the HoleSovi-
ce and Dejvice districts. Thus the living environment in the area at the
border of the historic core of Prague, which is a designated UNESCO
World Heritage Site, will be significantly improved. In addition, when
this part of the City Circle Road is completed and opened to traffic, it
will be possible, after long decades, to readdress the issue of the north-
south backbone road, or to adapt it to the today’s modern conception
of a historic city centre with all transit traffic excluded.

DESCRIPTION OF CONSTRUCTION LOTS

The Blanka tunnel is connected to the north portal of the Strahov
Automobile Tunnel (SAT) via two construction lots, which belong to
the phase 2 of the SAT construction.

Construction Lot 0065 the Strahov Tunnel — Phase 2A

This construction lot consists of the Malovanka grade-separated
intersection before the portals of the Strahov tunnel tubes, and a short
section with “starter stubs” of tunnels of the City Circle Road conti-
nuing under Patockova Street. The design allows the Bfevnov radial
road in its tunnelling variant to connect under Pato¢kova Street, in the
direction toward Bfevnov Monastery.

Construction Lot 0065 the Strahov Tunnel - Phase 2B

The Phase 2 of the SAT construction also covers a section of the
City Circle Road passing through cut and cover tunnels under Pato¢-
kova Street, beyond the crossing with Myslbekova Street. Part of this
construction lot is the set of technical services. The power supply and
the traffic control and technical services control are provided from the
adjoining construction lot, the MYPRA.

The construction of the Blanka tunnel proper is divided into three
construction lots. Based on a requirement to preserve functions of the

Obr. 3 Prostorovd animace tunelu Blanka v oblasti stanice metra Hrad¢an-
skd a dejvického ndadraZi

Fig. 3 3D animation of the Blanka tunnel in the area of metro station
Hradcanskd and railway station Dejvice




Obr. 4 Fotografie 7 realizace priizkumné toly
Fig. 4 Execution of the exploration gallery

jizdni pruhy $itky 3,5 metru, smérové oddélené stiedni délici sténou.
V mezikfizovatkovych dsecich, kde probihaji pripojovaci a odpojovaci
pruhy stejné §ite, je ve vysledném usporadani $itka 3x3,5 m. Souddsti hlou-
bené konstrukce tunelu jsou vjezdové a vyjezdové rampy kiiZovatky Pras-
ny most. Nejndrocnéjsi ¢asti této stavby je dispozicné komplikovany dsek
mezi soucasnym vestibulem stanice metra trasy A ,,HradCanskd™ a pldno-
vanou podzemni (zahloubenou) stanici Ceskych drah na modernizované
trati Praha — Leti§t¢ Ruzyné — Kladno. Rekonstrukce stavajiciho vestibulu
stanice Hrad¢anskd a dostavba jejitho severntho vestibulu limituji mozZnosti

Sitkového usporadani v tunelech méstského okruhu na 2x3 jizdni pruhy.

Stavba 0079 Spejchar - Pelc - Tyrolka (SPELC)

Tunely stavby 0079 SPELC jsou vedeny od kiizovatky Spejchar,
v pokracovani na stavbu ¢. 0080, v hloubeném tseku délky 647 m, pred fot-
balovy stadion AC Sparta, kde pfechdzeji do raZenych tunela délky 2211 m.
Dile razené tunely podchdzeji zastavbu na Letné, prirodni pamatku Kré-
lovska obora — Stromovku, plavebn{ kandl, Cisafsky ostrov a Vltavu. Na
trojském nabreZi prechédzeji raZené tunely do tunelt hloubenych délky
580 m. Tunelov4 trasa kon¢i u nového Trojského mostu, ktery nahradi sti-
vajici tramvajové mostn{ provizorium. Zbytek trasy az na kfizovatkou Pelc
Tyrolka je veden povrchové v délce 882 m. Celkovd délka tunelové Casti je
3438 m. Soucasti stavby jsou podzemni gardZe na Letné s kapacitou 873
stdni, Ctyfi podzemni technologickd centra a Trojsky most. Trojsky most
propojuje ulici Povltavskou na trojské strané s ulici Partyzdnskd v Holeso-
vicich, je navrzen s piicnym uspordadanim 2x2 jizdni pruhy se strednim
tramvajovym télesem a chodniky pro pesi a cyklistickou dopravu.

Hloubené tunely na Letné jsou navrZeny jako 2x3 jizdni pruhy $itky
3,5 m, jejich soucdsti je i rampové propojeni s povrchem v budouci
mimotroviiové kiizovatce U Vorlika. Razené tunely za¢inaji na Letné
jako tifpruhové — dva prubézné jizdni pruhy a jeden pripojovaci/odpojo-
vaci — a po 378 metrech (v jiznim tunelu), respektive 497 metrech
(v severnim tunelu) prechazeji do dvoupruhového profilu. Oba tunely
jsou vedeny soubézné, tloustka horninového pilife mezi obéma tunely je
prumémé 18 metru. NadloZf se pohybuje od 10,5 m u Slechtovy restau-
race do 39 m v ulici Nad kralovskou oborou. Razba se predpoklada podle
zasad Nové rakouské tunelovaci metody s prevazné horizontalnim Clené-
nim vyrubu. Hloubené tunely v Tréji jsou v prevazné délce v usporadani
243 jizdni pruhy a budou realizovany do oteviené stavebni jamy.

GEOLOGICKE POMERY

Hloubené tseky zasahuji jak do pokryvnych ttvarg, tak i do skalniho
podlozi. Pokryvné ttvary jsou reprezentovany eolitickymi sedimenty
(prachové hliny, sprase), fluvidlnimi sedimenty a navdzkami, vyskytuji-
cimi se v zajmové oblasti prakticky v celém tizemi{ ve znacné proménli-
vé mocnosti. Co do sloZeni prevlada piscitd hlina se $térkem, tj. kameny
a valouny razné velikosti, pfevazné kiemence, kfemen, opuky a stavebn{
sut. Mocnost pokryvnych dtvart se pohybuje v rozmezi 6 m aZ 17 m.

Skaln{ podloZi tvori horniny ordovického stéfi, které jsou zastoupeny
letenskymi bridlicemi monoténniho i flySového vyvoje. V pripadé mono-
ténniho vyvoje se jednd o pisCité a prachovité bridlice jemné az hrubé
slidnaté a tlusté deskovité vrstevnaté s malou odolnosti proti zvétravani.
V pripadé flySového vyvoje se jednd o piscité a drobové bridlice s vloz-
kami kiemencu. Bfidlice jsou hrubg slidnaté a tlust€ deskovité vrstevna-
té. Kfemence a piskovce tvori cca 30 az 50 %. FlySovy vyvoj letenského
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city in the area affected by the works, the lots can be opened to traffic
in a stepwise manner. This means that the existing traffic-carrying
capacity of the area, public transport services and infrastructural servi-
ces can be maintained and the environmental impact of the works can
be minimised.

Construction Lot 9515
Myslbekova Street — Prasny Most (MYPRA)

This construction lot is a continuation of the cut and cover tunnels
of the phase 2 of the Strahov tunnel construction, which will be built
concurrently. It starts by a short section of cut and cover tunnels, which
contains the structure of the technical services centre. This structure
passes to a 552m long section of mined tunnels. At the end, the two
tubes join to form a 308m long cut and cover section with a joint cent-
ral wall. The space above the tunnels contains a double-storey underg-
round garage car parking with 486 parking lots. The parking is conne-
cted to local streets around the PraSny Most intersection. The existing
street network is affected by the works in a minimal extent. Milady
Hordkové Avenue will maintain its current width. Svatovitskd Street
will be widened. For this reason the bridge over the railway track will
be reconstructed.

The road in this part of the City Circle has 2 x 2 thoroughfare lanes
3.5m wide. Merging and turning lanes with the same width are added to
the thoroughfare lanes at intersections. These lanes are interconnected
by extending the manoeuvring section to a continuous weaving lane.

Construction Lot 0080 Prasny Most — Spejchar (PRAS)

This construction lot consists of 660m long cut and cover tunnels
connected directly to the cut and cover tunnels of the construction lot
9515. The width configuration is again designed with 2 x 2 thorough-
fare traffic lanes 3.5m wide. The carriageways are separated by
a central dividing wall. The width in the sections between intersecti-
ons where the uniform-width merging and turning lanes are designed
is of 3 x 3.5m. Parts of the cut and cover tunnel are the entry ramps
and exit ramps at the PraSny Most intersection. The most demanding
part of this construction lot is the section between the existing con-
course of the Hrad¢anska Station on the metro line A and the planned
cut and cover railway station on the upgraded track Prague — Ruzyne
Airport — Kladno. Reconstruction of the existing concourse of the
Hradc¢ansk4 Station and addition of a northern concourse pose limita-
tion of the possibility to design the tunnels of the City Circle Road
with 2 x 3 traffic lanes.

Construction Lot 0079 Spejchar — Pelc-Tyrolka (SPELC)

The tunnels of the construction lot 0079 SPELC from the Spejchar
intersection toward the construction lot 0080 are designed as a cut and
cover structure along a length of 647m, up to the AC Sparta football
stadium where a 2,221m long mined section begins. Further the mined
tunnels pass under existing buildings in the Letnd area, the Royal Deer
Park — Stromovka natural monument, a shipping canal, Cisarsky
Island and the Vltava River. The mined tunnels terminate at the Troja
embankment. A 580m long section of cut and cover tunnels starting
from this point ends at the new Trdja Bridge, which will replace the
existing temporary tramline bridge. The remaining 882m long at-grade
section ends at the Pelc Tyrolka intersection. The total length of the
tunnelled part amounts to 3,438m. Parts of this construction lot are
also an underground car park in Letnd with a capacity of 873 parking
spaces, four underground technical services centres, and the Trdja
Bridge. The Tréja Bridge connects Povltavska Street on the Tréja bank
with Partyzdnskd Street in HoleSovice. Its cross section design conta-
ins 2 x 2 traffic lanes with a central tramline trackbed, and pavements
for pedestrian and bicycle traffic.

The cut and cover tunnels in Letnd will accommodate 2 x 3 traffic
lanes 3.5m wide; their part is also a ramp at the future grade-separated
intersection U Vorlikll connecting them with the surface. The mined
tunnels begin in Letnd as three-lane tunnels (two thoroughfare lanes
and one merging/turning lane), and after 378 metres and 497 metres (in
the southern and northern tube respectively) their profile is converted
into a double-lane design. The tunnel tubes run in side by side; the
thickness of the rock pillar between them is of 18 metres on average.
The overburden thickness varies from 10.5m at the Slechta’s restaurant
to 39m in Nad Krdlovskou Oborou Street. The application of the New
Austrian Tunnelling Method with prevailing horizontal excavation



15. rocnik - €. 1/2006

Tuel

Milady Horakové street

TECHNICAL CORRIDOR
J=| ]

TECHNICAL CORRIDOR
= )=y

NORTHERN TUNNEL (NTT)

SOUTHERN TUNNEL (STT)

Obr. 5 Vzorovy pricny Fez tunelem na Letné
Fig. 5 Typical cross section through the Letnd Tunnel

souvrstvi je proti zvétrani odolny a mocnost zvétrani dosahuje vétSinou
mensich hodnot okolo 3 m.

Podzemni voda sleduje prevdzné povrch skalniho podloZi a jeji hladi-
na se pohybuje v rozmezi 8 az 13 m pod terénem.

PRUZKUMNA STOLA PRO STAVBU 0079

Pred zapoCetim pruzkumnych praci bylo informaci o geotechnickych
pomérech v trase budoucich tunelt jen velmi mélo. Z tohoto divodu byl
navrZen a realizovdn podrobny geotechnicky prazkum formou vrtnych
praci, geofyzikdlnich méfeni a v nejobtiZnéjsim tseku pomoci pruzkum-
né Stoly. Celkovd délka prizkumné 3toly dosdhla 2150 m, v prevazné
délce je Stola vedena v profilu budouci jizni tunelové trouby (JTT), a to
excentricky v kalot€ profilu. Pod Vltavou a v zdvére¢ném tseku na dpati
svahu z Letné, kde jsou ocekdvany velmi komplikované geotechnické
podminky, je prizkumnd $tola raZena i v profilu budouci severni tunelo-
vé trouby (STT). Profil Stoly ¢ini 10 m2.

Razba stoly probihala v souladu se zdsadami Nové rakouské tunelovaci
metody (NRTM) v technologickych tfiddich NRTM 2 — 5a uréovanych na
zéklade regiondlni klasifikace QTS. Rozpojovéni horniny bylo provdadéno
pomoci trhacich praci. V listopadu 2005 byly razby ukonceny.

Po jejim vyraZenim je mozné konstatovat, Ze zastiZzené geotechnické
podminky jsou piiznivéjsi, nez bylo predpoklddédno. Jednim z nejvetsich
problému pii razbé tuneld bude zvodnélost horninového prostiedi.
V zévislosti na mnoZzstvi jilovych minerdld v zékladni horniné se bude

technological centre 4
exhaust and E

suction chimney ventilation canals

IR outpy tunnel interconnection B13

ventilation shafts
input, output

ventilation canals
output

underground
ventilation machinery room

northern tunnel tube

ventilation canals inputs
southern tunnel tube

tunnel interconnection B12

Obr. 6 Situace podzemniho vzduchotechnického komplexu
Fig. 6 The underground ventilation centre layout

sequence is anticipated. The cut and cover tunnels in Trdja will have
2+3 traffic lanes within a major part of their length. They will be built
in an open trench.

GEOLOGICAL CONDITIONS

The cut and cover tunnel sections will pass both through the cover and
the bedrock. The cover consists of Eolith sediments (silty loams, loess),
fluvial sediments and made ground, which occur virtually everywhere
within the area of interest, with a variable thickness. Regarding the com-
position, sandy loam with gravel, i.e. pebbles and boulders of various
sizes, mostly quartzite, quartz, cretaceous marl and rubble prevail. The
thickness of the cover varies from 6.0m to 17.0m. The bedrock consists
of Ordovician rock types represented by the Letnd Shales of both mono-
tonous and flysch origin. In the case of the monotonous origin, the sha-
les are sandy and silty, finely to coarsely micaceous, forming thick tabu-
lar layers. The quartzite and sandstone form approximately 30 to 50% of
the rock mass. The flysch-origin Letnd Shale measures are weathering
resistant, and the weathering depth is mostly smaller, about 3.0m.

The groundwater table mostly follows the bedrock surface. It is
found at a depth ranging from 8.0 to 13.0m under the surface.

THE EXPLORATION GALLERY FOR THE CONSTRUCTION LOT 0079

Information on geotechnical conditions along the alignment of the
future tunnels had been rather insufficient. For that reason a detailed
geotechnical survey was designed and carried out in a form of drilling,
geophysical measurements and, within the most difficult section, by
means of an exploration gallery. The total length of the exploration
gallery amounted to 2,150m. Along major part of its length, its positi-
on was designed within the cross section of the future southern tunnel
tube (STT), out of the centre of the top heading profile. Under the
Vltava River and in the final section at the bottom of Letnd Hill, where
very complicated geotechnical conditions are anticipated, the explora-
tion gallery is also driven in the profile of the future northern tunnel
tube (NTT). The gallery has a cross section of 10m?.

The gallery was driven using the NATM, through NATM 2 —
Sa excavation classes determined according to the QTS regional clas-
sification system.

The rock was broken by the drill and blast technique. The excavati-
on was completed in November 2005.

Once the excavation of the gallery is finished, it can be stated that
the geological conditions encountered are more favourable than anti-
cipated. One of the biggest problems during the excavation of the tun-
nels will be the saturated condition of the rock environment. The quan-
tities of water flowing into the excavation will vary depending on the
content of clayey minerals in the rock matrix (quartzite x clayey sha-
les of the Dobrotivy Member). The final inflow of groundwater into
the gallery fluctuated about 80 I/sec.

A relationship between the rate of flow in the Vltava River and the
volume of inflow into the exploration gallery was registered.
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Jana Zajice street
Korunovacéni street

TECHNICALLY INTERESTING

PARTS OF THE PROJECT

- The project of the north-western
part of the City Circle Road is unusu-
al not only in terms of its significance

for the traffic in the north-western part
of Prague or its all-society benefits,
but also in terms of technology.

The following parts belong among
the technically interesting ones:

— Cut and cover tunnels built using
structural diaphragm walls

— The underground technical servi-
ces centre in Letna

— Pre-excavation grouting in the
vicinity of the Slechta’s Restaurant

Cut and Cover Tunnels
Built Using Structural
Diaphragm Walls

The works on the cut and cover tun-
nels from Letnd up to the Prasny Most

ventilation canal

ventilation machinery room northern tunnel

ventilation canal

intersection will be hampered with
a significant lack of space and an obli-
gation to maintain the continuous run-

southern tunnel

Obr. 7 Podélny rez vzduchotechnickym kandlem
Fig. 7 Longitudinal section through the ventilation duct

vyrazné ménit mnozstvi vody pfitékajici do dila (kiemence x jilovité
bridlice dobrotivského souvrstvi). Kone¢ny pritok do celé pruzkumné
Stoly se pohyboval okolo 80 I/s.

Byla zaznamendna vazba mezi protékajicim mnozstvim vody ve Vlta-
vé a pritokem podzemni vody do prazkumné §toly.

TECHNICKY ZAJIMAVE CASTI STAVEB

Stavba severozdpadni ¢dsti méstského okruhu neni pozoruhodnd pouze
z hlediska dopravniho vyznamu v severozapadni ¢4sti Prahy, celospole-
Cenského prinosu, ale také z hlediska technického.

Mezi zajimavé technické Cdsti patif zejména:

— Hloubené tunely za pouZit{ konstrukénich podzemnich stén

— Podzemni vzduchotechnické centum na Letné

— Sana¢ni injektaZe v blizkosti Slechtovy restaurace.

Hloubené tunely za pouziti konstrukénich
podzemnich stén

Provéadéni hloubenych tunel z Letné aZ po kfizovatku Prasny most se
béhem vystavby bude potykat s vyraznym nedostatkem prostoru a s nutnosti
zachovéni neustdlé prijezdnosti na povrchu, minimdlné s jednim jizdnim
pruhem v kazdém sméru. Uzavreni celého prostoru pro dopravu by zname-
nalo kolaps dopravy nejen v bezprostiednim okoli, ale v podstaté v celé cent-
rlnf a severni ¢asti mésta. Proto byla pii navrhu hloubenych tuneld, jako nej-
prostorovych ndrokli, moZnost etapizace a také rychlost vystavby. Vybréna
byla technologie provadéni tzv. éelnim odt€Zovanim prostoru tunelu pod
ochranou definitivni stropni konstrukce a konstrukénich podzemnich stén.
Postup praci spo¢ivd v realizaci podzemnich konstrukénich stén z povrchu,
ddle v odtéZeni zeminy na spodni Groven stropu, ndsledném provedeni defi-
nitivn{ stropni konstrukce a jejim zasypani. AZ poté dochdzi k odebirani zem-
niho materidlu z vlastniho profilu tunelu, a to z ¢ela postupnou razbou dle
Casovych a prostorovych moznosti oddélené v jednotlivych tubusech. Vyho-
dou tohoto TeSeni je maximélni mozné omezeni 3iiky zaboru stavby a zéro-
ven velmi rychlé navrdceni povrchovych komunikaci a inZenyrskych sitf do
pozadovaného stavu. Princip je velmi podobny systému Zelva.

Konstrukéni podzemnf stény tvori definitivni stény budouctho tunelu
a jsou vetknuty do skalniho podloZi. Po odt€Zeni prostoru tunelu je na dné
vybetonovdna rozpérnd deska s technickou chodbou. Izolace proti vodé
bude tvofena pouze vodotésnym betonem s dopliikovym opatfenim pra-
covnich a dilata¢nich spdr (princip bild vana).

Podzemni vzduchotechnické centrum na Letné

Pro potieby zajisténi pozarniho a provozniho vétrani prevdzné Casti
razenych tunelt z Letné do Tréji je pod obytnou zdstavbou na Letné
navrzen slozity komplex podzemnich technologickych objekti. Jednd se

ning of surface traffic, at least along

a single lane in each direction. Any

closure of the space for traffic would
mean a collapse of the traffic not only in the surrounding neighbour-
hood but, in essence, in the whole central and northern part of the city.
For that reason the most important criterions adopted for the design of
the cut and cover tunnels were the construction technique, minimisati-
on of requirements for space, the possibility of dividing the construc-
tion into phases, and also the construction speed. Regarding the exca-
vation technique, a cover-and-cut top-down excavation between retai-
ning walls method was chosen. The method comprises construction of
retaining walls from the ground surface, excavation of the ground up
to the level of the bottom of the roof deck, casting of the final roof
deck and covering the deck with backfill. Only then the excavation
under the roof deck starts, gradually from the face, separately in the
individual tubes, as the time and space conditions allow. The advanta-
ge of this solution is the maximum possible reduction of the width of
the land required for the construction, and very quick restoration of the
surface roads and infrastructure services to the required condition. The
principle is very similar to the “Turtle” method.

The retaining walls also perform the function of final walls of the
future tunnel; they are keyed into the bedrock. When the tunnel space
excavation is finished, a bracing bottom slab with a technical corridor
is cast. The waterproofing will be guaranteed simply by water retai-
ning concrete plus additional treatment of day joints and expansion
joints (the White Tank principle).

The Underground Ventilation Centre in Letna

A complex system of underground structures housing tunnel equip-
ment under the residential development of Letnd is designed, which
will ensure fire and operational ventilation of a major part of the mined
tunnels section from Letnd to Tréja. The system comprises a ventilati-
on plant cavern, ventilation ducts (connecting, intake and outlet ducts)
and shafts.

The largest structure is the ventilation plant cavern. It is designed to
lie in parallel to the tunnel route, with the distance between the hall
centre and the NTT about 85m. The excavated cross-section of the
125m-long cavern amounts nearly to 300m?. A vertical sequence will
be used for the NATM excavation carried out in the Letnd Shales,
under a 25m thick rock cover.

The ventilation ducts providing both the supply and extraction of air
connect to the ventilation plant cavern. The fresh air duct (tunnel)
supplying the northern tunnel tube (NTT) and serving at the same time
as a transport route for assembly and later also replacement of the equ-
ipment in the plant hall, connects to the western end of the cavern. The
eastern end of the cavern receives the tunnel supplying fresh air to the
southern tunnel tube (STT) via the technical services centre (TSC 4)
and the cross passage B13. The intake structure of the 10m-diameter
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o strojovnu vzduchotechniky, propojovaci, pfivodni a odvodni vzducho-
technické kandly a Sachty.

Nejvétsim objektem je strojovna vzduchotechniky, kterd je navrZena
paralelné s trasou tuneldl v osové vzddlenosti od severni tunelové trouby
(STT) cca 85 m. Plocha vyrubu ¢inf témér 300 m2, délka 125 m. Pii jeji
razbé (NRTM) v letenskych bridlicich s vySkou skalniho nadlozi 25
m bude pouzito vertikdlniho ¢lenéni vyrubu.

Do objektu strojovny vzduchotechniky jsou zadstény vzduchotechnic-
ké kandly zajistujici ptivod i odvod vzduchu. Na zdpadnim konci stro-
jovny se napojuje tunel privadéjici erstvy vzduch do severni tunelové
trouby a slouzici zdroven jako dopravni cesta pro zavdZeni i ndsledné
vymény technologickych zafizeni ve strojovné. Na vychodnim konci na
strojovnu navazuje tunel privadéjici pres technologické centrum (TGC 4)
a propojku B13 Cerstvy vzduch do jizni tunelové trouby (JTT). Do stre-
du strojovny je zaustén tunel kruhového & 10 m, odvadejici znecistény
vzduch z obou tunelovych trub. S tfipruhovymi tunely je propojen svis-
lymi Sachtami & 8 m.

Tento slozity podzemni uzel zde bylo moZné navrhnout jen diky velmi
dobré geologii, kterou predstavuji zdravé pis¢ité bridlice letenského sou-
vrstvi bez vyznamnéjsiho tektonického poruseni. Pro ovéfeni napjatostné-
deforma¢niho vlivu razby na horninové prostredi a povrch byl proveden
rozséhly matematicky model metodou kone¢nych prvka. Jeho vysledky
potvrdily redlnost navrzeného feSeni a poskytly informace o predpokldda-
nych velikostech deformaci na povrchu, které by nemely prekro€it 35 mm.

Sanacni injektaze v blizkosti Slechtovy restaurace

V ramci podrobného geotechnického prizkum byla na tdpati svahu
z Letné do prostoru parku Stromovka v blizkosti historického objektu
Slechtovy restaurace kontrolnimi pfedvrty z pruzkumné §toly zmapova-
na skute¢nd vyska skalniho nadloZi. Zjistény byly relativné malé odchyl-
ky od predpokladanych hodnot a nejmensi vyska skalniho nadlozi budou-
ciho tunelu byla stanovena na 1,5 m. Nad skalnim nadloZim se nachéze-
ji saturované Stérkopisky o mocnosti cca 11 m. V takovych geotechnic-
kych podminkdch je razba tunelu bez doplnujicich bezpe¢nostnich opat-
feni pfi razbé v podstaté nemozna.

Pro bezpe¢ny prichod prazkumné Stoly byly pouZity sana¢ni injektdZe na
bdzi cementu. Vytvorenim obélky o mocnosti cca 2,5 m doslo ke zpevnéni
Casti nadloZi a zvySeni jeho nepropustnosti. Pro razbu samotnych tunelu je
navrzeno feSeni obdobné. V predstihu pred razbou vlastnich tuneld bude
z pruzkumné §toly provedena tryskova a tlakové horninova injektdz pomoci
systému radidlnich v&jifu. K vrténi budou pouZity vrty & 75 mm proménli-
vych délek. Stridavé budou injektovény vrty vlevo a vpravo, postupovano
bude dovrchné. Celou problematiku provaddéni injektdzi komplikuje skutec-
nost, Ze bude provddéna dovrchné pod hladinou podzemni vody, resp. pod
Vysledkem provadénych injektdzi bude cca 1,0 — 1,5 m silnd ,,betonova vrst-
va‘“ napoméhajici bezpecnému prichodu razeb a oddélujici saturované sedi-
menty od vyrubu. Bo¢ni, tlakova injektdZ bude slouZit k dotésnéni hornino-
vého prostfedi a minimalizaci prusaku do vyrubu.

Samotnd razba bude v téchto mistech provadéna pod ochranou mikro-
pilotovych destnikd z injektovanych ocelovych trubek 108/16 mm
délky12,0 m s horizontdlnim ¢lenénim vyrubu a do¢asnou spodnf protik-
lenbou. V piipadé velmi nepriznivych stabilitnich podminek bude kalota
dale ¢lenéna.

Existuje varianta provddéni pomoci véjifu tryskové injektdZe z povr-
chu, ale i prestoZe je tato metoda bezpe¢néjsi, vyrazné levnéjsi a nijak
zésadné nenaruluje Zivotn{ prostredi, zustdva zatim pouze variantou teo-
retickou. Podminky pro realizaci stavby, které vyplyvaji z projedndni
dokumentace pro stavebni povoleni, toto feSeni neumoziuji.

ZAVER

V soucasné dobé je stavba 2A Strahovského tunelu v realizaci. Na
stavbu 2B je vyddno platné dzemni rozhodnut{ a probihd zpracovini
dokumentace ke stavebnimu povoleni. Také na zbyvajici tfi stavby sou-
boru je vydéno platné dzemni rozhodnuti a je odevzdana dokumentace ke
stavebnimu povoleni. U stavby ¢. 0079 SPELC je redlné zahdjeni reali-
zace cca v poloviné roku 2006. Pfiprava staveb probihd tak, aby bylo
mozné cely komplex uvést do provozu najednou.

Tento ¢lanek shrnuje pouze zdkladni informace o jednotlivych ¢astech
tunelu Blanka na méstském okruhu v Praze presto, Ze kazdd popisovand
¢ast by si vzhledem ke svému rozsahu a vyznamu zaslouzila daleko
podrobnéjsi vyklad. 5
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circular profile tunnel extracting the polluted air from both tunnel
tubes is at the centre of the cavern. This tunnel is connected with the
three-lane tunnels through 8m-diameter vertical shafts. This complex
underground node could be designed in this location only owing to
very good quality geology, which is represented by sound sandy Letnd
Shale Member without any significant tectonic faulting. An extensive
FEM mathematical model was developed for the purpose of verifica-
tion of the stress-strain impact of the excavation on the rock environ-
ment and the surface. The results of the analysis confirmed that the
designed solution is feasible. They also provided information on the
anticipated magnitude of surface deformations, which should not exce-
ed 35mm.

Pre-excavation Grouting in the Vicinity
of the Slechta’s Restaurant

As a part of the detailed geotechnical investigation, the actual thick-
ness of the rock cover in the area around the Slechta’s Reastaurant was
mapped by means of probe holes drilled in the direction of Stromovka
Park from the exploration gallery, in advance of the heading, which
was at that time under the foot of the Letnd Hill slope. Relatively small
deviations from the anticipated values were identified; the lowest
thickness of the rock cover of the future tunnel was determined at
a value of 1.5m. The rock cover is overlain by a saturated gravel-sand
layer about 110 thick. Tunnel excavation in such the geotechnical con-
ditions is impossible without additional safety measures implemented
during the work.

Pre-excavation grouting with cementitious grout was carried out to
allow safe passage of the exploration gallery. The development of an
about 2.5m thick envelope consolidated the overburden and enhanced
its impermeableness. A similar solution is designed for the excavation
of the future tunnels. Jet grouting and pressure grouting of the ground
using a system of radial fans will be carried out from the exploration
gallery, in an advance of the tunnel excavation. Boreholes 75mm in
diameter of varying lengths will be drilled. A staggered system of
injecting the grout into the boreholes to the left and right side will be
utilised. The grouting operations will proceed in the upward direction.
The entire issue of the grouting is complicated by the fact that it will
be carried out upward, under the water table, or under fully saturated
sediments. The use of preventers is therefore necessary. The grouting
operations will result into the origination of an about 1.0 — 1.5m thick
“concrete canopy” facilitating the safe passage of the excavation and
separating the saturated sediments from the excavation. The pressure
grouting of the sides is designed to seal the rock environment and
minimise the seepage into the excavation.

The excavation work in this location will be protected by a canopy
of grouted 108/16mm x 12m long steel tubes, with a horizontal exca-
vation sequence and a temporary invert. The top heading will be furt-
her divided in the case of very unfavourable stability conditions.

An excavation variant comprising jet grouting fans to be executed
from the surface also does exist. Although, despite the fact that this
method is safer, substantially cheaper and causes no significant distur-
bance of the living environment, it has remained a purely theoretical
variant for the time being. The construction conditions following from
the final design do not allow this solution.

CONCLUSION

Currently the construction phase 2A of the Strahov tunnel is being
implemented. The zoning and planning decision for the phase 2B has
been issued and the final design is being developed. The zoning and
planning decision has been issued and final design submitted for the
three remaining construction lots of the project. The works on the con-
struction lot 0079 SPELC could commence around the mid 2006. The
preparation of the partial construction sites is managed in a manner
allowing the entire complex to be opened to traffic en bloc.

This article summarises only basic information on individual parts
of the Blanka tunnel built on the Prague City Circle Road despite the
fact that each of the above-described parts would deserve much more
detailed comments, considering their extent.
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TUNELY DOBROVSKEHO I A II, SILNICE 1/42 VMO BRNO
THE DOBROVSKEHO | AND Il TUNNELS, THE LCRR BRNO, 1/42 ROAD SECTION

VLASTIMIL HORAK

ZAKLADNI UDAJE

Region Jihomoravsky kraj — mésto Brno
Investor Reditelstv{ silnic a ddlnic CR, mésto Brno
Projektant AMBERG Engineering Brno, a. s.
Uzivatel Brnénské komunikace, a. s.

Obdobi vystavby 2006-2012
Objem stavebnich praci
razené objekty 265 574 m’® (vyrubany prostor)
hloubené objekty 84 340 m® (obestavény prostor)

uvob

Severni ¢ést velkého méstského okruhu v Brn¢ (déle jen VMO), kterd je
v soucasnosti pripravovdna k vystavbe, _]C umisténa na tizemf mestskych Ctvr-
t{ Krédlovo Pole a Zabovresky Je pro ni pouzivano stru¢né oznaceni VMO
Dobrovského podle ndzvu ulice, v jejiz ose bude komunikace prochdzet.
Hlavnim prvkem této ¢dsti VMO jsou dva tubusy raZenych tuneld. Pred
obéma portdly tunelt na komunikaci VMO navazuji dvé vyznamné radidlni
komunikace ve sméru od Svitav, které jsou pripojené pres mimotiroviiové
kiizovatky.

Tunel I — délka celkem 1 239,87 m. Z toho razend ¢ést dl. 1 05342 m
a hloubené Cdsti budované v otevienych pazenych jadmédch dl.
133,66 m v Zabovfeskach a 52,79 m v Kralové Poli.

Tunel II délka celkem 1 261,25 m. Z toho raZend cdst dl.
1 059,97 m a hloubené ¢4sti budované stejnou technologif jako u tunelu I, dI.
14861 mv Zabovreskach 252,67 m v Kralove Poli.

Na strané Zaboviesk j Je tsek VMO doplnén jesté dvéma galeriemi délky
témér 300 m pro sniZeni hlukové zdtéZe okolnich domu.

SMEROVE A VYSKOVE VEDENI

Z hlediska smérového fesent je tunel I prakticky v pfimé a kopiruje osu
povrchové komunikace — ul. Dobrovského. Tunel II, vedeny paralelné
v odsunut{ jizné cca o 70 m, je naproti tomu navrzen s n¢kolika protismér-
nymi oblouky. Divodem je snaha vyhnout se negativnim vlivim na proble-
matickou povrchovou zdstavbu — 12 podlazni panelovy dim, budovy
TELECOMU, bazény koupalisté “Dobrak” apod.

Vyskové feseni obou tunelt je podfizeno technologii razby v daném pro-
stredi brnénskych téglu, nutnosti navzani na predportalové dseky v Krdlové
Poli bez kolize s duleZitymi péteinimi kanalizadnimi stokami — zatrubnény

Primarni osténi — oblouky HEB 200, svaiované sité, stiikany beton
Primary lining — HEB 200 arches, mesh, sho}crete
Tlakova izolace (HDPE, PVC)

Pressure waterproohng (HDPE, PVL) |
Vnitrni osténi: Zelezobeton —
Internal lining: =
reinforced
concrete

Plocha vyrubu 125 m* s
Excavated cross section area 125 m_

Odsavani 11,64 m?
Extraction 11,64 m?

vetly profil 8,5 x 4,5 m (Dopravnl prostor 57 95
e Net profile 8,5 x 4,5 m (Traffic space 57,95 m )

1090 750
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|

|

| 750 | T
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| Emergency lighting ’
B 250%

|
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Vyska vyrubu 11,18 m / Excavation height 11,18 m

“Pozérni vodovod DN 150
Hydrant main DN 150

Privod &erstvého viduchu do spojek a elektrovyklenku
Fresh air supply to cross passages and electrical niches L

Kanalizace DN 300
Sewerage DN 300

Sitka vyrubu 13,750 m = Excavation width 13,750 m i

Obr. 1 Vzorovy pricny Fez
Fig. 1 Typical cross section

BASIC DATA

Region the South Moravian region — the City of Brno
Employer the Directorate of Roads and Highways of the CR
Designer AMBERG Engineering Brno a.s.

User Brnénské komunikace a.s.
Construction period 2006 - 2012
Works volume

mined structures

cut and cover structures

INTRODUCTION

The northern part of the Large City Ring Road (LCRR), which is currently
being prepared for construction, is located in the area of the Krdlovo Pole and
Zabovresky districts. It is briefly named the LCRR Dobrovského, after the street
that the road will pass under, following its centre line. The principal element of this
LCRR part is a twin-tube tunnel. Two major radial roads join the LCRR in front
of both portals in the direction from Svitavy, via grade-separated intersections.

The overall length of the tunnel I is of 1,239.87m. Out of that, the mined
section length amounts to 1,053.42m; the cut-and-cover sections constructed
in open pits in Zaboviesky and Kralovo Pole are 133.66m and 52.79m long
respectively.

The tunnel II is 1,261.25m long. Out of that, the mined section length
amounts to 1,059.97m and the cut-and-cover sections, also constructed in open
pits in Zaboviesky and Kralovo Pole, are 148.61m and 52.67m long respecti-
vely. The LCRR section on the Zabovresky side is further complemented by
two nearly 300m long galleries reducing the noise load on the buildings around.

HORIZONTAL AND VERTICAL ALIGNMENT

The horizontal alignment of the Tunnel I is virtually straight. It copies the
centre line of Dobrovského Street on the surface. In contrast, the Tunnel II,
which is led parallel at a distance of 70m to the south, comprises several
reverse curves. The reason is the effort to avoid negative impacts on proble-
matic surface structures, i.e. a 12-storey panel building, TELECOM buil-
dings, the “Dobrdk™ swimming pools etc.

The design of the vertical alignment of both tunnels is subjected to the
technique of excavation in the given geological conditions of so-called “Brno
tégl” ground, to the necessity for linking to the pre-portal sections in Krdlo-
vo Pole without any collision with trunk sewers (the Pondvka I covered
brook, the Ponavka II sewer) and the minimisation of demolition work. From
the tunneller’s and future user’s point of view, the vertical alignment of both
tunnels is improper because there are sags in the lower parts of the tubes.
Water will have to be pumped both during the tunnel excavation and the
operation. The maximum longitudinal gradient amounts to 4.5%.

GEOLOGY

The sequence of strata in the tunnel cross section is relatively very mono-
tonous, i.e. secondary loess and anthropogenic fills up to 3 — 10m thick, local-
ly with layers of saturated gravel to sand terraces. The sub-base of the terra-
ces consists of Neogene clay (“Brno Tégl”) several tens of metres thick (the
bedrock was not found even by boreholes over 60m deep). Groundwater is
bound in gravel sand layers on the upper horizon of the Neogene in the form
of aquifers in local depressions. The consistence of the Neogene clays is stiff,
locally hard. In terms of plasticity, Brno Tégl is highly plastic; in combinati-
on with water it is extremely squeezing.

The overburden depth is approximately the same for both tunnels. It ran-
ges from 6m to a maximum value of about 21m. The alignment is designed
to pass through Negogene clay so that a minimum thickness of 2 - 3m of the
impervious Neogene clay cover is always guaranteed.

The tunnel construction was preceded by geological exploration galleries
driven at a total length of 2,000m within the cross sections of the Tunnels
I'and II to allow detailed geological and geotechnical investigation, including
measurement of deformations and settlement of the surface. The galleries
were driven as parts of the excavation of the tunnels, by the technique which
will be utilised for the big tunnels. The impacts of the gallery excavation were
taken into account in a back analysis, where the overall effects of the tunnel
construction on existing buildings were calculated.

265,574m? (excavated volume)
84,340m* (walled-in space)
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potok Pondvka I, stoka Pondvka II a minimalizaci demoli¢nich praci.
Z pohledu tuneldiského i budouciho uZivatele je podélny profil obou tunel
velmi nevhodny — v obou tunelech se v dolni ¢ésti vyskytuje tdolnicovy
zakruZovaci oblouk. Pfi razbé i za provozu bude nutno trvale Cerpat odpadni
vody. Maximdlni podéIny sklon dosahuje 4,5 %.

GEOLOGIE

V profilu tunelt je geologicky sled relativné velmi monotonni — pokryvné
vrstvy sprasovych hlin a antropogennich navdzek mocnosti 3 az 10 m, ve
spodnim horizontu s mistnimi polohami lokalné zvodnélych Stérkovych az
piscitych teras. PodloZi teras je tvofeno neogennimi jily (brnénské tégly)
o velké mocnosti nékolik desitek metra (skalni podloZi nebylo zastiZeno ani
vrty hloubky pres 60 m). Spodni voda je vézdna ve §térkopiskovych polohédch
na svrchnim horizontu neogenu ve formé zdrz{ v lokdlnich depresich. Kon-
zistence neogennich jilu je tuhd aZ misty pevnd. Z hlediska plasticity jsou
tégly vysoce plastické a ve spojeni s podzemni vodou siln€ tla¢ivé.

Vyska nadloZi u obou tunelt je priblizné stejnd a pohybuje se v rozmezi
od 6 m do maximdlni hodnoty cca 21 m. Vyskove jsou oba tunely vedeny
v neogennich jilech tak, aby byla vzdy zajiSténa minimdlni nepropustnd
vyska nadlozi neogennich jili nad vyrubem cca 2 a7 3 m.

Vystavbé tunelt predchdzela razba prizkumnych geologickych Stol v pro-
filu tunelu I i IT o celkové délce pres 2000 m, kde byl proveden podrobny
geologicky a geotechnicky pruzkum v&etné méfeni deformaci a poklesu na
povrchu. Stoly byly raZeny jiz jako soucdst razby tuneld — diléi vyruby pro-
vidéné stejnou technologii, jako budou raZeny velké tunely. Uginky razby
Stoly byly zohlednény v rdmci zpétné analyzy pii vypoctech celkovych téin-
ku stavby tunelu na povrchovou zdstavbu.

TECHNOLOGIE RAZBY

Metoda razby je navrZena se svisle i horizontdlné Clenénou Celbou
(Ulmenstollen), s primdrnim osténim ze stitkaného betonu s ocelovymi
vyztuZnymi prvky.

Poklesovd kotlina se vytvérela dle matematickych modelt relativné velmi
zk4, v zavislosti na mocnosti nadlozi do max. vzdalenosti cca 22 az 25 m od
osy tunelu, s maximalnimi poklesy do cca 110 mm nad osou tunelu.

KONSTRUKCNI RESENIi TUNELOVEHO OSTENI

Pii¢né usporadani tunelt je tifprostorové — dopravni prostor a pristropi roz-
délené na dvé Césti — privod Cistého a odtah zne€isténého vzduchu. Tunelové
osténi je dvoupldstové s mezilehlou uzavienou izolaci. Primdrni osténi je
navrzeno ze stitkaného betonu s ocelovymi vyztuZnymi ramendty (plnostén-
né nebo prihradové), v extrémnich piipadech v dsecich s malym nadlozim
nebo nebezpetim vytvareni nepiipustnych poklesi na povrchu, bude osténi
doplnéno o kryci mikropilotovy destnik v horni éasti klenby. Vzhledem
ke zjisténé agresivité podzemnich vod bude mit primarni osténi temporerni
charakter — hlavni nosnou funkci bude mit osténi sekundérni ze Zelezobetonu.
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EXCAVATION TECHNIQUE

Both the horizontal and vertical sequences (Ulmenstollen) are designed,
with the excavation supported by primary lining consisting of shotcrete and
steel support elements.

A relatively very narrow settlement trough was developed according to
mathematical models, depending on the thickness of the cover up to a distan-
ce of approximately 22 to 25m from the tunnel centre line; maximum settle-
ment values about 110mm above the tunnel centre line.

TUNNEL LINING DESIGN

The cross-section of the tunnel consists of three compartments, i.e. the traf-
fic space and the roof space, which is divided into two parts — for supply of
fresh air and exhaust of polluted air. The tunnel lining is a double-shell struc-
ture with intermediate waterproofing. The primary lining is designed from
sprayed concrete with steel arches (compact or lattice types); a canopy of pre-
support tubes will be installed in extreme cases of sections with a low cover
or sections risky in terms of development of unallowable settlement of the
surface. Considering the information about the groundwater aggression acti-
on, the primary lining will be of a temporary character — the principal load
bearing structure will be the reinforced concrete secondary lining.

TUNNEL CROSS-SECTION - BASIC DATA

Basic width of traffic lanes in the tunnel .................3.50m
Clearance height .............. .. ... ..o 4.50m
Net width between kerbs ............................. 8.50m
Traffic Space . ... ..vvvr i 57.95m?
Air exhaust SPACE ... ..o ovi i 12.0m?
Primary lining 350mm thick . ...................... 11.95m*Im
Secondary lining min. 450mm thick ................ 32.53m%Im
Excavated cross-section of the tunnel .. .................. 125m?

OPERATIONAL VENTILATION OF THE TUNNEL

A semi-transversal ventilation system is designed. Fresh air will be sucked
into the tunnels via portals on both sides. Polluted air will be exhausted cent-
rally to the space of a tunnel services centre, which is approximately one third
of the tunnel length distant from the end. It will be discharged into the
atmosphere at a height of 25m above the ground surface, at an increased velo-
city, through two 25m high shafts. Both tunnels will have separate ventilati-
on systems, entirely independent, with a possibility of exhausting the smoke
generated during a fire event from any place centrally. The cut-and-cover sec-
tions of the tunnels are equipped with longitudinal reversible jet fans
allowing corrections of the air flow velocity and direction.

SAFETY ASPECTS OF THE STRUCTURE

The tunnel tubes are interconnected by four cross passages; one of the pas-
sages allows escape directly into the open space via a staircase or using an eva-
cuation lift. Emergency laybys 40m long will be provided in both tunnels.

There will be 6 SOS niches installed in each tunnel, in recesses in the right-
hand sidewalls, provided with a standard set of equipment. Hydrant lines will

. Technologické centrum
Technical services centre
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Obr. 2 Podélny profil tunelu
Fig. 2 Longitudinal cross section through the tunnel
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PROFIL TUNELU - ZAKLADNI TECHNICKE UDAJE

Zakladni $itka jizdnich pruhd v tunelu  ................. 3,50 m
Svetld podjezdnd vyska . ... .. 450 m
Svétla §itka mezi obrubniky ........ ... ... L 8,50 m
Plocha dopravniho prostoru . ............... ... ... ... 5795 m?
Prostor pro odsdvani vzduchu ..................... ... 120 m?
Primdrni osténi t1. 350 mm ...................... 11,95 m*/bm
Sekundérni osténi tl. min. 450 mm ................ 32,53 m*/bm
Vyrubovy profil tunelu . ........ ... ... ... . ... 125 m?

PROVOZNI VETRANI TUNELU

Je navrzeno polopficné odvétrani. Cisty vzduch bude do tuneli prisdvan
portély na obou strandch. Zne€istény vzduch bude odsdvan centrdlné do pro-
storu technologického centra cca v 1/3 délky tunelu. Do ovzdusi bude vyfu-
kovén zvySenou rychlosti dvéma kominy vysky 25 m nad okolnim terénem.
Odvétrani obou tunelii bude samostatné a zcela nezdvislé s moZnosti cent-
rédlntho odsdvani koure pfi poZéru z kteréhokoliv mista. Hloubené ¢ésti tune-
10 jsou doplnény podélnymi proudovymi reverzibilnimi ventildtory pro pri-
padnou korekei rychlosti a sméru proudéni vzduchu.

BEZPECNOSTNI STAVEBNI UPRAVY

Obé tunelové roury jsou propojeny celkem &tyfmi tunelovymi spojkami,
z nichZ jedna umoznuje tnik piimo do volného prostoru po schodisti nebo
evakua¢nim vytahem. V obou tunelech budou zfizeny nouzové odstavné
zédlivy délky 40 m.

Vpravo ve sméru jizdy budou umistény vyklenky se skifnémi SOS - cel-
kem 6 vyklenku SOS v kazdém tunelu se standardnim vybavenim. V obou
tunelovych rourdch a tinikovych cestdch véetné podzemnich prostor techno-
logického centra bude zfizen poZdrni vodovod se zaokruhovénim a moznos-
ti odstavovani jednotlivych okruht v piipadé velkych havarii, doplnény
navic v tunelovych spojkach a tinikovych cestach jesté suchovody.

Kanalizace bude provedena se Sachtami s protipoZarni tipravou (moZny

[Nys

bude mit 100% rezervu vCetné jistén{ a zdlohovani Cerpadel.

TECHNOLOGICKE VYBAVENI TUNELU

Z hlediska bezpecnosti provozu a osob v tunelu je mozno konstatovat, Ze
technologické vybaveni tunelu odpovidd béZnym standardim, které jsou
rovnéZz v jiz provozovanych brnénskych tunelech. V Brn¢ jiz funguje pod
spravou Brnénskych komunikaci, a. s., od roku 1999 centrélni tunelovy dis-
pecink (CTD) s trvalou obsluhou, na ktery budou veskera zafizeni Kralovo-
polskych tunelu napojena.

TECHNOLOGICKE CENTRUM

Pro zvoleny systém odvétrani tunell a ostatni technologickd zafizeni je nutno
vybudovat odpovidajici prostory, zejména pro ventiltory a vydechovy objekt,
a to uprostred relativné velmi husté obytné zdstavby. Podzemni objekt techno-
logického centra bude mit pudorysné rozméry 14x44 m, hloubka Cisté podlahy
tinikové cesty a nejspodnéjsiho podlazi je 25,50 m pod terénem. Celkem bude
mit technologické centrum Sest podzemnich a jedno nadzemni podlazi, dva
kominy s vyskou 25 m nad terénem. Tunel II bude k technologickému centru
pripojen dvéma Stolami — dnikovou cestou s kabelovym kandlem a vétraci $to-
lou pres samostatnou strojovnu VZT primo do kominu. Na povrchu budou
pouze dva relativné malé piizemni objekty (zastavénd plocha 315 m?) s piijez-
dovou komunikac{ a dva kominy. Uvedené nadzemni objekty budou architek-
tonicky zaclenény do budouci vystavby polyfunkéniho objektu.

ZAVER

Tunely jsou situovdny do tzemi z hlediska urbanistického a dopravniho
velmi exponovaného. Hustd povrchova obytnd a obcanska zdstavba se sou-
visejicimi inZenyrskymi sitémi a dopravnimi komunikacemi na povrchu,
spolu se specifickymi geologickymi podminkami brnénskych neogennich
jilii (téglh) Yadi stavbu tunelt a souvisejicich objekti VMO Dobrovského
mezi zcela ojedinéld inZenyrskd dila, nemajici v Ceské republice obdoby.

Na zdkladé geotechnickych a geologickych poznatki z razby Stol byly
matematickym modelovanim podrobné proSetieny vlivy razby na povrcho-
vou zdstavbu v okolf tunelovych tras. Zpracovdvd se podrobnd pasportizace
objektu v trase obou tunelovych rour v z6né ohroZeni, kterd obsahuje 260
objekt. Asi 100 nadzemnich objektu bude pred razbou dodate¢né vyztuZe-
no a podchyceno. V nejkriti¢téjsich mistech razby budou provedena pomoc-
nd opatfeni ke zmirnéni d¢inku razby. Jde o mikropilotové detniky, injekta-
Ze zvodnélych Stérkovych vrstev a clonici ¢i pricné stény z pilita tryskové
injektaze. Zahdjeni vystavby tunelti se predpokladd v roce 2006.

ING. VLASTIMIL HORAK, Amberg Engineering Brno a. s.,
e-mail: vhorak@amberg.cz
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Obr. 3 Celba priizkumné $toly
Fig. 3 Exploration gallery heading

be installed in both tubes and escape corridors, including the underground
technical services centre. The distribution system will consist of circuits allo-
wing their closure in a major emergency. Dry mains will be added in the
cross passages and escape corridors.

The sewerage system will comprise fire-protected shafts (fuel or oil fire is
possible); the fault water pumping station built at the lowest point of both
tunnels will have a 100% reserve capacity, including circuit breakers and
standby pumps.

TECHNICAL SERVICES IN THE TUNNEL

Regarding the safety of operation and persons in the tunnel, it is possible
to state that the technical services in the tunnel correspond to common stan-
dards, which have been applied to Brno’s operating tunnels. A permanently
manned tunnel management centre, which all equipment of the Krélovo Pole
tunnels will be connected to, has been working since 1999.

TECHNICAL SERVICES CENTRE

The tunnel ventilation system and other technical services designed for the
tunnels require adequate spaces, above all a ventilation fan room and an
exhaust structure, all of this amid relatively very dense residential develop-
ment. The underground structure of the technical services centre will have
the footprint dimensions of 14 x 44m; the escape corridor floor and the
lowest floor of the centre are at a depth of 25.50m under the surface. In total,
the centre will have 6 underground and one above ground levels and two
25m high chimneys. The Tunnel II will be connected to the technical servi-
ces centre via two galleries, i.e. the escape route with a cable duct, and a ven-
tilation duct leading via the independent ventilation plant room directly to the
chimney. There will be only two relatively small single-storey buildings
(ground-floor space of 315m?) with an access road, and two chimneys. In
terms of architecture, the above-mentioned surface structures will be incor-
porated into the future construction of a multi-purpose centre.

CONCLUSION

The tunnels are situated in an area that is extremely exposed in terms of
urban design and traffic needs. The dense community and residential deve-
lopment and all related utility services and roads on the surface, together with
the specific geological conditions of the Brno Neogene clays (Brno Tégl),
rank the construction of the tunnels and other structures of the LCRR Dob-
rovského with outstanding civil engineering projects having no match in the
Czech Republic.

The impacts of the excavation on the existing surface structures around the
tunnel routes have been investigated in detail by mathematical modelling
based on the geotechnical and geological data obtained from the exploration
gallery drives. A detailed condition survey of the structures found along the
routes of the tunnel tubes, within an endangered zone containing 260 struc-
tures is being carried out. Approximately 100 above ground structures will
be reinforced and underpinned prior to the excavation. Additional measures
designed to mitigate the effects of the excavation will be implemented in the
most critical locations. Those measures consist of canopy tube pre-support,
grouting of saturated gravel layers, and jet grouted columns forming longi-
tudinal cut-off walls or transversal walls. The tunnel construction is expected
to commence in 2006. )

ING. VLASTIMIL HORAK, Amberg Engineering Brno a. s.,
e-mail: vhorak@amberg.cz
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PRAZSKE METRO - TRASA D
PRAGUE METRO - THE D LINE

JIRI RUZICKA, VLADIMIR CIGANEK

ZAKLADNI UDAJE

Region Hlavni mésto Praha

Investor Hlavni mésto Praha

UZivatel Dopravni podnik hlavniho mésta Prahy
Obdobi vystavby zahdjen{ po roce 2008

uvobD

Trasa D je ¢tvrtym diametrem v siti prazského metra. Jejim cilem je
v ¢asovém horizontu dzemniho pldnu hlavniho mésta Prahy k roku 2010 zaji-
stit radidlni cesty z oblasti Krée, Lhotky, Libuse, Novych Dvort, Pisnice
a rozvojovych tizemi na jiznim okraji Prahy do centra.

Prvni provozni dsek trasy D by mél rovnéZ ¢dstecné zlepsit provoznf situ-
aci na trase C. Zprovoznéni trasy D umozni prevedeni &asti prepravni zdtéze
z trasy C na trasu D a tim ¢dsteCné sniZ{ obsazenost souprav na provozované
trase C.

Hlavni prinos prvniho provozniho dseku trasy D je vSak treba hledat
v nahrazent silné autobusové dopravy vedené ulici Videniskou a poklesu sil-
ného zatiZen{ stanice metra Kacerov. Zdroven Ize oekdvat i sniZeni objemu
prestupujicich cestujicich ve stanici Muzeum.

Nezanedbatelnou vyhodou je i odstranéni provozni zranitelnosti trasy C na
Nuselském moste a vytvoreni dal§ trasy metra z jizni ¢asti mésta do centra.
Predpjatd Zelezobetonové konstrukce Nuselského mostu je z hlediska dlou-
hodobé perspektivy ohroZena pusobenim bludnych proudi a v budoucnu
nelze vyloucit jeji celkovou rekonstrukei.

Na obrdzku 1 je vyrez sité¢ metra s provozovanymi tfemi trasami metra A,
B, C a s pripravovanou trasou ID. Trasa C je zakreslena véetné budovaného
useku IVC2 Lddvi — Letnany, ktery md byt dokoncen v roce 2008. Rozsah
trasy A zahrnuje i novou stanici metra v aredlu Depa Hostivar, kterd bude
dokoncena v poloving letosniho roku.
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Obr. 1 Vyrez sité praZského metra
Fig. 1 Section of the Prague Metro network

BASIC DATA

Region the City of Prague

Employer the Municipality of Prague

User Dopravni podnik hlavniho mésta Prahy

(a passenger transport authority)
Construction period commencement after 2008

INTRODUCTION

The Line D is the fourth diameter in the Prague metro network. Its objec-
tive is to provide radial transit to the centre from the areas of Kr¢, Lhotka,
Libus, Nové Dvory, Pisnice and the development territories on the southern
edge of Prague.

The first operational section of the Line D should partially improve the
operational situation on the Line C.

By opening the Line D to traffic, a portion of the traffic load will be tran-
sferred from the Line C to the Line D, thus the train occupancy on the ope-
rating Line C will be partially reduced.

The main benefit of the first operational section of Line D must, however,
be sought for in the replacement of the extensive bus traffic leading along
Videnska Street, and a decrease in the high passenger traffic intensity at the
Kacerov metro station. At the same time we can expect that the passenger
interchange volume at the Muzeum station will also be diminished.

Not negligible advantage is also elimination of operational vulnerability of
the Line C on the Nusle Bridge, as well as the development of a new metro
line from the southern region of the city to the city cetre. The pre-stressed
reinforced concrete structure of the Nusle Bridge is threatened in the long
term by the effects of stray currents and by the fact that the need for overall
reconstruction of the bridge in the future cannot be excluded.

A section of the metro network with the three operating lines A, B and
C and the Line I D under preparation, is shown in Fig. 1. The Line C is shown
including its section IV C2 Ladvi — Letnany, which is under construction with
the completion scheduled for the middle of this year.

ROUTE DESCRIPTION

The basic extent, or the sphere of service provided by this section of the
Line D marked as I D is currently understood to cover an area from Pisnice
to the Hlavni Nddrazi station. Variants to the solution are focused specially
on the vehicle category and corrections in the details of the horizontal and,
above all, vertical alignment associated with the selected vehicle category. At
the same time, the issue of compatibility with the other kinds of rail transit
existing in the PID (Prague integrated transit system), is under consideration
from the aspect of possible utilisation of the system in a regional scale.

The above-mentioned extent of the line differs from the expectations of the
planning department of the City of Prague. It roughly represents unification
of the originally discussed two operational sections of this line (the section
I D from Ndmésti Miru to Nové Dvory and section II D from Nové Dvory to
Pisnice), with an extension comprising one interstation section toward the
south (a part of the originally discussed section III D) to the Hlavni Nadraz{
metro station. The internal division of the project and the process of opening
the Line I D to traffic into phases has not been stabilised unambiguously; it
will be a subject of further design preparation.

A total of 10 metro stations have been included into the design of the first
operational section of the Line D, i.e. the Hlavni Nadrazi, Namesti Miru, (the
crossing with the Line A), Ndmésti Bratfi Synku, Pankréc, (the crossing with
the Line C), Olbrachtova, Nadrazi Kr¢, Nemocnice Kr¢, Nové Dvory, Libu$
and Pisnice stations.

It will be possible to design 60 — 100m long trains for the Line D, consi-
dering the transport demand. The line will be serviced by a new depot in Pis-
nice with a planned capacity of 20 trains 100m long.

The newest documentation prepared by METROPROJEKT Praha a.s. in
2004 in two variants agrees with the positions of stations and general hori-
zontal alignment of this line determined by previous studies.

The dissected topography of Prague, the considerable differences in ele-
vations of individual valleys and terraces above them (e.g. the Vltava River
valley, Nusle valley, Pankrdc terrace, Kr¢ valley, Nové Dvory and Libu§




Tuel

POPIS TRASY

Zakladn{ rozsah, respektive plsobnost tohoto dseku trasy D s oznacenfm
ID, je nyni chdpdn v rozsahu Pisnice — Hlavni nddraZz{. Varianty feen{ jsou
pak zaméfeny zejména na pouzity systém dopravniho prostiedku a s tim
souvisejici korekce v detailu smérového a zejména vyskového vedent trasy.
Soucasné je sledovéna otdzka kompatibility s ostatnimi druhy kolejové
dopravy PID s moZnosti piipadného vyuZiti systému v regiondlnim méritku.

Vyge uvedeny rozsah trasy je odlisny od predpokladi UPn hl. m. Prahy
a predstavuje prakticky sloudeni puvodné uvaZovanych dvou provoznich
tiseka trasy (ID Namésti Miru — Nové Dvory a IID Nové Dvory — Pisnice)
s prodlouZenim o jeden mezistani¢ni Usek severnim smérem (&dst pavodné
uvazovaného useku IIID) do stanice Hlavni nadrazi. Vnitini etapizace
vystavby a postupného zprovoznéni trasy ID dosud nenf jednozna¢né stabi-
lizovdna a bude predmétem dalsi projek&ni pripravy.

Na prvnim provoznim useku trasy D je navrzeno celkem 10 stanic metra,
a to: Hlavni nadrazi, Ndmésti Miru (kiiZeni s trasou A), Ndmésti brati{
Synku, Pankrdc (kiiZeni s trasou C), Olbrachtova, Nadraz{ Kr¢, Nemocnice
Kr¢, Nové Dvory, Libus a Pisnice.

Na trase D bude moZné uvazovat s ohledem na pfepravni poptdvku s pro-
vozem vlaku délky cca 60-100 m. Obsluhovat ji bude nové depo v Pisnici,
jehoZ kapacita se predpoklddd 20 souprav délky 100 m.

Nejnovejsi materidl zpracovany firmou METROPROJEKT Praha, a. s.,
v roce 2004 ve dvou variantéch potvrzuje jiz difvéj$imi studiemi lokalizova-
nou polohu stanic a rdmcovy smérovy prubéh trasy.

Clenity terén Prahy, znatné vyskové rozdily jednotlivych tidoli a teras nad
nimi (napt. ddoli Vltavy, nuselské tidoli, pankrédcka terasa, kr¢ské ddoli, tera-
sa Novych Dvort a Libuse atp.), to vie klade velké ndroky na vyvinut tras
klasickych kolejovych systémi. V oboru kolejovych systémi MHD pak
zejména trasy klasického metra se svymi ndvrhovymi parametry (smérovy
oblouk o poloméru R = 500 m, stoupéni do 40 %/, stanice v piimé ¢i do polo-
méru R = 800 m) se jen velmi tézko prizpasobuji ndroénému terénnimu reli-
éfu, coz ve svém dusledku mnohdy znamend stanice uloZené ve znatnych
hloubkdch, néro¢né pristupové cesty, Casové ztréty cestujicich a velké pro-
vozni néklady zejména eskaldtort (viz obr. 2).

V ndvaznosti na vyse uvedené a s ohledem na skutecnost, Ze nebyl zad4-
nim urcen konkrétni systém ¢i vozidlo, byly v dvodu praci formulovany
zékladni navrhové parametry pro trasy tzv. lehkého metra:

Smérové oblouky v trase ............. obecné R>305 m (80 km/hod)
Smérové oblouky

vestanici ........... min R= 300 m (pfi max. délce ndstupisté 100 m)
Maximalni stoupdni v trase ................ .. 60 %00
Maximaln{ stoupdni ve stanici ............. ... .. 15 %0

Varianta 1 prestavuje pojeti trasy D v systému ,klasického metra“ ve
smyslu zdsad UPn hl. m. Prahy s vyjimkou celkového rozsahu trasy ID a jeji-
ho odklonéni z ptivodné sledované polohy stanice Zélesi do stanice Nemoc-
nice Kr¢. Provozni délka trasy v této variant€ je 10,2 km.

Varianta 2 je feSena v pojeti ,,lehkého metra“. Z hlediska smérového pru-
béhu trasy respektuje trasu klasického metra (Varianta 1), avsak jednotlivé
stanice jsou podle lokélnich moZnosti vice priblizeny k povrchu. Stanice Zle-
sf je podobné jako v piipadé Varianty 1 nahrazena stanici Nemocnice Kr¢.
Stanice Hlavni nddraZi je ve vazbé na uvazovanou urbanizaci prilehlého
tizemi situovdna v odsunuté poloze severozdpadnim smérem do tésné bliz-
kosti drdznich ploch. Provozni délka trasy v této varianté je rovnéz 10,2 km.
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terraces, etc.) puts heavy demands on the design of the alignment for lines
using traditional rail systems. Within the scope of rail systems used for urban
mass, traditional heavy metro rail lines with their standard design parameters
(horizontal curve diameter R = 500m, rising gradient up to 40w, stations on
straight line or up to a radius R = 800m) are especially difficult to accom-
modate to Prague terrain configuration. This often results in stations placed
at great depths, with demanding access roads, time losses for passengers, and
significant operational costs, incurred namely due to escalators (see Fig. 2).

With respect to the above problems and because of the fact that the order
had specified neither a particular system nor a vehicle, the following basic
design parameters of a light rail mass transit system were formulated at the
beginning of the work on the design:

Horizontal curves

onarunning track ............... in general R = 305m (80km/hour)

Horizontal curves

atastation ......... min R = 300m (at max. platform length of 100m)

Maximum rising gradient on a running track .................. 6000

Maximum rising gradient ata station ........................ 15%00

The variant 1 represents the conception of the Line D as a “traditional
metro” in the meaning of the principles developed by the planning depart-
ment of the City of Prague, excepting the overall extent of the Line I D and
the route deviation from the originally intended Zalesf station to the Nemoc-
nice Kr¢ station. The operational length of this variant amounts to 10.2km.

The variant 2 deals with a light rail mass transit concept. Regarding the
horizontal alignment, it keeps the horizontal alignment designed for the tra-
ditional metro (Variant 1), but individual stations are closer to the surface, as
allowed by local conditions. The Zdlesf station is, similarly as in the variant
1, replaced by the Nemocnice Kr¢ station. The Hlavni NédraZ{ station is situ-
ated in a position set off in the northwest direction to the close vicinity of rail-
way areas. The operational length of this variant of the route is also of
10.2km.

It must be added for the sake of completeness that also legislative issues
will probably have to be solved should the light rail system or another simi-
lar system be introduced. The technical level of today produced trains elimi-
nates differences between metro cars and tramway cars. The LRT or light
metro conception has been used for rather a long time. Those trains are capa-
ble of safe operation in the conditions of tramlines while providing travelling
comfort of traditional metro. No explicit regulations exist currently for this
track conception. The main issues are the spatial arrangement of railway
structures and geometrical configuration of rails; the current regulations valid
for tramlines allow more economic alignment, differing clearance profiles for
the tramline and metro, and other aspects. The Ministry of Transport, the
Department of Railway Tracks and Railway Transport, are not preparing any
regulation for the light metro or LRT. It would certainly by possible to start
from regulations used in other EU member countries.

DESCRIPTION OF THE VARIANT 1 STATIONS

The Pisnice Station

The Pisnice station is very important both for the overall line D and the
southern sector, but also, above all, for the onward transport services opera-
ting outside the agglomeration. This is because the station will become
a large traffic terminal for buses and for car traffic. At the same time, the sta-
tion is likely to be a three-rail terminal. Running rails continue further as
a connecting track to the planned depot for the Line D in Pisnice. This arran-
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Fig. 2 Exaggerated longitudinal profile line 1.D of the Variant 1 and 2
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Pro dplnost je tieba v této souvislosti dodat, Ze s pripadnym zavedenim systé-
mu lehkého metra ¢i obdobného systému bude moZnd nutné fesit i otdzky legis-
lativni. Technickd droven dnes vyrdbénych vozidel stird rozdily mezi vozidly
metra a vozidly tramvaji. JiZ del$i dobu se prosazuje a uziva pojem LRT respek-
tive lehké metro. Tato vozidla jsou schopna bezpe¢ného provozu v podminkdch
tramvajovych tratf, i kdyZ svou charakteristikou umoznuji dopravni komfort
klasického metra. Pro takto pojimanou drdhu v sou¢asné dob¢ neexistuji jedno-
znacné predpisy. Jde zejména o prostorové usporddani staveb drahy a geome-
trické usporadani koleji, kde soucasné predpisy pro tramvajové trati umoznuji
trat’a dalsi souvislosti. Ministerstvo dopravy — odbor drah a Zelezni¢ni dopravy
— Z&dny predpis pro lehké metro nebo LRT nepripravuji. Samoziejme by bylo
moZné vyjit z predpist uZivanych v jinych zemich EU.

POPIS JEDNOTLIVYCH STANIC VARIANTY 1

Stanice Pisnice

Stanice Pisnice ma zna¢ny vyznam, a to jak pro celou trasu a jizn{ sektor,
tak predev§im pro ndvaznou dopravu z aglomerace. Stane se totiz velkym
dopravnim termindlem pro autobusy a pro individualni automobilovou dopra-
vu. Zaroven bude stanice pravdépodobné dlouhodobé koncovi s tifkolejnym
uspordddnim. Tratové koleje pokracuji jako koleje spojky do uvazovaného
depa trasy D — depa Pisnice. Toto uspordddni je vhodné pri definitivnim
ukonceni trasy D v tomto prostoru. Stanice je 8,30 m pod trovni terénu, hlou-
bend s ostrovnim ndstupistém a dvéma povrchovymi vestibuly.

Stanice Libu§

Stanice svou polohou odpovidé zdsaddm tzemniho planu. Pfiléhd k Novo-
dvorské ulici v protilehlé partii sidli§té Libus a jejiho centra vybavenosti. Sta-
nice je navrzena jako jednolodni raZend v hloubce cca 25 m pod terénem,
s jednim povrchovym vestibulem orientovanym jiznim smérem k podchodu
pod Novodvorskou ulici.

Stanice Nové Dvory

Je fesena jako razend, TK cca 34 m pod terénem, se dvéma vestibuly. Typo-
vé se jednd o podzemni raZenou jednolodni stanici se dvéma vestibuly, s moz-
nou funkei do¢asné koncové stanice. Severnt, hlavni vestibul se vaze k Dury-
chove ulici jako mistu, kde je zajiSténa prestupni vazba k ndvazné doprave.
Jizni vestibul orientovany k Chynovské ulici je navrzen jako povrchovy,
s moznosti pozdejstho zakomponovani do nové urbanistické struktury.

Stanice Nemocnice Kr¢

Stanice je navrzena jako hloubend s ostrovnim néstupistém, ze kterého
vedou vertikdlni komunikace na obou koncich do dvou vestibulu. Oba vesti-
buly jsou pojaty jako lehké prosklené pavilony jehlanovitého tvaru. Hloubka
stanice je 13,0 — 15,5 m pod terénem.

Stanice Nddraz{ Kr¢

Na této trase jedind povrchova stanice mé bo¢ni nastupisté a dva povrcho-
vé vestibuly. Je ¢dste¢né na mostni konstrukei prekracujici Kunraticky potok
mezi rychlostni komunikaci ,,Jizn{ spojkou‘* a mezi aredlem Zelezni¢n{ stani-
ce Praha-Kr¢. Prestoze z hlediska obratu cestujicich bude Nddrazi Kr¢ asi
nejméné zatiZenou stanici trasy D, spo¢ivd jeji nesporny vyznam v nezpo-
chybnitelném duleZitém prestupu na Zeleznici v souvislosti s tvorbou systé-
mu prazské integrované dopravy (PID) a s postupnym zavadénim intervalo-
vé méstské Zelezni¢ni dopravy.

Druhym, neméné duleZitym aspektem urbanistického feSeni stanice Nad-
razi Kr¢ je fakt, Ze diky dvéma protilehlym povrchovym vestibulim a nava-
zujicim pésim podchodum (severni pod rychlostni komunikacf ,,Jizn{ spojka“
a jizni pod kolejistém Zelezni¢niho nddrazi) umoZznuje stanice metra vzdjem-
né propojeni tizemi severné od JiZni spojky, zelenych ploch okolo puvodni-
ho zdmecku a podél potoka, a izem jizné od nadrazi, kterd jsou dnes od sebe
zcela izolovéna. Stanice metra tak zpristupni existujici plochy zelené pro pési
a pomuZe tak prekonat stdvajici urbanistické bariéry v podobé dvou skoro
rovnobéznych liniovych dopravnich staveb.

Obr. 3 Stanice Kr¢ — architektonicky ndvrh
Fig. 3 Perspective view of the Nddrazi Kr¢ Station
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gement is suitable in the case of the Line D definitively terminating at this
location. This cut and cover station, which is designed to have an intermedi-
ate platform and two surface concourses, is at a depth of 8.30m under the
ground surface.

The Libu§ Station

The position of the Libus station is designed in compliance with the prin-
ciples of the town planning scheme. It is in the neighbourhood of Novodvor-
skd Street, across the Libus residential area and its servicing facilities centre.
The station is designed as a mined single-span structure, at a depth of about
25m under the ground surface, with one at-grade concourse oriented toward
the south, toward a pedestrian subway under Novodvorska Street.

The Nové Dvory Station

This station is designed as a mined station, the top of rail (TR) about
34.0m under the ground surface, with two concourses. It is of an underg-
round, mined, single-span, two-concourse type, capable of functioning as
a terminus. The northern, main concourse is connected to Durychova Street,
which is a place where a transfer link to onward means of transport is provi-
ded. The southern concourse is oriented toward Chynovska Street. It is desig-
ned as an at-grade structure, which will be easy to incorporate to the new
urban structure in the future.

The Nemocnice Kr¢ Station

The station is designed as a cut-and-cover structure, with an intermediate
platform connected at the ends with concourses via vertical roads. Both con-
courses are designed as lightweight glazed pyramid-shaped pavilions. The
station is 13.0 — 15.5 deep under the surface.

The N4drazi Kr¢ Station

This is the only at-grade station on this line. It has side platforms and two
at-grade concourses. It is built partially on a bridge structure spanning Kun-
ratice Brook between the “Southern Connection” expressway and the area of
the railway station Prague — Kr¢. Despite the fact that the station is likely to
be the least exploited station of the Line D in terms of the volume of passen-
ger traffic, its undisputed significance lies in the unquestionable importance
of the transfer to railway in the context of the development of the Prague inte-
grated transit system and gradual implementation of an interval urban railway
traffic system.

The other, not less important town design aspect of the Nadrazi Kr¢ stati-
on is the fact that owing to the pair of opposite at-grade concourses and con-
nected pedestrian subways (the northern subway is under the “Southern Con-
nection” expressway, and the southern under the station yard) the metro sta-
tion allows the interconnection of the area found north of the Southern Con-
nection, the grassed areas around an original manor-house and along a stre-
am, and areas south of the railway station, which are today completely isola-
ted from each other. In this way the metro station will make the green areas
accessible for pedestrians, thus it will help to overcome the existing urban
barriers formed by a couple of nearly parallel line traffic structures. A glazed
steel structure of the platform and connected concourses will provide a plea-
sant contrast with the other underground metro stations. Daylight penetrating
to the platform, the possibility to watch surrounding greenery and immedia-
tely adjoining water surfaces from the metro car interior, as well as the night
illumination of the grounds, should represent architectural aspects for overall
cultivation of this, today “forgotten” corner of Prague.

The Olbrachtova Station

This is a mined single-vault station with a pair of side platforms. It is situ-
ated under Na Strzi Street, with the top of rail (TR) level about 26.0m under
the ground surface. The only at-grade concourse hall is placed to the free
space of the south-western quarter of the intersection of Jeremenkova, Olb-
rachtova and Na Strzi Streets.

The Pankrac Station

This single-vault mined station with side platforms and the TR level about
33.0m under the ground surface is situated in the close vicinity of the cut-and-
cover station existing on the Line C, in an area limited on one side by the
intersection of Na Pankrdci and Na StrZi Streets. The construction will crea-
te a passenger interchange node comprising the station on the Line C and the
station on the Line D.

The Namésti Bratii Synku Station

This is a structure where combined techniques are to be utilised. The
30m long part of the station that is situated at a shallow depth under existing
buildings is an atypical double-vault mined structure with load bearing pillars
in the centre of the platform. The station is situated to the flood plain of Boti¢
Brook, and a major portion of the tunnel profile will extend into saturated flu-
vial sediments. A special microtunnelling technique is therefore being under
consideration, i.e. a continuous canopy consisting of micro-tunnels installed
along the profile of the future station tunnel to stabilise the subsequent parti-
al excavation faces. The other part is situated outside the building. It is
a large-span cut-and-cover structure with 2 rows of internal columns. The TR
level is about 11.0m under the ground surface. The station has side platforms




Prosklend ocelové konstrukce nastupi§té a navazujicich vestibuli bude
predstavovat prijemny kontrast oproti ostatnim podzemnim stanicim metra.
Prinik dennfho svétla na ndstupisté, moZnost pozorovat okoln{ zelen i bez-
prostfedné navazujici vodni plochy z interiéru soupravy metra a vecerni
osvétleni aredlu by mély predstavovat duleZité architektonické aspekty pro
celkovou kultivaci tohoto dnes ,,zapomenutého** zakouti Prahy.

Stanice Olbrachtova

Je razend jednolodni stanice s dvojici bo¢nich ndstupist, situovana pod
ulici Nastrzi, s TK cca 26 m pod terénem. Jediny povrchovy vestibul je umis-
tén do volného prostoru jihozdpadniho kvadrantu kiiZovatky ulic Jeremen-
kovy, Olbrachtovy a Na StrZi.

Stanice Pankrdc

Jednolodni raZend stanice s bocnimi ndstupisti, s TK v hloubce cca
33 m pod povrchem terénu, je situovand v t€sné blizkosti hloubené stanice na
trase C v oblasti ohrani¢ené z jedné strany kiizovatkou ulic Na Pankraci a Na
Strzi. Vznikd tak prestupni uzel tvoreny stanici na trase C a stanici na trase D.

Stanice Namésti bratif Synku

Po stavebné technické strance se jednd o vyuziti kombinovanych techno-
logif, kdy ¢ést stanice situovand mélce pod stdvajicimi budovami v délce
30 m je atypickd dvoulodni razend konstrukce s nosnymi pilifi uprostred
ndstupisté. Stanice je situovdna do ddolni nivy BotiCe a prevdznd ¢ést profi-
10 tuneld bude zasahovat do zvodnélych fluvidlnich sedimentd. Pfi razbé
tohoto tseku stanice je proto uvazovéno se specidlni technologii mikrotune-
lovéni. To znamend, Ze po obvodu budouciho profilu stanice se vytvori sou-
visld klenba z mikrotunelt, kterd zajiSthje stabilitu ndsledné provddénych dil-
Cich vyrubt. Druhd &dst situovand mimo budovy je halovd hloubend kon-
strukce s dvéma fadami vnitinich sloupa. Hloubka TK pod terénem je cca
11 m. Stanice md ostrovni néstupisté a dva vestibuly. Jizni povrchovy vesti-
bul je situovédn piimo do prostoru ndmésti bratif Synku.

Stanice Ndmésti Miru

Stanice Ndmésti Miru se stredem situovanym s TK v hloubce cca
40 m pod terénem je feSena jako raZend jednolodni stanice s ostrovnim nastu-
pistém s primym prestupem na trasu A a se dvéma vestibuly, situovanymi
k vydsténi ulice Sdzavskd na Vinohradskou tfidu a k vyusténi ulice Sdzavské
do Francouzké ulice. Je tak umoZnén primy prestup z trasy D i z trasy A na
vSechny tramvajové linky v dané oblasti. Bezbariérovy pristup z terénu na
ndstupiSté trasy D i trasy A zajiStuji svislé vytahy ustici do Korunni tfidy
a ndstupisté na obou trasdch jsou rovnéZ propojena vytahem.

Stanice Hlavni nddrazi

Jednou z rozhodujicich dopravnich staveb celoméstského vyznamu, kterd
vyrazné ovliviiuje moznosti vyuziti prestavbového tGzemi v jihozdpadnim
kvadrantu kfizovatky ulic Seifertova, Italskd je i pldnovand trasa metra D,
respektive stanice metra Hlavni nddrazi. Stanice bude realizovana pod
ochrannou konstrukei ve tvaru obrdceného ,,U*. Tato konstrukce slouzi jed-
nak pro zaloZeni komerénich objektd budovanych v predstihu, taktéZ pro
naslednou ,,vestavbu‘ stanice metra. V ochranné konstrukci investor nad-
zemni Cdsti stavby zajisti technickou realizovatelnost potiebnych prostupt
pro potieby vytsténi vertikdlnich komunikaci ze stanice (severni vestibul)
a pro realizaci piijezdovych ramp ke stavbé metra.

POPIS VARIANTY 2

Zdkladnim principem této varianty je max. pribliZeni trasy lehkého metra
k povrchu: Ve vazbé na uZité vozidlo se sleduje mensi prijezdny prifez, vétsi
podélné sklony v trase (pfizpusobent trasy terénu za Gicelem zlevnéni vystav-
by) a pripadny automaticky provoz.

Prostorové usporadani stanic je totozné jako ve varianté 1, stanice jsou
vSak priblizeny vice k povrchu do polohy, kterou dovoluje max. mozné
podélné stoupdni trasy v ramci daného terénniho reliéfu. V pripadé stanic
Namésti Miru a Namésti bratii Synku zustdvé rovnéZ i jejich vyskova polo-
ha totoZnd s variantou 1, nebot’stanici Némésti bratii Synku jiZ nelze k povr-
chu vice pribliZovat z prostorovych divodi a u stanice Namésti Miru je pri-
oritn{ krétkost prestupni vazby ke stanici trasy A.

Obecné z hlediska smérového vedeni ve varianté 2 1ze konstatovat, 7e trasa
kopiruje stopu varianty 1, to znamend, Ze ndvrhové parametry jsou plné kom-
patibilni s klasickym metrem. Pokud se tykd sklonovych poméri jsou
v Useku Pankrac — Hlavni nddraZ{ ponechany z duvodu praktické neménnos-
ti vyskového uloZeni stanic, dle ndvrhu varianty 1, tedy opét pIné kompati-
biln{ s klasickym metrem. V tseku Nové Dvory — Pankrdc jsou pak v ndvr-
hu pouzity sklony vétsi nez 40 %o. Tim je dosaZeno pribliZzeni stanice Nové
Dvory k terénu o cca 14 m (TK - 19 m, stanice v3ak zustava razena, trojlod-
ni) a stanice Olbrachtova o cca 12 m (TK —14 m, stanice je feSena jako hlou-
bend). Zvednuti stanice Nové Dvory s sebou piineslo moZznost priblizit
k terénu i stanici Libus (TK - 12 m, stanice feSena jako hloubend).

ING. JIRI RUZICKA e-mail: ruzicka@metroprojekt.cz,
ING. VLADIMIR CIGANEK, e-mail: ciganek@metroprojekt.cz,
METROPROJEKT PRAHA, a. s.
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Obr. 4 Pri¢ny profil raZené asti stanice Namésti bratii Synku
Fig. 4 Cross section through the mined part of the Namésti Bratii{ Synku Station

and two concourses. The southern at-grade concourse is situated directly to
the space of Bratii Synka Square.

The Nédmésti Miru Station

The Ndmésti Miru station with the TR level at a depth of roughly
40.0m under the ground surface is designed as a mined single-vault station
with an intermediate platform, with direct transfer to the Line A, and with two
concourses situated towards the points where Sdzavska Street meets Vino-
hradskd Avenue and Francouzskd Street respectively. This design allows
direct transfer from the Line D and Line A to all tramlines in the given area.
The barrier-free access from the ground level to the platform of the Line D is
provided by vertical lifts with their entrances in Korunni Avenue. The plat-
forms on the lines D and A are also interconnected by a lift.

The Hlavni Nddrazi Station

One of the deciding traffic structures important for the whole city, which
significantly affects the possibilities of making use of the area of reconstruc-
tion existing in the south-western quarter of the intersection of Seifertova
and Italskd Streets, is also the planned metro Line D, or the metro station
Hlavni Nddrazi. This station will be built under an inverted U-shaped pro-
tective structure. This structure will allow both the commercial buildings that
are to be built in advance of the metro to be founded, and the metro station
to be constructed subsequently inside this space. The client for the above
ground part of the project will take care of technical feasibility of execution
of openings in the protective structure required for the passage of vertical
routes leading from the station (the northern concourse) and for the access
ramps built for metro construction purposes.

DESCRIPTION OF THE VARIANT 2

The basic principle of this variant is the effort to get the light metro align-
ment as close to the surface as possible. The aim of utilisation of smaller
vehicles is to achieve a smaller clearance profile, steeper longitudinal gradi-
ents along the route (accommodation of the alignment to the terrain configu-
ration so that the project is cheaper) and possibly automatic operation.

The spatial design of the stations is identical with the design used in the
variant 1, although the stations are placed closer to the ground surface, to
a position that is allowed by the maximum longitudinal gradient possible in
the framework of the given terrain configuration. Regarding the Namésti
Miru and Némésti Brati Synku stations, even the elevation remains the same
as the elevation used in the variant 1. The reason is that the Namésti Brati{
Synka station cannot be closer to the surface because of the existing structu-
res in the underground space, and the priority for the Namest{ Miru station is
to have short transfer relationships to the existing station on the Line A.

In general, from the aspect of the horizontal alignment designed in the
variant 2, it can be stated that the alignment copies the trace of the variant 1,
which means that the design parameters are fully compatible with a traditio-
nal metro system. Regarding the gradients, for the reason of virtual invaria-
bility of the elevation of the stations within the section Pankrdc — Hlavni Nad-
razi, the route gradient is left identical with that designed in the variant 1. It
is therefore again fully compatible with the traditional metro. Gradients over
40°00 are designed for the section Nové Dvory — Pankréc. This solution gets
the Nové Dvory station closer to the ground surface approximately by
14m (TR - 19m, the station remains to be of the mined three-vault type) and
the Olbrachtova station roughly by 12m (TR — 14m, cut-and-cover design).
The risen station Nové Dvory allowed also the Libus station to get closer to
the surface (TR — 12m, cut-and-cover design).

ING. JIRI RUZICKA e-mail: ruzicka@metroprojekt.cz,
ING. VLADIMIR CIGANEK, e-mail: ciganek@metroprojekt.cz,
METROPROJEKT PRAHA, a. s.
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KOLEKTORY V PRAZE
UTILITY SUBWAYS IN PRAGUE

JAN SOCHUREK

ZAKLADNI UDAJE

Region Hlavni mésto Praha
Investor Hlavni mésto Praha
Projektant INGUTIS, spol. s 1. 0.
Uzivatel Kolektory Praha, a. s.
uvoD

V Praze bylo v poslednich 50 letech postaveno mnoho kilometrti kolekto-
rovych tras (do soucasnosti je to celkem asi 90 km, z toho raZenych asi
15 km v centru Prahy), které diky své koncepci a vzniklé legislativé patif
k jedném z technicky nejdokonalejsich na svéte.

Podstatnou prednosti kolektorovych tras je predchézet nenaddlym
Skoddm zpusobenym vykopovymi pracemi, {imZ je zvySovédna bezpe€nost
pred nésledky néhlych havdrii, jako napf. vybuchu plynu, poruseni vodo-
vodniho potrubi, atd. Sité je moZno prubézné sledovat, vizudlné kontrolo-
vat, a tak predchdzet vy$e uvedenym havdriim, coz uloZeni v chodniku
nebo vozovce neumoziuje. Sledovéani provozu kolektoru je jednoduché
pomoci pocitacové techniky propojené s modernimi monitorovacimi systé-
my nepretrZité 24 hod.

Toto vSe veetné skuteCnosti, Ze prce pri stavbé probihaji prevdzné v pod-
zem{ jako razené dilo bez dopadu na povrch a na provoz, md kladny vliv
nejen na Zivotni prostredi, ale i na Zivot obyvatel mesta.

Prospésnost kolektoru, které znamenaji z poddtku (na prvni pohled) vyso-
ké investice, je béhem Casu rychle potvrzena komerénim vyuZitim mista
v kolektoru, coZ bylo prakticky prokdzino na jiz realizovanych stavbach
kolektort v Praze.

Dulezitym prvkem pro rozvoj kolektorové sité je uvazovany systém
a vyhledovy zdmér celé sité kolektort, podle kterého se jednotlivé dseky daji
finan¢né pldnovat a po realizaci pak uvadét do samostatného provozu. Timto
pldnovacim dokumentem byl v minulosti ,,Generel kolektorizace centralni
oblasti Prahy* (vydén v roce 1982, dal3i v roce 1984 a posledni v roce 1991),
dle néhoZ bylo v minulosti realizovano nékolik kolektora 2. a 3. kategorie.
Pro pldnovini rozvoje kolektorové sité na dalsi obdobi, kterd jsou stanovena
do roku 2010 a po roce 2010, by méla slouZit vypracovand planovaci doku-
mentace kolektorové sité (z roku 1999), kterd je souésti ,,Urbanistické stu-
die prazské pamdtkové rezervace™, a ta je i podkladem tzemntho planu této
oblasti, piipadné slouZi jako podklad i pro regula¢ni plany dil¢ich méstskych
Casti. Dal3f etapa studie kolektorizace v rozsifené oblasti i do mestskych &asti
mimo hranice prazské pamdtkové rezervace byla dokonena a predéna
v listopadu 2005. Jednd se o novy dokument, ktery dopliuje tizemni pldn
kolektorové sité z roku 1999 o nové rozvojové oblasti.

KONCEPCE RESENI KOLEKTOROVYCH SYSTEMU

V CENTRALNI CASTI HLAVNIHO MESTA PRAHY

Koncepce kolektorovych systému v centralni ¢dsti Prahy je zaloZena
s ohledem na rozlohu predmétného prostoru, to jest na principu uloZenf siti
podle toho, zda maji vyznam pro celou centrdlni ¢dst, nebo pouze pro tzce
vytéenou oblast. Jednd se o dva typy rozvodu, z nichZ prvy slouZzi pro prive-
deni média nebo informacni cesty do centrdlni oblasti a rozvedeni do uzlo-
vych bodu a druhy pro piimy rozvod ke konkrétnim odbératelim ¢&i klientim
do jednotlivych nadzemnich objekta.

Prvné uvedené sité jsou vlastné paternimi systémy 2. kategorie. Druhou
skupinu tvoif rozvody z téchto napojeni zajisthjici zdsobovéni nebo spojent
konkrétnich odbératelu a dcastniku. Jednd se tedy o sité 3. kategorie. Podle
tohoto kliCe je feSena i koncepce kolektorové sité s tim, Ze i oznacenf kolek-
tort je odvozeno od uloZenych siti a rozeznadvame tedy:

® Kolektory 2. kategorie — paterni

@ Kolektory 3. kategorie — distribucn{

KOLEKTORY 2. KATEGORIE

Tyto péterni kolektory jsou situovdny do hloubek cca 25 az 30 m pod
upravenym terénem, tedy jejich trasy nekoliduji s dloZnymi systémy inZe-
nyrskych siti a je mozno navrhnout co nejpriméjsi propojeni jednotlivych
bodu, které urcuji kudy je tfeba dilo vést s potfebou dopravit tam média
nebo zajistit spojové a informacni cesty.

BASIC DATA

Region the City of Prague
Employer the City of Prague
Designer INGUTIS, spol. s r.o.
User Kolektory Praha a. s.
INTRODUCTION

Many kilometres of utility subways have been built in the City of Pra-
gue during previous 50 years (about 90km in total, including 15km of
mined tunnels in the Prague downtown). Owing to their conception and
relevant legislation, they belong among the best utility subways in the
world from the technical point of view.

Significant advantage of utility subway routes is the fact that this solu-
tion prevents damages caused by excavation of trenches; thus the safety
against consequences of sudden emergencies, e.g. explosion of gas, major
water main bursts, etc. is enhanced. The utility lines can be followed con-
tinually and inspected visually so the above-mentioned incidents are pre-
vented. This is impossible in the case of the placement under a pavement
or roadway. The operation of a utility subway can be monitored continu-
ously, round-the-clock, simply using computer-based techniques intercon-
nected with up-to-date monitoring systems.

All of this, including the fact that the construction work is carried out
mostly underground, without any impact on traffic, affects positively not
only the living environment, but also the living of residents.

The benefits of utility subways, which require seemingly too large volu-
mes of investment at the beginning, become visible in a short time of com-
mercial utilisation of the space in the subway. This has been proven on uti-
lity tunnel projects completed recently in Prague.

An element significant for the development of a network of utility sub-
ways is the intention to execute the financial planning, construction and ope-
ration of individual sections of the future system separately. The planning
document dealing with this issue was the “Master Plan for development of
the network of utility subways in the central area of Prague” (issued in 1982,
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Obr. 1 Vzorovy pri¢ny rez kolektorem 2. kategorie — typ B
Fig. 1 Typical cross section through the 2nd category utility tunnel — type B
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Obr. 2 Vzorovy pricny rez kolektorem 3. kategorie — typ A
Fig. 2 Typical cross section through the 3rd category utility tunnel — type A

Vstupy a vystupy siti na tomto systému jsou feSeny pomoci Sachet, které
je spojujf bud pifmo s povrchem, nebo s kolektorem 3. kategorie, Casto pak
povrch s obéma kolektory soucasné. Posledné jmenované feseni je vyhodné
hlavné proto, Ze sdruzuje dopravni a tnikové cesty obou systému.

KOLEKTORY 3. KATEGORIE

Kolektory 3. kategorie, tedy distribucni slouZici pro rozvedent siti do povr-
chovych objektu, jsou situovany do hloubek cca 6 az 11 m. Limitujici pro
volbu zaloZeni stavby jsou hlavné prubéhy stavajicich stokovych siti, kanali-
zalnich rozvodu, v¢. pripojek a tvédrnicovych trati sdélovacich a informad-
nich systému.

Podle konfigurace povrchové zdstavby a pozadavki na Cetnost ukladanych
sitf se zfizuje bud jeden kolektor s oboustrannymi pripojkami, nebo kolekto-
ry dva, kazdy pri jedné Cdfe zastavéni s jednosmérnymi piipojkami. Navic se
pak realizuji pfi¢nd propojeni obou soub&znych kolektort 3. kategorie
z divodu nutného dilétho zokruhovéni nékterych inZenyrskych siti.

Vstupy a vystupy siti jsou feSeny tak, jak je uvedeno v predchozi kapitole
s tfm, Ze je snahou navrhovatele trasy zajistit pruchozi propojeni i mezi sou-
sednimi stavbami kolektort jak 2., tak 3. kategorie. Pokud toto nelze fesit
prachozim profilem s poZadovanou svétlosti pro pohyb osob, fef se takovy
propoj systémem sestavy chréni¢ek umozriujicich alespori prachod siti — tyka
se pouze 3. kategorie.

Spojeni kolektoru 3. kategorie s objekty na povrchu je feSeno tak, Ze
z kolektorové pripojky jsou provedeny vrty, které podle cilového mista, kde
md sit’ prejit k odbérateli nebo dcastnikovi, sméfuji do suterént, do prujezdu,
nebo pred objekt do chodniku.

LIMITUJICI FAKTORY PRO NAVRH VEDENI
KOLEKTOROVYCH TRAS

Limitujici faktory, které zdsadné ovliviuji jednak smérové vedeni, jednak
vyskové vedeni tras kolektora 3. kategorie, lze roz¢lenit do nésledujicich
okruhu problematik:

@ usporddani technologickych profili sdruzené trasy podle problémovych

nérokd na pocet uloZenych sitf,

@ velikost vyrubu tunelu a jeho zajisténi podle technologie razby a sklad-

by ostén tunelu,

@ vliv prilehlé zdstavby (charakter objektu, hloubka zaloZeni, celkovy sta-

ticky stav),

@ vliv stavajicich inZenyrskych siti (hustota uloZeni, stav, event. preloZi-

telnost),

@ ndroky na feSeni mistnich komunikaci a zachovéni dopravy na povrchu

v¢. mestské hromadné dopravy,

® geologické a hydrogeologické poméry,

@ statické aspekty — pripustné deformace na okolni zdstavbé a sitich v nadloZi,
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next issue in 1984, last issue in 1991), which was the basis for the construc-
tion of several 2nd and 3rd category utility subways in the past. The plan-
ning of the development of the network of utility subways in the periods to
come, i.e. till 2010 and after 2010, should be controlled by utility subway
planning documents approved in 1999, which are part of the “Town-Plan-
ning Study for the Historic Prague Reserve”. This study is also the basis of
the Land-Use Plan for this area or serves as a basis for partial regulation
plans of city districts. Another phase of the study covering utility subways
in an extended area, i.e. in city districts outside the Historic Prague Reserve
area, was completed and submitted in November 2005. It is a new document
that adds new development areas to the 1999 land-use plan for the utility
subway network.

THE CONCEPTION OF THE SOLUTION OF UTILITY SUBWAY
SYSTEMS IN THE CENTRAL PART OF PRAGUE

The conception of utility subway systems in the central part of Prague
is developed taking into consideration the extent of the space in question.
A principle of placement of services according to their purpose is applied,
i.e. whether they are designed for the whole central area or for a specifi-
cally delimited area. Two different types of distribution systems are in
question. The first type is designed to carry media or information routes to
the central area and distribute them to nodal points. The direct distributi-
on to particular consumers or subscribers, to individual surface buildings,
is provided by the other type.

The former type of networks are in reality 2nd category arterial systems.
The latter group consists of distribution routes linking to those systems. It
provides supplies or connection for particular consumers and subscribers,
therefore it forms 3rd category distribution systems. The conception of the
utility tunnels is also solved according to this key, including the denomi-
nation of utility subways, which is derived from the utility lines installed.
We therefore distinguish the following types:

@ 2nd category utility subways, i.e. arterial subways

@ 3rd category utility subways, i.e. distribution subways

2ND CATEGORY UTILITY SUBWAYS

These subways are situated to depths about 25 to 30m under the finis-
hed grade level. Therefore their routes do not collide with installation sys-
tems of infrastructure services, and the connection to individual points to
which the media are to be supplied or communication and information
routes are to be led can be designed as straight as possible.

Entries and exits of networks within this system are solved by means of
shafts, which connect them either directly with the surface or via a 3rd
category utility subway, often they also connect the surface with both uti-
lity subways concurrently. The latter solution is advantageous mainly
because it combines traffic and escape routes of both systems.

3RD CATEGORY UTILITY SUBWAYS

The 3rd category utility subways, i.e. the distribution subways carrying
the networks to surface buildings, are situated to depths about 6 to 11 m.
Limiting elements regarding the design of the subway alignment are main-
ly the courses of existing sewers, sewerage lines including house services,
and ducts for communication cables and information systems.

Depending on the configuration of surface buildings and requirements
for the quantity of networks to be installed, either one subway with con-
nections from both sides is designed, or a pair of subways, each of them
along one street boundary line, with connections from one side. In additi-
on, cross connections between two parallel 3rd category subways are built
to allow formation of partial circuits where necessary.

Entries and exits of utility lines are solved as described in the chapter
above. The route designer’s effort is to provide walkways connecting
neighbouring subways of both 2nd and 3rd category. If this structure can-
not be designed as a profile passable for persons, the connection is solved
by a system of casing pipes allowing at least the passage of utility lines
(only 3rd category subways).

The connection between 3rd category utility subways and surface buil-
dings is solved by means of boreholes drilled from the subway connecti-
on ending in basements, passages or in structures embedded in pavements,
depending on the place where the network is designed to pass to the con-
sumer or subscriber.

LIMITING FACTORS FOR THE DESIGN OF THE UTILITY
SUBWAY ROUTE LOCATION

The limiting factors that significantly affect the line and level of 3rd
category utility subways can be divided into the following circuits of issues:
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@ vliv vystavby na zdstavbu a provoz mésta,

@ vliv vystavby na Zivotni prostredi,

@ koordinace se stavbami jinych investort, uvdzeni moznosti sdruZenych

investic v podzemi,

@ prognéza urbanistickych zdméra v tzemi (vetné progndzy rozvoje

inzenyrskych sitf),

@ investin{ ndrocnost, Casovd a materidlovd narocnost.

Ze srovndni téchto kritérii vyplyva zdsadni rozdil mezi podminkami pro
névrh kolektort 2. a 3. kategorie. Pro kolektory 2. kategorie, zpravidla uloZe-
né a razené v primych trasich a ve vétsich hloubkéch ve skalnim podloZi, se
prakticky neuplatni vliv stdvajicich siti a provozu mésta. Limitujici faktory
veden( tras se redukuji na podminky omezeni vlivu razby na deformace povr-
chu a zéstavby, které v§ak mohou byt ve srovnéni s kolektory 3. kategorie roz-
sdhlejsi a s dalekosahlymi negativnimi dusledky. Vyjimkou je pouze vyudsténi
hloubenych Sachet na povrch, kde je kontakt s provozem mésta a sitémi bez-
prostiedni a plné odpovidd limitujicim faktorim kolektort 3. kategorie.

DOPORUCENE, POPR. NAVRHOVANE ZPUSOBY
PROVADENI SDRUZENYCH TRAS

Resené tizemi zahrnuje Starého Mésto, Nového Mésto, Malou Stranu
a Cdst Smichova. Kolektory jsou naddle zarazovany dle ucelu do dvou
kategorii.

KOLEKTORY 2. KATEGORIE

Jsou navrhovany razené pomoci frézy (napf. Eikhof, popf. Alpina) pre-
vdzné ve skalnim podkladu geologickych vrstev prazského algonkia. Vyztu-
zeni dila se navrhuje dle podminek Nové rakouské tunelovaci metody (dale
NRTM) s plnym vyuzitim dulnich rdmaq, stiikaného betonu a prefabrikované
betondiské vyztuze. Definitivni konstrukce kolektoru je tvorena také stifka-
nym betonem s piisadami zajiStujicimi vodotésnost. V podlaze kolektoru je
dle CSN 73 7505 osazena ocelova kolejova drizka pro usnadnéni pohybu,
montdZi a revizi v kolektoru. Parametry sklonu kolektorové trasy se navrhu-
ji tak, aby bylo mozno gravitatné vSechny trasy odvodnit smérem k Sachté
J50 na Staroméstském ndmésti. InZenyrské sité se uklddaji dle jiz dfive
uspesné vyzkousenych zvyklosti z realizovaného kolektoru Centrum I, popt.
kolektorti v Brné.

KOLEKTORY 3. KATEGORIE — DISTRIBUCNI

Kolektory 3. kategorie jsou navrhovany raZené klasicky, razba pomoci
mechanizace s prefabrikovanym osténim se po mnoha pokusech v minulosti
neosvédCila. Pro nové trasy kolektort 3. kategorie lze proto vyuZit zkusenosti
z realizace kolektoru C1A a kolektoru Prikopy, kde bylo docileno v samotném
centru mésta v extrémné slozitych geologickych podminkéch vltavské terasy
vybornych vysledki. Poklesy nadloZi se pohybovaly do max. hodnoty 4 mm,

Obr. 3 Fotografie 7 realizace kolektoru Na Prikopech — vystavba
Fig. 3 A picture from the work on the Na Prikopech utility subway — construction

Tuel

@ configuration of technological profiles of a combined route according
to problematic requirements for the number of utility lines installed,

@ the dimensions of the tunnel excavated cross-section and the excava-
tion support according to the excavation technique and the composi-
tion of the lining,

@ the influence of existing buildings along the route (character of the
structures, foundation depth, overall structural condition),

@ the influence of existing utility networks (density of lines installed,
condition, or possibility to be relocated),

@ demands on the solution of local roads and preservation of surface
traffic including public transportation,

@ geological and hydrogeological conditions,

@ structural analysis aspects, i.e. permissible deformations of existing
buildings and utility services found in the overburden,

@ the influence of the construction on the existing buildings and traffic
in the city,

@ the influence of the construction on the living environment,

@ co-ordination with other projects, consideration of possibility of
combined underground investment projects,

@ prognosis of town planning conceptions in the area (including
a prognosis on development of utility networks)

@ demands on capital, time and materials.

A comparison of the above criteria signals a basic difference between
2nd and 3rd category utility tunnel design conditions. The influence of
existing utility networks and surface traffic virtually does not apply to
2nd category subways, which are usually straight, placed and excavated
at bigger depth, in the bedrock. The set of factors limiting the alignment
design is reduced to conditions restricting the influence of the excavation
on deformations of the surface and existing buildings. This influence,
however, may be more extensive and accompanied with much more seri-
ous negative consequences compared to the influence of the 3rd catego-
ry subways.

RECOMMENDED OR PROPOSED METHODS OF EXECUTION
OF COMBINED ROUTES

The area being solved covers the Old Town, Lesser Town and a part of
the Smichov district. Utility subways are further divided into two catego-
ries, according to the purpose:

2ND CATEGORY UTILITY SUBWAYS

Roadheader (e.g. Eikhof or Alpina) excavation is proposed, mostly
through the bedrock of geological measures of the Prague Algonkian. The
excavation support is designed depending on the conditions of the New
Austrian Tunnelling Method (NATM), fully utilising colliery frames,
sprayed concrete and welded mesh. Final structures of the subway also
consist of sprayed concrete with an admixture ensuring waterproofing.
According to CSN 73 7505, a steel rail track is embedded in the bottom of
the subway to facilitate movement, installation and operations and inspec-
tion. The parameters of the utility subway gradient are designed so that all
routes can be gravity-drained in the direction toward the J50 shaft in Old
Town Square. Utility lines are installed according to the practice well pro-
ven in the utility subway Centrum I or subways in Brno.

3RD CATEGORY UTILITY TUNNELS - DISTRIBUTION

Traditional excavation methods have been designed for 3rd category
utility tunnels because mechanised excavation with prefabricated lining did
not prove to be suitable in the past. This is why the experience gained in the
execution of the C1A and the Piikopy utility subways, where excellent
results were achieved in the very centre of the city, in very difficult geolo-
gical conditions of the VItava River’s terrace, can be applied to new routes.
Maximum measured values of settlement amounted to 4mm with the majo-
rity being close to zero. The excavation through totally incohesive fine
sands at a level just underneath sewers is designed with primary support
consisting of horizontal jet grouted columns. The excavation method is
conventional, using colliery sets or lattice girders and shotcrete with mesh.

The final lining structure is from shotcrete, identical with that of the 2nd
category utility subways. House connections are driven in an uphill gradi-
ent, perpendicularly to building facades. Individual media continue from
the ends of the connections through cased inclined boreholes. Utility sub-
ways designed at shallow depths are excavated by traditional methods
using colliery sections and forepoling with steel lagging. Sprayed concrete
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Obr. 4 Vzorovy pricny rez kolektorem 3. kategorie — vzor Curych
Fig. 4 Typical cross section through the 3rd category utility tunnel — Zurich design

prevaznd vétSina naméfenych hodnot byla blizkd nule. Razba v trovni pod
kanalizaci ve zcela nesoudrznych jemnych piscich je navrhovéna s primdrnim
zajisténim nadloz{ pomoci piliit tryskové injektdZe. Vlastni razba je navrhova-
na klasickd v dulnich rdmech nebo prihradové vyztuzi a s osténim z vyztuze-
ného stitkaného betonu.

Definitivni konstrukce je ze stifkaného betonu jako u kolektort 2. katego-
rie. Domovni piipojky jsou navrZeny razené ,,dovrchné* kolmo na lic domu.
Z konce pripojky se navrhuji ,,dovrchni® vystrojené vrty pro jednotliva
média. Mélce navrZené trasy jsou raZeny klasickym zptisobem s vyztuZenim
dalnimi profily a hnanym paZenim s ocelovymi paZinami. Definitivni ostén{
se navrhuje ze stifkaného betonu, pripojky k domum jsou navrhovany také az
na lic zdiva suterénu. Z pripojek se provadéji vystrojené vrty do mist napo-
jenf inZenyrskych sit.

KOLEKTORY 3. KATEGORIE BUDOVANE V SOUBEHU
S REKONSTRUKCI TRAMVAJOVEHO TELESA

Jde o specifickou metodu realizace distribu¢nich kolektort navrZzenou pro
tiseky kolektort provadénych soucasné s rekonstrukcemi tramvajovych trati.
Program tohoto zpasobu obnovy by mél byt zafazen do Casového planu
rekonstrukcf realizovanych DP — Elektrické drahy.

Konkrétné se jedna o nasledujici navrhované kolektory: kolektor soutéska
Karlovy 1dzn¢, kolektor Letenskd, kolektor Karmelitskd. Kolektor Spalend —
(podmine¢né) a kolektor Je¢nd — (podmine¢né) — ob¢ ulice maji tramvajové
téleso, ale nejsou limitovany §itkou ulice jako predchozi soutésky, proto neni
nutno uvazovat s vySe uvedenou metodou vystavby distribu¢niho kolektoru
v celém prubéhu téchto ulic.

Pro navrh Ize vyuZit zkusenosti z jiZ realizovaného kolektoru ve Svycarsku
ve mésté Curych, jeden z mnoha prikladd pouZiti je v ulici Lowenstrasse. Jed-
noduse feceno se jednd o Zelezobetonové krabicové téleso, které je realizova-
no do paZené oteviené ryhy pod tramvajovym télesem. Stropni Zelezobetono-
vé deska tvorf zdroven podklad pod tramvajové koleje. Konstrukce kolektoru
je definitivni a je ji mozno z licni strany izolovat proti zemni vlhkosti.

Kolektor v Curychu obsahuje kromé plynového potrubi i kanalizaci, v¢.
zadsténi domovnich pripojek. Pifpojky k domiim je moZno realizovat bud
vrtané piimo z kolektoru, nebo provést stejnou, byt'i prefabrikovanou kon-
strukci pifpojkového profilu v pazeném vykopu kolmo k domu. Tento zpu-
sob provadéni kolektoru se nabizi i v téch Castech centra Prahy, kde doslo
v roce 2002 diky povodni k velkym poruchdm na kanalizacich a vodovodech
a pod tramvajovym télesem vznikly diky tomu velké kaverny, které se musf
odstranovat vykopem celého stfedu ulice aZ na tiroven kanalizaci. V piipadé
feSenti rekonstrukce celé ulice, tramvajové trati a inZenyrskych siti systémem
podpovrchového kolektoru by byly veskeré problémy s pfipadnou dalsi vel-
kou vodou do budoucnosti definitivné vyfeSeny. Zdroven tento zpusob fesi
i otdzku Castych rekonstrukef téles tramvajovych trati.

ING. JAN SOCHUREK, INGUTIS s. r. 0., e-mail: sochurek@ingutis.cz
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Obr. 5 Fotografie z realizace kolektoru Na Prikopech — definitivni stav
Fig. 5 A picture from the work on the Na Prikopech utility subway — final state

final lining is designed; house connections are designed to reach the surfa-
ce of basement walls. Cased boreholes are carried out from the connections
to the utility lines destinations.

3RD CATEGORY UTILITY SUBWAYS BUILT CONCURRENTLY
WITH RECONSTRUCTION OF TRAMLINE TRACKBED

A specific procedure of construction of distribution utility subways is
designed for the subway sections built concurrently with reconstruction of
tram trackbed. Application of this procedure of reconstruction is to be
incorporated into the time-schedule of reconstruction of tramlines perfor-
med by DP — Elektrické drdhy (the Tram-Lines branch of the Passenger
Transport Authority). In particular this procedure is proposed for utility
subways under the following streets: “Bottleneck” Karlovy Lézné, Leten-
skd, Karmelitskd. Conditionally it is also proposed for the subways under
Spélend Street and Je¢nd Street, where tramlines do exist but the street
width, as opposed to the former streets, is sufficient and does not necessi-
tate the application of this procedure.

The design can take advantage of the experience gained from a recent-
ly completed utility subway in Zurich, Switzerland. One of many instan-
ces of the application is in Lowenstrasse Street. Simply put, this is a rein-
forced concrete box structure erected in an open cut box. The reinforced
concrete roof slab forms at the same time the tramline trackbed. The utili-
ty tunnel structure is final; it can be provided with waterproofing on the
internal face.

Apart from a gas pipeline, the utility subway in Zurich houses a sewer
with house connections. The connections can be either drilled from within
the subway or also constructed in an open cut box perpendicular to the
building, using a precast design instead of an in situ structure, with a pro-
file required for house connections. This method of utility subway con-
struction offers itself also in the parts of the Prague centre where major
defects on sewers and water mains were caused by the 2002 floods, resul-
ting in large caverns eroded under the tramline trackbed. The defects must
be removed by excavating the complete central part of the street down to
the level of the sewer or water main. If the overall reconstruction of the
street, tramline and utility lines is solved by the sub-surface utility subway
method, all problems accompanying contingent floods in the future will be
resolved for ever. At the same time, this method solves the issue of frequ-
ent tramline reconstruction operations.

ING. JAN SOCHUREK, INGUTIS s. r. 0., e-mail: sochurek@ingutis.cz
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PRECERPAVACI VODNI ELEKTRARNA DLOUHE STRANE
THE DLOUHE STRANE PUMPED STORAGE SCHEME

JIRI BARTAK, JIRI SMOLIK

ZAKLADNI UDAJE BASIC DATA

Region Olomoucky kraj, Hruby Jesenik Region the Olomouc Region; Hruby Jesenik

Investor CEZ, a.s. Employer CEZ a.s.

Projektant HYDROPROIJEKT, a. s., zavod Brno Designer HYDROPROJEKT a. s., Brno plant

Zhotovitel INGSTAV Opava, a. s., dodavatel staveni ¢4sti Contractor INGSTAYV Opava a. s., civils works contractor
SUBTERRA, a. s., subdodavatel podzemni ¢asti SUBTERRA a. s., sub-contractor for underground
CKD BLANSKO vysii dodavatel technologické structures

casti CKD Blansko, mechanical equipment main contractor

Uzivatel CEZ, a. s., Ostravsko-karvinské elektrarny User CEZ a.s., Ostrava Karvind power plants

Obdobi vystavby 1978 — 1996
Objem stavebnich praci razené objekty 290 000 m?
uvoD

Precerpaci vodni elektrarny (PVE) jsou celosvétové osvédéenym
modernim regulacnim prvkem energetickych soustav. Vystavba
PVE Dlouhé Strdné na severu Moravy byla zahdjena jiz v kvétnu
roku 1978, od roku 1981 az do roku 1987 nésledoval dtlum vystav-
by, vyvolany problémy v koncepci feSeni energetické politiky stétu.
Dobré zkuSenosti ziskané s provozem reverznich turbin na PVE
Dalesice, a po roce 1989 mozZnost tispé$ného srovnani technického
feSeni PVE Dlouhé Strané s obdobnymi dily v zdpadni Evropé, pfi-
spely ke stanoveni terminu dokonleni vystavby na rok 1994.
V témZe roce vSak doslo pfi zkouskach soustroji TG 1 k havidrii,
ktera termin dokonéeni odsunula na konec roku 1996.

V roce 2005 zvitézila PVE Dlouhé Strané v internetové anketé na
téma ,,Sedm divii Ceské republiky*.

VSEOBECNE

PreCerpdvaci elektrarna vyuzivd pulkilometrového rozdilu mezi
horni vodni nddrzi, vyhloubenou na vrcholu hory Mravenecnik
(1350 m n. m.), a spodni prehradni nddrZi na fece Divokd Desna.

Construction period 1978—-1996
Works volume  mined structures 290,000 m3

INTRODUCTION

Pumped storage schemes (PSS) are a well-proven regulation ele-
ment of power generation systems. The construction of the PSS
Dlouhé Strdné commenced in May 1978. Subsequent construction
checks in the 1981 - 1981 period resulted from problems in the
conception of the solution of the national power generation policy.
Positive experience in operation of reversible turbines at the PSS
DaleSice, and the possibility after 1989 to successfully compare the
technical solution of the PSS Dlouhé Stran¢ with similar schemes in
Western Europe contributed to a decision on the works completion
deadline to be the year 1994. In the same year, however, an incident
occurred during the TG 1 power generating set testing. It shifted the
completion date to the end of 1996.

The PSS Dlouhé Strané was the winner in an Internet survey on
the topic “The Seven Wonders of the Czech Republic”.

IN GENERAL

The pumped storage scheme makes use of the difference of about
500m between the upper reservoir, which was dug on the top of
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Obr. 1 Hydraulicky obvod PVE Dlouhé Strdné
Fig. 1 Hydraulic circuit of the PSS Dlouhé Strdné
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Horni nddrZ je v dobé energetickych prebytka plnéna Eerpadly vodou
ze spodni nddrZe, v obdobi §pi¢kové spotieby tato vodni zdsoba poha-
ni dvé reverzni Francisovy turbiny, které jsou umistény v kaverné pod-
zemni hydroelektrarny, kazdd o vykonu 325 MW. To je nejvétsi insta-
lovany vykon ze viech vodnich elektraren v CR. Maximdlni spad pro
turbiny ¢ini 532,7 m a dopravni vyska pro Cerpadla 554,1 m, coz
u obou hodnot jsou opét maxima dosaZend v CR. K hlavnim efektiim
elektrarny patii schopnost plnit funkci vykonové rezervy energetické-
ho systému, vyrdbet regulaéni vykon a podilet se na fizeni kmito¢tu
celé soustavy.

GEOLOGIE

PVE DS a jeji podzemni ¢ésti jsou umistény do mohutného horské-
ho masivu severomoravského pohoii Hrubého Jeseniku. Horninové
prostred{ je tvoreno pomérné stabilnim rulovym masivem; biotitické
pararuly jsou slabé a7 silné migmatizovény s lokdlnim vyskytem vlo-
Zek amfibolitu a pegmatitu. Podrobny inZenyrskogeologicky prazkum
umoznil vytvofeni trojrozmérného matematického modelu, kterym
byla stanovena napjatost a deformace masivu v prubéhu vystavby
podzemi. Zavéry pruzkumnych zjisténi byly v prubéhu realizace
z VEtSi &dsti potvrzeny, i kdyZ béhem razeb doslo ve tfech pfipadech
k pomérné rozsahlym zdvalim o velikosti az 200 m3.

HLAVNi PODZEMNIi OBJEKTY

Pii vystavbé PVE bylo realizovdna celkem 35 podzemnich objektu.
Klasickou razbou bez kolejové mechanizace byly vyraZeny:

@ kaverna pro elektrarnu o rozmérech 87 x 25 x 50 m,

® kaverna pro trafostanici o rozmérech 117 x 16 x 21 m,

@ Stoly a tunely o pri¢nych profilech 12 az 50 m2 v celkové délce

5,5 km.

Nejndro¢néj$imi podzemnimi pracemi byly vylom klenbové &dsti
kaverny elektrarny s kone¢nou velikosti rozpéti 25,5 m a vylom Sik-
mych &asti tlakovych privadécu. Razba klenbové ¢asti kaverny elekt-
rarny byla v souladu se statickym vypoctem ¢lenéna na vylom pod-
stropni Stoly a vylom Stol v patkdch klenby. Po skonceni betondZe
patek v patkovych §tolach byl vyrub pro klenbu dokoncen vyraZzenim
mezipilifi a ndsledné byla provedena betondZ klenby. Provizorni
vyztuZ klenby a stén kaveren byla kromé armovaného stiikaného
betonu tvorena siti ty¢ovych kotev délky 5,7 m s nosnosti 170 kN.
Deformace horninového prostredi a provizorni vyztuZe byly monito-
rovdny konvergenénim a tensometrickym mérenim.

Vylom ldvek kavernového prostoru byl provadén trhacimi pracemi
po stupnich vysky 5 m s pouZitim fizeného vylomu za stdlych méfent,

Obr. 2 Kaverna pro elektrdrnu — plny vylom
Fig. 2 The fully excavated cavern
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Mraveneénik Mountain (1,350m a.s.1.), and the lower reservoir
on the Divokd Desnd River. The upper reservoir is filled by
pumps with water from the lower reservoir in periods of power
surpluses; in periods of peak consumption this water propels
a pair of reversible Francis turbines with a total power of
2x325MW, installed in the power cavern. This installed output
is the highest of all hydropower plants in the Czech Republic.
Maximum gradient for the turbines amounts to 532.7m, and
maximum delivery head for pumps to 554.1m. These values are
again the maximums achieved in the CR. Counted among main
effects of the power plant is the capability to assume the functi-
on of a reserve of capacity of the power generating system, to
produce regulation power, and contribute to the frequency con-
trol of the entire power generation system.

GEOLOGY

The PSS DS and its underground parts are located in a migh-
ty mountain massif of the North Moravian Hruby Jesenik moun-
tain range. The rock environment consists of relatively stable
gneiss; biotite paragneiss is weakly to heavily migmatitised,
with local occurrence of interlayered amphibolite and pegmati-
te. The detailed engineering geological investigation allowed
a 3D mathematical model to be developed that was used for the
determination of the state of stress and deformations of the rock
mass during the course of the underground works. The conclu-
sions of the investigation findings were mostly proven during
the works, despite the fact that three events of relatively serious
cave-ins occurred (up to 200m?3).

MAIN UNDERGROUND STRUCTURES

The PSS construction comprised 35 underground structures in
total. Traditional mining methods without track-bound equip-
ment were used for the excavation of:

® the powerhouse cavern with dimensions of 87m long

x 25m wide x 50m high,
® the transformer cavern with dimensions of 117m long
x 16m wide x 21m high,

@ galleries and tunnels with cross-sections of 12 to 50m?,

total length of 5.5km.

The most demanding underground work was the excavation of
the vaulted part of the powerhouse cavern with the final span of
25.5m, and the excavation of inclined parts of pressure headra-
ce tunnels. The excavation of the vaulted part of the powerhou-
se cavern was divided, in compliance with the structural analy-
sis, into a drift under the roof and excavation of side drifts at the
springing level. Once the footings had been cast in the side
drifts, the excavation for the vault was completed by removing
the intermediate pillars. The vault casting followed. Temporary
support of the cavern vault and walls consisted, apart from rein-
forced shotcrete, of a system of 5.7m long anchor rods with
a capacity of 170kN. Deformations of the ground environment
and temporary support were monitored by convergence and stra-
in-gauge measurements.

The benches of the cavern were excavated by drill and blast
with vertical advances of 5m. Controlled blasting procedures
were adopted with continual measurements for the monitoring
of seismic forces acting on the concrete vault. The walls of the
powerhouse cavern were supported by a system of permanent
10 — 25m long cable anchors with a capacity of 840kN.

The difficult uphill excavation of the inclined sections of the
headrace tunnels (a length of 687.1m, gradient of 45°) was car-
ried out using a Groundhog — GLH 500 Alimak inclined mining
platform. A full-face (15.88m?) excavation system was adopted,
without any pilot borehole and without independent EG inves-
tigation along the route of the headrace tunnels. The only data
available were the results of refraction seismic measurements
carried out from the surface. The rock mass quality was relati-
vely good. The only problem occurred in the course of the
uphill excavation of the headrace tunnel #2 when a weakness
zone was being passed through. A water saturated clastic
material was tapped at a depth of 134m under the surface. It
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Obr. 3 Letecky pohled na horni nddr PVE Dlouhé Strdné (Agentura MAFA)

Fig. 3 The upper reservoir of the PSS Dlouhé Strdné — aerial view (Agency MAFA)

monitorujicich seismické zatiZen{ betonu klenby. Stény kaverny elek-
trarny byly zabezpeceny siti trvalych lanovych kotev délky 10 — 25 m
nosnosti 840 kN.

Néro¢néa dovrchni razba Sikmych &ésti privadécu délky 687,1 m ve
sklonu 45° byla provddéna s pouzitim raziciho komplexu Groundhog
— GLH 500 Alimak. Razilo se plnym profilem o plose 15,88 m?2 bez
pilotniho vrtu a bez samostatného podrobného IG pruzkumu v trase
privadédu, pouze na zdkladé seismického méfeni z povrchu tzemi.
Horninovy masiv byl pomérné kvalitni, pouze pfi dovrchni razbé pri-
vadéce 2 doslo pti prechodu poruchy v hloubce 134 m pod povrchem
k nacepovani zvodnélého klastického materidlu, ktery do razeného
profilu vytékal 2 dny.

Komplex Groundhog-Alimak, pohybujici se po vodici drédze pfichy-
cené svorniky do stropu vyrubu, umoznoval bezpené vrtdni pfi
dovrchni razbé a soucasné obsluznou zdvizi zajiStoval dopravu miné-
i na Celbu. Odstielend rubanina se pohybovala gravitatné a7 k paté
Sikmé &ésti privadéce, odkud byla odtéZovana kolovymi nakladaci.

Velmi ndro¢nou operaci bylo zasouvani pancite o pruméru 3,6 m do
privadédu, zejména do jejich Sikmych &asti a prechodovych kolen. Po
uloZeni kazdého segmentu pancife se provddéla betondZ prostoru mezi
pancifem a vyrubem a po zatvrdnuti betonu navazovaly injektdze
spéry beton — hornina (cementovd suspenze) a beton — pancif (epoxy-
akryldtova pryskyfice).

VZTAH DILA K ZIVOTNIMU PROSTREDI

s X4

Vystavba PVE Dlouhé Strdné v centrédlni ¢asti Chranéné krajinné
oblasti Jeseniky znamenala prostorové a Casové ohranieny vliv na
okolni prirodu, ke kterému doslo pouze v obdobi vystavby. I v té dobé
viak byly negativni vlivy vystavby investorem dusledné regulovany.
Rozsah jejich pusobeni byl zanedbatelny napf. ve srovndni s negativ-
nimi G&inky pramyslovych exhalaci a nadmérné lesni téZby. Nicméné
po uvedeni dila do provozu doslo k postupnému propojovéni povrcho-
vych objekt s okolni prirodou a v soucasné dobg je toto technické dilo
a jeho zaclenéni do okolnf krajiny pozitivné pfijimdno jak organy stdt-
nf ochrany piirody, tak ndvstévniky Hrubého Jeseniku.

PROF. ING. JIRI BARTAK, DrSc., CVUT - Fakulta stavebni,
. e-mail: bartakj@fsv.cvut.c

ING. JIRI SMOLIK, SUBTERRA, a. s.,

email: jsmolik@subterra.cz

took two days for this material to stop flowing into the excava-
ted space.

The Groundhog Alimak set, which moves along a guide rail
fixed to the excavation roof with bolts, made safe drilling for
the uphill excavation possible. In the same time, its component,
a service lift, ensured transport of miners to the excavation face.
The blasted debris moved downwards with gravity, up to the toe
of the inclined part of the headrace tunnel, where it was loaded
and moved away by wheeled loaders.

A very complex operation was the insertion of the 3.6m-dia-
meter armouring into the headrace tunnels, especially their inc-
lined sections and bends. The annulus between the armouring
and rock was filled with concrete after the installation of the
particular armouring segment. Once the process of concrete har-
dening was over, cement suspension and epoxy-acrylate resin
were injected into the concrete-rock and concrete-armour inter-
faces respectively.

THE RELATIONSHIP OF THE WORKS
TO THE LIVING ENVIRONMENT

The construction of the PSS Dlouhé Strané in a central part of
the Conservation Area of the Jesenik Mountains affected nature
in an extent that was limited in terms of space and time, ending
with the conclusion of the works. Although, even then were the
negative effects of the works uncompromisingly regulated by
the employer. The extent of the effects was negligible compa-
red, for instance, with the negative effects of industrial emissi-
ons and excessive forest exploitation. Nevertheless, the view of
the surface structures of the already operating scheme has ming-
led step by step with the surrounding landscape, and today this
technical facility and its incorporation into its surroundings is
accepted positively by both conservation authorities and visitors
to the Hruby Jesenik.

PROF. ING. JIRI BARTAK, DrSc., CVUT - Fakulta stavebni,
e-mail: bartakj@fsv.cvut.cz

ING. JIRI SMOLIK, SUBTERRA, a. s.,

email: jsmolik@subterra.cz
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STUDIE VYSTAVBY PODZEMNI COV PRAHA
STUDY ON THE UNDERGROUND STW PRAGUE PROJECT

ZAKLADNI UDAJE
Region

Investor

Projektant

UZivatel
Obdobi vystavby
Objem stavebnich praci

KAREL ZAVORA, JIRI SMOLIK

Hlavni mésto Praha

Hlavni mésto Praha

Hydroprojekt, a. s.

Metroprojekt, a. s. — vylom a provizorn{
konstrukce podzemni ¢4dsti

Prazské vodovody a kanalizace, a. s.

v horizontu 30 let

2 608 000 m® (celkovy objem vylomu)

BASIC DATA
Region
Employer
Designer

User

Construction period
Works volume

the City of Prague

the City of Prague

Hydroprojekt a.s., Metroprojekt a.s.
—underground excavation and temporary structures
Prazské vodovody a kanalizace a. s.

(Prague water resources and sewerage company)
within a time horizon of 30 years

mined volume 2,608,000m?

uvob

V roce 2003 byla zpracovana dalii studie vystavby Cistirny odpad-
nich vod (COV) Praha v podzemi, kterd navizala na dfivéjii studijni
navrhy. Nové zpracovani navrhu bylo vyvoldno poskozenim stavajici
COV po katastrofdlni povodni v roce 2002 a potiebou jak rychlé
rekonstrukce poSkozené kapacity, tak i potfebou modernizace tohoto
zafizeni v blizkém vyhledu. Soucasné byly feSeny varianty rekon-
strukce stavajici COV na Trojském ostrové a podzemni varianta COV.

Pfi vybéru variant feSeni byla pfijata rekonstrukce COV na Troj-
ském ostrové s tim, e podzemni navrh COV Praha byl zafazen jako
vyhledové feseni tohoto zafizeni po doziti znovu rekonstruované sou-

INTRODUCTION

Another study on the project of the Underground Sewage Treatment
Works in Prague, which was tied up with preceding studies, was developed
in 2003. The requirement for the development of this study resulted from the
catastrophic floods 2002, which damaged the existing sewage treatment
works (STW), and from the need for accelerated reconstruction of the dama-
ged facility, as well as the need for an upgrade to the works in the short term.
At the same time other variants were prepared, i.e. reconstruction to the
existing STW in Tréja Island, and an underground STW variant. The STW
in Tréja Island reconstruction variant was chosen in the selection process,
whilst the underground STW option was classified as a prospective design
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Obr. 1 Situace podzemni COV v Praze Cimicich
Fig. I Underground STW Prague — Cimice layout
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¢asné kapacity s casovym horizon-
tem jeho pouziti do 30 let.

Navrzené feseni umisténi COV
Praha do podzemnich kaverno-
vych prostor tak nejen odstranuje ot
z tizemi mésta rozsihly zabor ,
povrchu tUzemi, ale soucasné
umoziuje také vyrazné omezen{
vlivii COV na celou okolni oblast
a v neposledni fadé i ochranu
proti zaplaveni COV pii velkych
vodéch Vltavy.

UMISTENI
Navrh podzemni COV umistuje
Cistirenské kapacity do sedmi

Cistirensky tunel §. 30 m (Krajni)
Sewage treatment tunnel 30m wide (on the side)

7\ of this facility when the repeatedly
reconstructed existing capacity rea-
ches the end of its life, i.e. within 30
years.

The proposed design placement of
the STW Prague to underground
caverns not only removes the issue of
occupation of a vast area by the STW
permanent works, but also makes
significant reduction of the STW
impacts on the surroundings possible,
and, at last but not least, allows pro-
tection of the STW against inundation
during the Vltava River floods.

LOCATION

soubéZnych kavernovych prostor,
s rozdélenim vystavby do dvou
etap. V kazdé ze sedmi kaveren ]
(délka 566 m, Sitka 25 a 30 m, -
vySka 19 — 22 m) jsou za sebou

The proposal for the underground
STW places the components of the
sewage treatment facility into seven
’ parallel caverns, with the construction
divided into two phases. Each of the

umistény dvé samostatné techno-
logické vany. Kavernové prostory
jsou navzdjem propojeny pricnymi
technologickymi a dopravnimi
prostorami v trovni pode dnem van. Souédsti navrhu podzemni COV
bylo také vybudovani dvou kaveren (Sitka 30 m) pro umisténi spalov-
ny &istirenskych kald. Kromé kaveren je nutno vybudovat tunelovy
privadét ze stavajici COV, piistupové tunely s komunikacemi, odpad-
n{ tunel a nezbytné dal3ich obsluzné, dopravni a vétraci objekty v pod-
zemni a portalovy vstup do podzemni COV.

Obr. 2 Vzorovy pri¢ny Fez
Fig. 2 Typical cross section

GEOLOGIE

Cely aredl Cistirenskych tunelt je umistén pod vybéZek ndhorni Dra-
hanské planiny mezi potokem Bohnickym a Cimickym. Objekty pod-
zemni leZi v tektonicky provrasnénych hornindch algonkia, které tvori
souvislé skalni stény svaha vltavského ddoli s prikrymi svahy pri¢-
nych brézd Bohnického a Cimického potoka. Horninové prostiedi je
sloZeno z algonkickych bridlic, drobovych bridlic a drob, ve kterych
jsou uloZena protdhld pdsma nesouvislych kiemencui-buliznik, nepra-
videlnd pdsma starych vulkanitu /spilitu, tufitd/ véetné malého vysky-
tu Zilnych hornin /diabasy.porfyry/. V rozsahu padorysu COV je dosa-
hovano vysky nadlozi podzemnich prostor 40 — 80 m. Tato vyska
nadloZi prakticky vylucuje ovlivnéni horninového prostredi dusledky
vétrdni. Pouze st objektu spalovny zasahuje do snizujictho se nadlo-
Z{, kam dosédhne vliv povrchového vétrani masivu.

KONSTRUKCE

Osténi kaveren i ostatnich tuneli se predpoklddd dvoupldstové,
sprazené, bez mezilehlé izolace. Vnéjsi primarni plast ze stifkaného
betonu s kotvenim se zabuduje v rdmci razeni podle zdsad NRTM,
vnitini osténi z monolitického betonu se t€sné dobetonuje k lici pri-
madrniho osténi tak, aby oba plasté tvorily s horninovym prostredim
sprazeny nosny systém.

Osova vzdalenost kaveren od sebe je navrzena tak, aby mezi kaver-
nami zuastal horninovy pilif zhruba stejné $iiky, jako jsou navrzené

£ XY

svetlé §itky sousednich kaveren.

ORGANIZACE VYSTAVBY

Razba tak rozsahlého komplexu kaveren a tuneld si vyzadd nejmo-
dernéjsi razici techniku s vysoce vykonnymi razicimi mechanizmy
a vykonny systém odtéZovani rubaniny. Geologické podminky skalni-
ho prostiedi COV umoziiuji predpokladat zpracovani 50 % celkového
objemu vylomu jako lomovy kdmen. S ohledem na ochranu prirody
a Zivotniho prostredi biehu feky a blizkost stdvajiciho velkolomu ve
vzdalenosti do 5 km od portilu vstupu do COV se nabizi pro vnjsi
dopravu rubaniny vyhodné pouziti lodni dopravy.

Celkovy objem vylomovych praci ¢ini 2 608 000 m?, v 1. etapé
vystavby COV 2 046 000 m?, z toho spalovna 375 000 m?, a ve 2.
etapé 562 000 m’. ;

ING. KAREL ZAVORA, METROPROJEKT Praha, a. s.,
ING. JIRI SMOLIK, SUBTERRA, a. s., e-mail:
Jjsmolik@subterra.cz

seven caverns (566m long, 25 to 30m
wide, 19 to 22m high) houses two
independent process tanks. The
caverns are interconnected via trans-
versal equipment rooms and communication corridors built under the level of
the bottoms of the tanks. Part of the proposal for the underground STW was
also excavation of two caverns (30m in width) where a sludge incineration
facility would be installed. Apart from the caverns, it is necessary to build a
transmission tunnel from the existing STW, access tunnels with roads, a dis-
charge tunnel and other service, transportation and ventilation underground
structures, including a portal entrance into the underground STW.

GEOLOGY

The entire system of the STW tunnels is located under a spur of Drahany
Highland, between Bohnice and Cimice brooks. The underground structures
are located in tectonically folded Algonkian rock mass forming continuous
rock walls/slopes of the Vltava River valley with steep slopes of transversal
groves created by the Bohnice and Cimice brooks. The rock environment
consists of Algonkian shales, greywacke shale and greywacke containing
elongated zones of discontinuous quartzite-kieselschiefer, irregular zones of
old volcanic rock (spilite, tuffite), even with minor occurrence of dike rock
(diabase, porphyry). The overburden thickness amounts to 40 — 80m within
the STW footprint. This thickness virtually excludes the affection of the rock
environment by weathering. Only a part of the incineration plant reaches into
the shallower overburden area affected by the surface weathering.

THE STRUCTURE

A two-pass composite lining system without intermediate waterproofing
is planned for the caverns and the other tunnels. The anchored outer prima-
ry shell from sprayed concrete will be applied as a part of the NATM exca-
vation operations; the inner in situ concrete lining will be cast to touch the
surface of the primary liner, thus forming a composite support system with
the rock environment.

The centre-to-centre spacing of the caverns is designed so that the width
of the rock pillar between two caverns is approximately equal with the net
widths of the neighbouring caverns.

WORKS ORGANISATION

The excavation of such the extensive complex of caverns and tunnels requ-
ires state-of-the-art excavation techniques with high-performance tunnelling
equipment and a high-capacity mucking system. The rock forming the geo-
logical environment of the STW allows us to assume that 50% of the overall
excavated volume could be processed as quarried stone. Considering the con-
servation and environmental protection along the riverbank and the fact that
alarge quarry is found within Skm from the entrance portal to the STW, ship-
ping transport offers itself for the removal of muck as a reasonable option.

The total volume of the excavation amounts to 2,608,000m3, with
2,046,00m> excavated in the phase 1 of the STW construction (out of that
the incineration plant 375,000m?) and 562,000m? in the phase 2.

ING. KAREL ZAYORA, METROPROJEKT Praha,a. s.,
ING. JIRI SMOLIK, SUBTERRA, a. s., e-mail:
Jsmolik@subterra.cz
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STUDIE HLUBINNEHO ULOZISTE RADIOAKTIVNICH ODPADU V CR

STUDY ON A DEEP GEOLOGICAL REPOSITORY
FOR RADIOACTIVE WASTE IN THE CR

KAREL KUNC, JIRI SVOBODA

ZAKLADNI UDAJE

Investor,uzivatel Sprava tiloZist radioaktivnich odpadi (SURAQ)
Projektant EGP Invest, spol. s 1. 0.

Objem stavebnich praci 1 615 340 m? (predpoklddany objem raZeb)
uvob

V Ceské republice jsou v soucasné dobé v provozu dvé jaderné elektrérny —
Dukovany a Temelin. Program naklddéni s radioaktivnimi odpady je feSen na

zdkladé vlddou schvéleného dokumentu pod ndzvem ,Koncepce nakldddni

s radioaktivnimi odpady a vyhoFelym jadernym palivem v CR*“, kterd vesla v plat-
nost usnesenim vlddy CR ¢.487 dne 15. 5. 2002. Koncepce doporucuje dalsi pro-
voz stdvajicich dloZi§t nizko- a stiednéaktivnich odpadu (tj. Dukovany, Richard
u Litoméfic a Bratrstvi u Jaichymova). Dile pak pro kone¢né zneskodnéni vyso-
ce radioaktivnich odpadu a vyhorelého jaderného paliva doporucuje pripravovat
hlubinné dloZiste, pricemz ponechdva dostate¢ny prostor pro dalsi vyuZiti vyho-
felého jaderného paliva.

Milniky realizace hlubinného u1021ste (HU):

2015 — vybér dvou lokalit pro HU (hlavni a zdlozn{ lokalita),

2030 — vystavba podzemnf laboratofe v hlavni lokalité,

2050 — vystavba vlastniho HU,

2065 - zprovoznéni hlubinného dloZiste.

GEOLOGIE A LOKALITA

Najit vhodné misto pro hlubinné tilozisté (HU) znamend najit masiv odpovi-
dajici fadé poZadavku. Za vhodné horniny jsou dnes vSeobecné povaZovany Zuly
(granity), tufy, jilovce, jilové bridlice a soli.

Na tizem{ Ceské republiky se v seizmicky stabilnich oblastech nachazejf roz-
sdhlé zulové masivy a je témér jisté, Ze hlubinné dlozisté bude umisténo praveé
v jednom z nich.

Na zdkladé predbéZného prizkumu bylo v prvni etapé vybrano celkem jede-
ndct lokalit, ze kterych bylo v roce 2003 vybrdno Sest, na kterych byly provede-
ny geologické a dalsi prace pro hodnoceni a pro ziZeni mnozstvi vybranych
lokalit pro umisténi HU. Jsou jimi Lubenec-Blatno (Ustecky kraj) Budisov
(VysoCina), Pacejov (Plzerisky kraj), Rohoznd (Vysolina), Pluhty Zdar-Lodhétov
(JihoCesky kraj) a BoZejovice-Vlksice (Jihocesky kraj). Geologické podlozi
viech blize zkoumanych lokalit je tvoreno granitickymi horninami.

REFERENCNI PROJEKT
Pro poteby dalstho postupu pifpravy této vyjime¢né podzemni stavby byl
vypracovdn referen¢ni projekt hlubinného ulozisté bez umisténi do konkrétni
lokality. Projekt uvazuje pristup do podzemf svislymi Sachtami (t€Zebni a spou-
$técf), ddle pak ukladani vyhorelého jaderného paliva (VIP) a radioaktivniho
odpadu (RAO) na jedné hloubkové tirovni 500 m pod povrchem Dile feéi reali—
tilozi$té na drovni 550 m pod povrchem. Variantné je mozno realizovat téZebni
a spoustéci dila jako dila dklonnd (Sroubovice, ipadnice lomend, tvratovd, atd.).
Tyto varianty nebyly v referen¢nim projektu reseny.
Referenéni projekt predpoklddd rozpojovéni horninového masivu trhacimi
pracemi s hladkym vylomem vyrubu, piipadné vyuZiti tunelovaciho stroje.
Hlavnim cilem pii volbé technologie razby bude minimalizace oblasti sniZe-
nych napéti v masivu naruseném t€zbou horniny (EDZ-excavation disturb zone)
a ddle minimalizace objemu rubaniny. Z tohoto divodu se predpokldda v piipa-
dé pouzitf trhacich pracf jejich vyuZiti na rozpojeni max. cca 70 % plochy vyru-
bu (jadro) a pro zbylou ¢dst vyrubu pak vyuZiti mechanického rozpojovani.
Vzhledem k poZadovanym parametrim okolnfho masivu s minimdlnim vysky-
tem podzemni vody se nepredpoklddd systémové vyuZiti jak doCasného, tak
i definitivniho osténi, rovnéZ proto, Ze cely prostor bude v ramci uloZeni paliva
zaplnén vyplnovym materidlem. Nebudou také pouZity vodotésné izolace klasic-
ké pro tunelové stavby, ale pouze se predpokladd vyuZiti izolaci proti radiaci,
které jsou zcela jiného typu a jsou souCdsti celého bezpeCnostniho systému
tilozisté. ING. KAREL KUNC, Ph.D., SURAO, e-mail: kunc@rawra.cz
ING. JIRI SVOBODA, Ph.D., CVUTPRAHA Fakulta stavebni,
e-mail: jiri.svoboda@seznam.cz

BASIC DATA
Employer Radioactive Waste Repository Authority (RAWRA)
Designer EGP Invest, spol. s r.o.

Works volume mined structures 1 615 340 m’ (excavated volume assumed)

INTRODUCTION

There are currently two nuclear power plants under operation in the Czech Republic,
(CZ) .. the Dukovany and Temelin plants. The nuclear waste management program has
been worked out on the basis of a document approved by the government named “The
concept of the nuclear waste and spent nuclear fuel management in the CZ”, which came
into effect on 15.5.2002, through the decree of the government of the CZ No. 487. The
concept recommends that the operation of the existing repositories for low- and inter-
mediate-level radioactive waste (Dukovany, Richard at Litoméfice and Bratrstvi at
Jéchymov) should continue. It further recommends that a deep geological repository
should be prepared to disposed of high level and long lived radioactive waste and spent
nuclear fuel. It leaves sufficient space for other utilisation of spent nuclear fuel.

The milestones of the deep geological repository (DGR) development are following:

2015 — selection of two localities for the DGR (a main one and an alternative locality),

2030 - construction of an underground laboratory at the main locality,

2050 - construction of the DGR proper,

2065 - bringing the deep geological repository into service.

GEOLOGY AND THE LOCALITY

To find a suitable locality for an DGR means to find a massif meeting numbers of
requirements. Considered as suitable rock type is currently granite, tuff, mudstone, clay-
ey shale and salt. The list of seismically stable regions of the Czech Republic consists of
vast granite massifs, and it is nearly certain that the DGR will be located in one of them.

Eleven localities were selected in the first phase based on preliminary investigation.

Out of those, 6 localities (Lubenec-Blatno in the Usti nad Labem region, BudiSov in
the VysoCina region, Pacejov in the Plzen region, Rohoznd in the VysoCina region, Plu-
hitv Zdér-Lodhéfov in the South Bohemian region and BoZejovice-Vlksice in the South
Bohemian region) were selected in 2003 and subjected to geological survey and other
assessment work designed to allow reduction in the number of localities suitable for the
DGR. All of those localities consist of granite.

REFERENCE PROJECT

A reference project (RP) of a deep geological repository has been developed for the
needs of the further progress of the preparation, without determination of a particular
locality. The RP considers the access to the underground facility through vertical shafts
(for winding up and lowering), storage of spent nuclear fuel (SNF) and radioactive waste
(RAW) at a single level of 500m under the surface. Further the PR solves the develop-
ment of a technical level, which will ensure drainage and partly the construction of the
deep geological repository at a level of 550m under the surface. Slanted variants of the
winding-up and lowering shafts can also be designed (helix, polygonal inclined drift,
dead point inclined drift, etc.). Those variants were not dealt with by the RP. The RP
expects that the rock mass will be broken by drill and blast using a contour blasting pro-
cedure, or by a TBM.

The main objective of the excavation technique selection will be minimisation of the
extent of the excavation disturb zone (EDZ) where the stress-relief phenomenon occurs,
and minimisation of the volume of the muck. For that reason it is expected that if the drill
and blast technique is utilised, maximally 70 % of the excavated cross section (the core)
will be disintegrated by this technique, and the remaining part will be disintegrated
mechanically. Considering the parameters of the surrounding massif required, i.e. a mas-
sif with minimal occurrence of groundwater, there is no systematic utilisation of tempo-
rary or permanent lining anticipated. Another reason is the fact that the whole excavated
space will be backfilled with the filling material in the process of storing the fuel. Nor
the waterproofing traditional for tunnel construction will be applied. Only the installati-
on of radiation insulation, which is part of the overall safety system of the DGR, is pre-
dicted. It is, however, of an absolutely different type than a waterproofing system.

ING. KAREL KUNC, Ph.D., SURAO, e-mail: kunc@rawra.cz
ING. JIRI SVOBODA, Ph.D., CVUT PRAHA - Fakulta stavebni,
e-mail: jiri.svoboda@seznam.cz
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PODZEMNI LABORATOR STAVEBNI FAKULTY CVUT

UNDERGROUND LABORATORY OF THE FACULTY OF CIVIL
ENGINEERING, THE CZECH TECHNICAL UNIVERSITY IN PRAGUE

JAROSLAV PACOVSKY

uvob

Snaha zfidit podzemni laborator jako nové, moderni experimentdlni pra-
covisté byla inspirovéna existenci obdobného zarizeni v Colorado School of
Mines v Goldenu (Denver, USA). Tato béanskd univerzita provozuje pro
potiebu praktické vyuky a vyzkumu v oblasti geotechniky, geologie a mapo-
véni Skolnf dul ,,The Edgar Experimental Mine* v Idaho Springs. Obdobna
pracovisté vSak existuji i v Evropé, k nejzndméjSim patif napr. pokusnd $tola
Hagerbach ve Svycarsku, které je provozovéna sdruZenim stavebnich firem.

Motivace pro ziizenf laboratofe vychazela z piedpokladu, 7e i v CR

— existuje potfeba rozvoje experimentdlni vyzkumné ¢innosti vysokych
Skol hlavné v oblasti materidlového inZenyrstvi, environmentélni geo-
techniky, geologie ¢i hydrogeologie v pfirodnim ,,in situ* prostredi,

— neexistuje redlnd moznost (v dostupné vzdalenosti od Prahy) pro prak-
ticky trénink studentl v oblasti inZenyrsko-geologického a geotechnic-
kého prizkumu a mapovani,

— zfizeni tohoto pracovisté prispéje k uzsi spoluprci mezi vysokymi $ko-
lami a praxi,

— v soutasné dobé existuje v CR fada uzavienych, neprovozovanych, men-

2 2

Sich podzemnich dél, jejichZ vyuZivani pro obdobné tcely se piimo nabizi.

VYBER LOKALITY

Pro vyhleddn{ vhodného podzemniho dila byly definovény nékteré zdklad-
ni pozadavky:

— finan¢n{ dostupnost (pofizovaci cena, niklady na provozovdni a uzavieny),

— pestiejsi geologické podminky (zastiZeni riznych nemonoténnich geo-

logickych formacf),
—moznost dilo v budoucnosti rozsifovat (rozrdzky pro jednotlivé experi-
menty),

— vzdalenost do 60 km od Prahy.

Pii vybéru lokality se vychdzelo z predpokladu, Ze pfedmétem zdjmu je
horizontélni dilo (Stola), nikoli na provoz finanéné znaéné ndro¢néjsi Sachta.

Z ekonomického hlediska byla jednoznaéné vyhodnocena jako nejpfizni-
vEjsi varianta ziskat nevyuZzivané podzemni dilo. Ze stdvajicich dél, co se
ty¢e geologickych podminek, dostupnosti od Prahy, dobré infrastruktury
i perspektivy vytvoreni zdzemi (rekonstrukci stdvajictho objektu), se jevila
od potitku jako nejvhodngjii §tola Josef v lokalité Mokrsko — Celina.

Vlastnikem opusténého dulniho dila Josef je Ministerstvo Zivotniho pro-
stiedi CR, se kterym Stavebni fakulta CVUT v Praze uzaviela 31. 3. 2005
smlouvu umoznujici podzemni dilo vyuzivat pro studijni, vzdéldvaci
a vyzkumné dCely. Ziizeni podzemni laboratore podporilo zastupitelstvo
obce Chotilsko i vlastnik okolnich pozemki Lesy CR, a. s. V pivodnim are-
dlu prizkumného dila JOSEF se nachézi dvoupodlazni nevyuZivand nemo-
vitost, kterou ziskd Stavebni fakulta CVUT od vlastnika (MZP) darem pro
vybudovdni provozniho zézem{ podzemni laboratore.

HISTORIE STOLY JOSEF

Lokalita Mokrsko — Celina, na které se §tola Josef nachdzi, patii do zlato-
nosného jilovského pasma. V jflovském reviru na ploSe priblizné 25 km? je
zaregistrovano okolo 3000 banskych dél. Zlato zde bylo ryZzovano jiz v 1. sto-
let{ pred Kristem. V dobé vrcholného rozvoje stredoveké tézby se tu praco-
valo v 500 dolech, které v dobé Karla IV. (kolem roku 1350) dosahovaly
hloubek 150 — 200 m. Po roce 1420 a v dalSich stoletich téZba Zivorila. Tepr-
ve technické prostredky 20. stoleti umoznily, aby se na kratky ¢as znovu roz-
béhla. V letech 1958 az 1968 vydal zdejsi revir 1133 kg zlata. Bylo vytéZeno
420 000 tun rudy s pramérnou kovnatosti 3,2 g Au/t. Pro nerentabilnost byla
v roce 1970 téZba zastavena.

V roce 1981 byl zahdjen novy prazkum celé loZiskové oblasti. V ramci
tohoto pruzkumu byla vyrazena priuzkumnd tola Josef, kterd zjistila u obci
Celina a Mokrsko, v misté starych ddlnich praci, v§znamna zlatonosnd loZis-
ka. Pfi poloprovoznim dobyvdni bylo v roce 1989 az 1991 z loziska vytéZe-
no 19 500 tun rudniny s prumérnou kovnatosti 1,6 g Au/t. Prizkumnd ¢innost
na $tole Josef byla ukoncena v roce 1991, po roce 2000 byl pristup do pod-
zemi znemoZnén uzavienim vstupnich portdld betonovymi zdtkami.

INTRODUCTION

The effort to set up an underground laboratory as a new modern experimental
work place was inspired by the existence of a similar facility at the Colorado Scho-
ol of Mining in Golden (Denver, the USA). This mining university runs a school
mine “The Edgar Experimental Mine” in Idaho Springs for the purpose of practi-
cal teaching and research in the fields of geotechnics, geology and mapping. Simi-
lar work places, however, exist also in Europe; among the most popular belongs
for instance the experimental school in Hagerbach, Switzerland, which is run by
a group of construction companies.

The motivation for setting up the laboratory was based on an assumption that
the Czech Republic

— also needs experimental research activities of universities continuously deve-
loping, primarily in the fields of material engineering, environmental geo-
technics, geology or hydrogeology in a real “in situ* environment,

—does not offer students any realistic opportunity (i.e. within a reasonable
distance from Prague) for practical training in the fields of engineering-geo-
logical and geotechnical investigation and mapping,

—needs this work place so that the cooperation between universities and the
practice is closer,

— has a number of smaller underground works that are not worked, which lite-
rally offer themselves to be used for similar purposes.

SELECTION OF THE LOCATION

The following basic requirements were selected for the purpose of the search
for suitable mining works:

— financial feasibility (acquisition cost, operational cost, termination of the works),

— rather variable geological conditions (various non-homogeneous geological

formations available),

— possibility to expand the works in the future (points of attack for individual

experiments),

— up to 60km distance from Prague.

The selection of the location was based on an assumption that the point of inter-
est is a horizontal works (a gallery), not a shaft, which is more cost demanding
during operation.

From the economic point of view, the variant based on acquisition of not-wor-
ked underground works was assessed as the most advantageous solution. Regar-
ding geological conditions, attainability from Prague, good infrastructure and
a prospect of developing the background (by reconstructing the existing structu-
res), the most suitable out of the existing underground works appeared to be the
Josef Gallery in the Mokrsko — Celina locality.

The owner of the abandoned mine Josef is the Environmental Ministry of the
CR. On 31.3.2005, the CVUT in Prague (Czech Technical University), the Facul-
ty of Civil Engineering concluded an agreement with this ministry making the uti-
lisation of the underground works for study, research and educational purposes
possible. The act of setting up the underground laboratory was supported by both
the municipality of Chotilsko and the owner of neighbouring land, Lesy CR a.s.

Erjent 2005

Obr. 1 Vstupni portdl zkusebni stoly Josef
Fig. 1 Entrance portal of the testing gallery Josef




Obr.2 F otograﬁe typlckeho profilu stoly Josef
Fig. 2 Typical profile of gallery Josef

ZAKLADNI POPIS STOLY JOSEF

Prizkumna Stola Josef je vedena ve sméru SSV napfi¢ horninovym masi-
vem vrchu Mokrsko. Celkové délka péterni Stoly je 1700 m, pfi¢ny prifez
14 a7 16 m?. Vyska nadloz{ je 90 az 110 m. Ze vstupnich portdlu jsou sou-
bézné vedeny dva tunely délky 80 m o prafezu 40 m?. Vedle vstupnich por-
talh dsti Stola mensiho prafezu. Na pdtefni pruzkumnou $tolu, kterd byla
vyraZena s ohledem na odvod podzemnich vod v mirném dovrchnim sklonu,
navazuji dalsi liniovd pruzkumnd dila s Cetnymi rozrazkami, sledujicimi
rudni struktury s napojenim do dalsich dvou pater. Pfiblizné 90 % vylomu
nen{ vystrojeno. Konec pdtefn{ Stoly je propojen 90 m vysokym vétracim
kominem s povrchem terénu.

GEOLOGICKE POMERY

Stola Josef se nachazi ve zlatorudném reviru Psi Hory s pfevaznym vysky-
tem zlata a wolframu (Au,W). Stratigraficky patif lokalita do davelského
souvrstvi kralupsko-zbraslavské skupiny hornin proterozoika. Jednd se o vul-
kanicko-sedimentdrni horniny jilovského pasma, prevazné vulkanity (bazal-
ty, andezity, ryolity), sedimenty (rohovce) a jejich kombinace (tufy, tufity),
pronikané mlads$imi intruzivnimi horninami (granodiority, albitické Zuly).
Celd oblast je slozité, pravdépodobné opakované, tektonicky zpracovina
(puklinatost, dislokace a dals{ tektonizace).

Loziska zlatonosnych rud jsou vdzdna na poruchové zény v hornindch
jilovského pdsma a v okolnich horninédch stiedoCeského pluténu. Jednd se
o kfemenné Zily, Zilné roje a Zilniky.

MOZNOSTI VYUZITi PODZEMNI LABORATORE JOSEF

Podzemni laborator Josef bude budovéna jako multidisciplindrni pracovis-
t&¢ CVUT v Praze. Jako hlavni oblasti experimentalniho vyzkumu se predpo-
kladaji: materidlové inien}'frstvi , geotechnika, inZenyrskd geologie a hydroge-
ologie. Vzhledem k tomu, Ze se jednd o vysokoskolské pracovisté, primarnim
poslamm bude vychova mladych védeu — spec1ahstu v daném oboru. Staveb-
ni fakulté CVUT to umoZni vyrazné zvysit troveii praktické vyuky napf.
v oblasti podzemnich staveb, mechaniky hornin, materidlového zkuSebnictvi,
inZenyrsko-geologického priuzkumu, geodetickych praci a mapovdni,
destruk¢nich pract, ventilagni techniky ¢i bezpe¢nostniho tréninku studentt.

Rozsah podzemniho dila Josef a jeho geologickd pestrost v§ak umozni, za
predpokladu splnéni podminek stanovenych statutem pracoviste, uspokojen{
Sirokého spektra zdjemct o experimentdlni vyzkum.

Moznou oblasti bude feseni tuzemskych i zahrani¢nich vyzkumnych pro-
jekta (grantd), mono- i multidisciplindrné zaméfenych. Vzhledem k rozloze
prizkumného dila Josef umoZni podzemnf laborator realizaci rozsahlych ,,in
situ* experimenta.

Vyznamnou oblasti bude pfedpoklddand spoluprdce s praxi pfi feSeni
aktudlni problematiky stavebniho inZenyrstvi, ekologického inZenyrstvi,
ovefovéni novych stavebnich technologii a materiali apod. Podzemni labo-
rator bude také schopna poskytnout prostory pro specializovany trénink
a Skoleni zaméstnanct stavebnich firem (technologie stifkanych betont,
svornikové vystroj a kotveni, obsluha modernich stavebnich stroju a zafize-
ni, Skoleni z bezpecnosti prace apod.).

Zprovoznéni Podzemni laboratore Josef v dohodnutém rozsahu zajisti
Metrostav a. s. na zdkladé smlouvy o spoluprac1 se Stavebni fakultou CVUT.
Zahdjeni provozu se predpoklddd v prvni poloviné roku 2007.

B PROF. ING. JAROSLAV PACOVSKY, CSc.,
CVUT PRAHA - Fakulta stavebni, email : pacovsky@fsv.cvut.cz
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There is an unused two-storey building within the original grounds of the explora-
tory works JOSEF, which will be given to the Faculty of Civil Engineering of the
CVUT as a gift by the owner (the Environmental Ministry) to be reconstructed and
converted to the operational background of the underground laboratory.

HISTORY OF THE JOSEF GALLERY

The Mokrsko — Celina locality, where the Josef Gallery is found in, belongs to the
Jllové gold zone. There are about 3000 mining works registered in the Jilové mining
district, within an area of approximately 25km?. Gold was washed there as long ago as
the 1st century B.C. There were 500 mines worked there in the period of the culmina-
ting development of the medieval mining. The mines reached depths of 150 —200m in
the Charles IV period (around 1350). After 1420 and in the following centuries the
mining dwindled. It was new mining equipment of the 20th century that made it pos-
sible for the mining to recover for a short time. In the years 1958 to 1968 this district
yielded 1,133kg of gold; 420,000 ton of the ore was extracted with average metal con-
tents of 3.2g Au/t. The mining was terminated in 1970 due to unprofitability.

New exploration of the deposit area started in 1981. The Josef gallery was driven
as a part of the exploration. The gallery identified significant gold-bearing deposits at
a location of abandoned mining works near the Celina and Mokrsko villages. In the
course of semi-operational mining operations in 1989 to 1991, about 19,500 ton of
the raw ore was extracted with average metal contents of 1.6g Au/t. The exploration
activities in the Josef gallery were terminated in 1991; after 2000 the access to the
underground space was prevented by concrete plugs cast at the entrance portals.

BASIC DESCRIPTION OF THE JOSEF GALLERY

The Josef gallery leads in the NNE direction across the rock massif of Mokrsko
Hill. The overall length of the arterial gallery amounts to 1,700m, the cross-secti-
on area is of 14 — 16m?. The overburden is 90 to 110m thick. There are two paral-
lel tunnels with a cross-section area of 40m? running from the entrance portals.
A mouth of a smaller-profile gallery is next to the entrance portals. There are other
exploration drifts joining the arterial exploration gallery, which was driven on
a slight uphill gradient to allow gravity drainage of groundwater. The drifts have
numerous side drifts following the ore structures, connected to other two levels.
Approximately 90% of the excavated space is unsupported. The end of the arteri-
al gallery is connected with the surface via a ventilation shaft.

GEOLOGICAL CONDITIONS

The Josef gallery is found in the Psi Hory gold-ore district, where gold and
wolfram (Au, W) pravail. In terms of stratigraphy, the locality belongs to the Davle
Member of the Kralupy-Zbraslav Unit of the Proterozoic rock. The rock environ-
ment comprises volcanic-sedimentary rock of the Jilové Zone, mostly volcanites
(basalt, andesite, rhyolite), sedimentary rocks (hornblende) and their combinations
(tuff, tuffite), penetrated with younger intrusive rock types (granodiorite, albitic
granite). The whole district is tectonically affected in a complicated manner, pro-
bably repeatedly (jointing, dislocations and other tectonic effects).

The deposits of gold ore are fault zones bound, i.e. the Jilové Zone rock types
and other rock types existing in the neigbourhood, in the Central Bohemian Pluto-
nic, i.e. in quartzite veins, stringer veins and reticulated veins.

POSSIBLE UTILISATION OF THE UNDERGROUND LABORATORY JOSEF

The underground laboratory Josef will be built as a multidisciplinary work place
of the CVUT in Prague. The main fields of the experimental research are to be
material engineering, geotechnics, engineering geology and hydrology. Because
this is a university work place, the primary task will be to educate young scientists
— specialists in the given discipline. The faculty of civil engineering of the CVUT
will be able to significantly increase the level of hands-on training, e.g. in the field
of underground structures, rock mechanics, material testing, engineering geologi-
cal investigation, survey and mapping, demolition operations, ventilation techno-
logy or safety at work training of students.

Although, the extent of the underground works Josef and its geological variabi-
lity will make it possible to satisfy a wide range of technicians interested in expe-
rimental research if they meet the conditions set by the statute of the work place.

Involvement in both domestic and foreign research projects (grants), with
a mono- and multidisciplinary focus, is also a field of the activity possible. Consi-
dering the extent of the exploration works Josef, the underground laboratory will
make the execution of wide-range in situ experiments possible.

An important area will also be the anticipated collaboration with the practice on sol-
ving topical problems of civil engineering, environmental engineering, assessment of
new construction techniques and materials, etc. The underground laboratory will be
able to provide premises for specialised training and courses for employees of con-
struction companies (application of shotcrete, installation of rock bolts and anchors,
operation of modern construction equipment, safety at work training, etc.)

The timely opening of the Underground Laboratory Josef in the agreed scope
of works will be taken care of by Metrostav a.s. on the basis of a co-operation
agreement concluded with the Faculty of Civil Engineering of the CVUT. The
start-up of the facility operation is scheduled for the first half of 2007.

PROF. ING. JAROSLAV PACOVSKY, CSc.,
CVUT PRAHA - Fakulta stavebni, email : pacovsky@fsv.cvut.cz
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TUNELY A PODZENNE STAVBY V SLOVENSKEJ REPUBLIKE

TUNNELS AND UNDERGROUND STRUCTURES
IN THE SLOVAK REPUBLIC

JOZEF FRANKOVSKY, MILOSLAV FRANKOVSKY, ROMAN HLAVATY, STEFAN CHOMA

uvob
Morfologicka konfiguracia
a geologicka skladba Slovenska

Uzemie Slovenska je pokryté horskymi titvarmi patriacimi k Alp-
sko-Karpatskej sustave vytvorenej sustavou komplikovanych vrds
a prikrovov poc¢as Alpinskeho vrasnenia. Cast velkého karpatského
oblika za&inajiiceho na sever od Viedne a konéiaca pri Zeleznych
vratach na Dunaji, rozprestierajica sa na izemi Slovenska, sa vyde-
Iuje ako Zapadné Karpaty. Pdsmové pohoria Zipadnych Karpat
maju tvar dlhych tiahlych oblikov kopirujicich priebeh Stdtnej hra-
nice s prevahou vychodno-zdpadného smeru. Pre geomorfoldgiu
Zapadnych Karpat, okrem dominanty tiahlych ddoli, je typicky aj
vyskyt depresii medzi horskymi ttvarmi v tvare kotlin.

Vekove st v Karpatoch zastipené vsetky geologické ttvary od pro-
terozoika po kvartér. PodrobnejSie geomorfologické ¢lenenie na izemi{
Slovenska rozliSuje 11 regiondlno-tektonickych pasiem, z ktorych pre
stavbu tunelov najvi¢si vyznam maju tdtvary vonkajSieho flySového
pasma a vnitrokarpatského flySu, bradlové pasmo, jadrové pohoria,
veporské a spi§sko-gemerské pdsmo a neovulkanity karpatského vul-
kanického venca. Vzhlad krajiny okrem vysokohorskych §titov Vyso-
kych a Nizkych Tatier modeluji najmi mezozoické pokryvové ttvary
obalovych sérif jadrovych pohori tvorené vapencami a dolomitmi.

Plosne je Slovensko z dvoch tretin pokryté horami. Obraz krajiny
dotvdraju tri nizinné celky: Zahorska, Podunajskd a Vychodoslo-
venskd niZina. Vyskovy reliéf ma rozpitie od 94 do 2655 m n. m.

INTRODUCTION
Morphologic configuration and geology of Slovakia

The territory of Slovakia is covered with mountains belonging to the
Alpine-Carpathian mountain system consisting of a system of compli-
cated faults and overthrusts that originated during the Alpine orogeny.
The part of the great Carpathian bow (starting north from Vienna and
ending at the Danube River’s Iron Gate) that is found in Slovakia is
zoned off as the Western Carpathians. The configuration of the moun-
tain ranges of the Western Carpathians is that of long protracted cur-
ves copying the state border, with the east-west direction prevailing.
Apart from dominating protracted valleys, the occurrence of basin-
shaped depressions between mountains is typical of the geomorpholo-
gy of the Western Carpathians.

Regarding the age, all geological formations of the Carpathians ori-
ginated in the Proterozoic to Quaternary periods. A more detailed geo-
morphologic categorisation distinguishes 11 regional tectonic zones in
Slovakia. The most significant in terms of tunnel construction are for-
mations of the external flysch zone and internal Carphatian zone, the
klippen zone, the core mountain range, the Vepor and Spis-Gemer
zones and neovulcanites of the Carpathian volcanic ring. Apart from
the Alpine peaks of the High Tatra and Low Tatra Mountains, the ter-
rain configuration is determined by Mesozoic napes of coating series
of core mountain ranges consisting of limestone and dolomite.

Regarding the surface, two thirds of Slovakia are covered by moun-
tains. The landscape view is complemented by three lowlands, i.e. the
Zahorskd, Danube and East Slovakian lowlands. The surface altitude
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Obr. 1 Mapa Slovenskej republiky s planovanymi dialhi¢nymi tunelmi
Fig. 1 The map of the Slovak Republic with planned highway tunnels
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Rie¢nou magistrdlou Slovenska je rieka Vidh, ktord pre lode nie je
splavnd, ale jej idolim prebieha hlavny dopravny koridor od Brati-
slavy po Tatry. Vychodozdpadnd dopravnd magistrdla smerom na
Kogice vedie dalej povodim Popradu, Hornadu a Torysy, ale jej trasa
pretina Levoc&ské pohorie, Branisko, Slanské vrchy a dalej pokracu-
je cez Vychodoslovensku nizinu az po $tdtnu hranicu s Ukrajinou.

Historia podzemného stavebnictva na Slovensku

Zaciatky podzemného stavebnictva, podobne ako v mnohych
inych krajindch st tzko spité s tazbou nerastnych surovin.
Zdpadné Karpaty sa vyznacujd vysokym stupriom mineralizacie,
preto ma Slovensko mimoriadne bohatd histériu banictva. Jej
najsldvnejsie kapitoly sa pisali hlavne v dvoch obdobiach. Prvé
obdobie siaha do 13. — 16. storo¢ia, ked sa zadal rychly rast
tazby drahych kovov a medi, zakladali sa banské mesta, kodifi-
kovalo sa banské pravo a z povrchovej tazby sa prechddzalo na
hlbinnd. DalSiemu obdobiu rozkvetu spadajiceho do rokov 1740
a7 1790 sa hovori zlaty vek banictva, ked sa §tit velkou mierou
pri¢inil o rozvoj tazby drahych kovov. Slovenské banictvo sa
dostalo na popredné miesto vo svete vdaka preberaniu a zavad-
zaniu novej techniky, zakladali sa nové skoly na vychovu odbor-
nikov, domdci odbornici konStruovali ddmyselné stroje, rozvija-
li sa banské vedy. Pozoruhodnym javom z tohto obdobia je vyvoj
banskych $kol. V rokoch 1632 a 1676 bola Banskou komorou
kodifikovan4 vyu¢ba banskych expentantov v Banskej Stiavnici
a v roku 1747 bola dalsia takdto kola otvorend v Smolniku.
V roku 1763 bola v Banskej Stiavnici zriaden4 katedra minera-
16gie, chémie a hutnictva. V roku 1770 bola Stiavnickd banskad
Skola povySend na akadémiu a stala sa tak prvou banickou vyso-
kou Skolou na svete.

Pozoruhodnymi podzemnymi dielami od konca stredoveku aZ
po koniec 20. storo¢ia sd stavby dlhych odvodnovacich (dedic¢-
nych) $tdlni, ktoré v minulosti predstavovali takmer jedind moZz-
nost’ odvodnenia a postupu s dobyvanim hlbsich partii loZisk.
Stavba dedi¢nych S§t6lni pokracovala az do konca 20. storocia.
NajdlhSou dedi¢nou §t6lnou bola $télna Jozefa II. z Voznice
do Banskej Stiavnice dlha 16 210 m vybudovana v rokoch 1782 —
1878.

K renomé slovenského banictva a zdroven aj k velkému technic-
kému pokroku banskych prac prispelo zavedenie strelného prachu
na rozpojovanie hornin. Prvy verejny pokus sa uskutocnil 8. febru-
dra 1627 vo velmi tvrdych hornindch v Hornej Bieberovej $tolni
v Banskej Stiavnici. S myslienkou pokusu priiel sapérsky dostojnik

Rok dokoncenia Dizka v m
Year of Completion Length in m

Nazov tunela
Tunnel Name

Bratislavsky ¢.1 / Bratislava No.1 1848 704
Stre¢no III. / Stre¢no III. 1871 542
Kraloviansky I. / Kralovianky I. 1871 408
Pila / Pila 1871 125
Krivansky / Krivan 1871 320
Bartoska / Bartoska 1872 107
Blaufus / Blaufus 1872 531
Hrenca I. / Hrenca I. 1872 487
Hrenca II. / Hrenca II. 1872 129
Kecka / Kecka 1872 338
Kremnicky / Kremnica 1872 122
Turcek / Turcek 1872 37
Velka Skalka / Velkd Skalka 1872 214
Malé Skalka / Mald Skalka 1872 79
Skalicky / Skalica 1872 74
Pitelova / Pitelova 1872 374
Sohler / Sohler 1872 707
Margecansky / Margecany 1872 404
Lupkowsky / Lupkow 1876 234
Tahanovsky stary / Tahanovee — Old 1876 277
Jablonicky / Jablonica 1898 900
Oravsky / Orava 1898 96

Tab. 1 Zelezni¢né tunely vybudované v 19. storoli
Table 1 Railway tunnels built in the 19th century
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Obr. 2 Bratislavsky tunel ¢. 1
Fig. 2 The Bratislava Tunnel No. 1

ranges from 94 to 2655m a.s.l. The major Slovakian river, the Véh, is
not navigable. Although the river valley represents the main traffic
corridor from Bratislava to the Tatra Mountains. The east-west back-
bone road toward KoSice leads further via the catchment area of the
Poprad, Horndd and Torysa, but its route crosses the Levoca
Mountain Range, Branisko, Slanské Hills, and further continues across
the East Slovakian Lowlands up to the Ukraine state border.

History of underground construction in Slovakia

The beginning of underground construction in Slovakia, similarly to
many other countries, is closely connected with extraction of raw
mineral materials. The Western Carpathians are noted for a high
degree of mineralisation, therefore the history of mining is extraordi-
narily rich in Slovakia. The most famous chapters of the history were
written mainly in two periods. The first period reaches back to the 13th
— 16th century where the rapid growth of extraction of precious metals
and copper began, associated with foundation of mining towns, codi-
fication of mining legislation; opencast mining methods were replaced
by underground mining then. The other period of prosperity, which
took place from 1740 to 1790 when the government contributed signi-
ficantly to the development of extraction of noble metals, is labelled
the golden age of mining. Slovakian mining achieved a leading positi-
on in the world owing to taking over and introduction of new techni-
ques. New schools were founded to educate technicians, domestic pro-
fessionals designed ingenious mechanisms, mining sciences flouris-
hed. A noteworthy phenomenon of this period is the development of
mining schools. Teaching of mining “expentants” in Banskd Stiavnica
was codified by the Chamber of Mining in 1632 and 1676; another
school of this kind was opened in 1747 in Smolnik. In 1763 a depart-
ment of mineralogy, chemistry and metallurgy was established in Ban-
skd Stiavnica. The school in Banskd Stiavnica was promoted to an aca-
demy in 1770. It became the first university of mining in the world.

Remarkable underground works from the end of the Middle Ages up
to the end of the 20th century are long drainage galleries, which repre-
sented nearly the only method of evacuation of water allowing miners
to proceed to deeper parts of the deposits. The excavation of drainage
galleries continued until the end of the 20th century. The longest drai-
nage gallery was the 16,210m long Joseph II gallery from Voznica to
Banska Stiavnica, built in 1782 — 1878.

The introduction of gunpowder in the rock breaking process contri-
buted to the reputation of the Slovakian mining and to the great
technical progress of mining operations. First public trial took place on
8 February 1627, in very hard rock conditions of the Hornd Bieberova
gallery in Banskd Stiavnica. It was an idea of Gaspar Weindl, a sapper
officer, to carry out the trial. He continued to utilise gunpowder in the
excavation of the Daniel crosscut. The success of the gunpowder
application spread to other mines very quickly.

The era of construction of railway tunnels commenced in Slovakia
as early as the first half of the 19th century. It lasted for over 100 years.
The last railway tunnels were opened to traffic in 1966. This period
saw 84 railway tunnels built in Slovakia.
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GaSpar Weindl a s pouZzitim strelného prachu pokracoval pri razen{
prekopu Daniel. Uspech pouZitia strelného prachu sa nasledne rych-
lo rozsiril aj do dal$ich bani.

Uz v prvej polovici 19. storo¢ia sa na Slovensku zacala éra
vystavby Zelezni¢nych tunelov, ktor4 trvala viac ako 100 rokov, ked
posledné Zelezni¢né tunely boli uvedené do prevadzky v roku 1966.
Na tzemi Slovenska sa za toto obdobie vybudovalo 84 Zelezni¢nych
tunelov.

Rozvoj modernych technologii vystavby
v dvadsiatom storoci

Vyvoj techniky a technol6gii podzemnych stavieb na Sloven-
sku nestratil kontext s vyvojom vo svete aj napriek prekdzkam
braniacim transferu technickych noviniek zo Zapadu. Oneskore-
nie sa prejavilo viac v tom zmysle, Ze sa Casovo odsuvala
stavba dialni¢nej siete, a tym aj tunelov. Na druhej strane toto
oddialenie umoznilo prevziat vSetky pozitivne vysledky technic-
kych rieseni vygenerované vo svete, aj ked s uréitym Casovym
odstupom.

V odvetvi banskych a podzemnych inZinierskych stavieb sa v dru-
hej polovicke 20. storo¢ia na Slovensku preberali postupne vsetky
technické novinky: svorniky, striekany betdn, raziace §tity, vitacie
vozy, $plhavé raziace ploSiny, pneumatickd a Cerpadlovd doprava
beténu, prefabrikované beténové ostenie, vitacie vozy, bezkolajovy
systém odtazby naklada¢mi a dumprami na klbovych podvozkoch,
velkopriemerové stipravy na vitanie kominov, raziace stroje s ¢ias-
to¢nym zdberom, plnoprofilovy tunelovaci stroj, ocelové telesko-
pické debnenia, gravitatnd doprava beténu, zmrazovanie tekutym
dusikom, hydraulické pretldcanie potrubi a Zelezobeténovych
rdmov pri stavbe podchodov, nové druhy trhavin a roznecovadiel,
hladky vylom, moderné vrtné schémy a zdlomy a pod. Tento poten-
cidl sa prirodzene na zaciatku novej viny tunelovych stavieb mohol
naplno a bez obmedzeni{ vyuzit.

Prvy dialni¢ny tunel na Slovensku, tunel Branisko, sa razil kon-
venénou technolégiou podla principov Novej rakiskej tunelovacej
metddy. Vysledky tak po stranke razi¢skych vykonov ako aj kvali-
tativnych parametrov st na zrovnatelnej trovni s Rakiskom alebo
Nemeckom. Napokon slovenski razi¢i sa novodobym tunelarskym

praktikdm priucili na stavbach v zahranici skor ako sa zacali razit’

dialni¢né tunely na Slovensku. Prvou zahrani¢nou stavbou, na kto-
rej sa podielali slovenski tuneldri, bol dialni¢ny tunel Kohlberg pri
Mnichove, stavany v rokoch 1987 — 1990. Po nom nasledovali tune-
ly Engelberg, Rennsteig a tiez pit tunelov na stavbe rychlej Zelezni-
ce Kolin nad Rynom — Franfurkt nad Mohanom. Slovenski tuneldri
sa v poslednej dekdde 20. storocia presadili vo viacerych nielen
eurépskych krajindch a dnes ich je mozné stretnit’ na stavbach
v Nemecku, Taliansku, Finsku ¢i Islande.

ZELEZNICNE TUNELY

Pociatky budovania Zeleznic na Slovensku siahaji do druhej tre-
tiny 19. storocia.

Neoddelitelnou sticastou budovania Zelezni¢nych trati vzhladom
na hornaty charakter krajiny boli tunely. Pri navrhovani Zelezni¢nej
trate je nutné prihliadat’ k smerovému a vyskovému vedeniu s ovela
vidcsim dorazom ako pri cestnej komunikdcii, kvoli comu bolo
v minulosti budovanych podstatne viac Zelezni¢nych tunelov ako
cestnych. Tunely na Zeleznici boli budované okrem prekondvania
horskych masivov aj cez zosuvné tizemia, kde vybudovanim otvo-
reného zarezu by mohlo ddjst'k zosunutiu celého svahu. Zvlastnos-
tou st tunely ,,dvojicky*, pomocou ktorych sa v tizkom tdoli oto¢{
smer o 180°, alebo tunely ,,Spirdlové" na prekonanie vySkového roz-
dielu medzi ddoliami.

Vystavba Zzelezni¢nych tunelov v 19. storoCi

V 19. storoc¢i bolo na tizemi Slovenska postavenych 22 Zeleznic-
nych tunelov. Vsetky tunely boli jednokolajové, iba Lupkowsky
tunel bol budovany dvojkolajovy. Niektoré z nich st dnes uzZ mimo
prevadzky (Kralovansky II, Pila, Krivansky, Margecansky a Taha-
novsky stary).

Bratislavsky tunel ¢. 1 je najstar$i Zelezni¢ny tunel na dzemi
Slovenska postaveny pocas vystavby jednokolajnej trate Vieden —

Obr. 3 Lupkowsky tunel
Fig. 3 The Lupkow Tunnel

Development of modern construction techniques
in the twentieth century

The development of equipment and techniques for underground
construction in Slovakia did not lose touch with the development in the
world, despite obstacles preventing the import of technical innovations
from the West. The fact of lagging behind was more apparent conside-
ring the set off of the development of the highway network with its
tunnels. On the other hand, this postponement allowed us to take over
all positive results of technical solutions generated in the world, alt-
hough with a certain delay.

The mining and underground construction industries utilised all
technical novelties in the second half of the 20th century in Slovakia:
rock bolts, sprayed concrete, driving shields, drilling sets, climbing-
type mining platforms, pneumatic conveying or pumping of concrete,
precast concrete lining, trackless loading and haulage with loaders and
dumpers on articulated undercarriages, large diameter shaft boring
machines, roadheaders, full-face tunnel boring machines, telescopic
steel shutters, gravitational conveyance of concrete, nitrogen method
of freezing ground, hydraulic jacking of pipes and reinforced concrete
frames in construction of subways, new types of explosives and pri-
mers, smooth blasting, modern drilling patterns and cuts, etc. This
potential was fully and without limitation available for the use at the
beginning of the new wave of tunnelling projects.

The Branisko tunnel, first highway tunnel in Slovakia, was excava-
ted using a conventional technique utilising the principles of the New
Austrian Tunnelling Method. In terms of the excavation outputs or qua-
lity parameters, the results are at a comparable level as those achieved
in Austria or Germany. Why not? Slovak miners had learned the new
tunnelling practices on foreign sites before they started the excavation
of tunnels in Slovakia. First foreign project that Slovak miners partici-
pated on was the Kohlberg tunnel near Munich, built in 1987 — 1990.
The Engelberg and Rennsteig tunnels followed, as well as five tunnels
on the high-speed rail line Cologne on the Rhine — Frankfort on the
Mohan. Slovak tunnellers have won contracts in more countries, not
only European, in the last decade of the 20th century. Today you can
meet them on construction sites in Germany, Italy, Finland or Island.

RAILWAY TUNNELS

The beginning of building railways in Slovakia goes back to the
second third of the 19th century. Because of the mountainous landsca-
pe, inseparable part of the construction of railways were tunnels. The
railway route design must pay much more attention to the directional
and vertical alignment parameters than a road design. This is why sig-
nificantly more railway tunnels were built in the past than road tunne-
Is. Tunnels were built on rail lines not only to overcome mountain
massifs but also to pass across landslide-prone areas where excavation
of an open cut could result in a failure of the entire slope. Special tun-
nelling elements were so-called “tunnel couples™ allowing the tracks
to make a U-turn in narrow valleys, or “spiral tunnels” overcoming
differences between elevations of valleys.

Railway tunnel construction in the 19th century

In the 19th century, there were 22 railway tunnels built in the terri-
tory of Slovakia. All tunnels were single-rail excepting the Lupkow
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Bratislava. Tunel je priamy a svojou povodnou dizkou 704 m patril
v tom Case k najdlh§im v Eurépe. Po rozhodnuti, Ze trat’ Vieden —
Bratislava bude prediiené az do Budapesti, zacala sa stavat nova
stanica, ktora bola priebeznd a z toho dévodu bolo potrebné skratit
tunel na 593 m a vytvorit otvoreny zarez pre vybudovanie zhlavia
stanice.

Lupkowsky tunel nachddzajici sa v nadmorskej vyske 655 m. n.
m. preklenuje Lupkowsky priesmyk. Tunel rozdeluje $tdtna hranica
medzi Slovensko a Polsko. Slovenska ¢ast’tunela dlzky 234 m bola
navrhnuté na svetly tunelovy prierez podla madarskych vzorovych
listov na 8,2/6,3 m pre dvojkolajni prevadzku s osovou vzdialenos-
tou kolaji 3,5 m. Na polskej strane bola obmurovka z ddvodu
velkych deformécii a portich zosilnend zmensSenim prierezu tunela
na jednokolajny tunel. Trat je v obliku o polomere R 200
m a v dlzke 316 metrov je v stipani az 22 %0. NadloZie tunela je
tvorené mikkymi a tla¢ivymi horninami o maximalnej vyske 25,5
m. Razenie sa vykondvalo s¢asti belgickou a sCasti rakiskou tune-
lovacou metédou.

Vystavba Zelezni€nych tunelov v 20. storoci

V 20 storo¢i bolo na izemi Slovenska postavenych 62 Zeleznic-
nych tunelov, z toho 57 jednokolajnych a 5 dvojkolajovych (Stiav-
nicky, Kraloviansky 1., RuZinsky, Bujanovsky a Tahanovsky).

Bralsky tunel (3012 m) prekondval Bralskd skalu vysokd 825 m.
Razenie sa vykondvalo upravenou rakiskou tunelovou metédou.
Najvicsia vySka nadloZia bola 218 m, pricom nadloZie pozostdvalo
z vyvrelych hornin, tufitov, andezitovych zlepencov, dolomitov, vrs-
tiev ilu a sutovych tsekov. Poc¢etné kominy, ktoré vznikli pri razeni,
boli vypliované kamennym murivom. Pri razeni bolo nutné &elit
velkym tlakom, ktoré sposobovali napuciavacie bridlicové horniny,
dalej to bolo velké mnoZstvo vody, ktord vyrazala pod velkym tla-

zo stavby, bolo 350 I/s.

Rok dokoncenia Dizka v m
Year of Completion Length in m

Nazov tunela
Tunnel Name

Banskostiavnicky / Banskd Stiavnica 1949 1194
Banskobystricky I. / Banska Bystrica I. 1938 350
Besnicky / Besné 1935 849
Bralsky / Bralsky 1931 3012
Bratislavsky ¢.2 / Bratislava No.2 1902 596
Bujanovsky / Bujanov 1955 3410
Cabradsky 1. / Cabrad I. 1938 280
Cabradsky II./ Cabrad II. 1939 144
Cachticky / Cachtice 1927 249
Cremogniansky / Cremogné 1939 4697
Dolinsky I./ Dolina I. 1939 120
Dolinsky II. / Dolina II. 1939 576
Gelnicky / Gelnica 1934 220
Grehelsky I. / Grehelsky 1. 1938 1300
Grehelsky II. / Grehelsky II. 1938 280
Hajnicky / Hajniky 1931 102
Hamricky / Himre 1935 300
Handlovsky / Handlova 1908 133
Harmanecky I. / Harmanec I. 1938 200
Harmanecky II. / Harmanec II. 1938 294
Hronsky / Hron 1933 250
Jablonovsky / Jablonov 1949 3162
Japensky 1./ Japensky I. 1939 1134
Japensky II./ Japensky II. 1939 757
Jarabsky I./ Jarabd I. 1934 373
Jarabsky II. / Jaraba II. 1934 326
Kopréassky / Kopras 1947 245
Kosiensky / Kosiensky 1938 70
Kraloviansky I./ Kralovianky I. 1948 498
Milavsky / Milavsky 1966 703
Mlynecky / Mlynec 1935 140

Tab. 2 Zeleznicné tunely vybudované v 20. storo&i
Table 2 Railway tunnels built in the 20th century
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tunnel, which was built as a double-rail structure. Some of them are
today out of operation (the Kraloviany II, Pila, Krivin, Margecany and
old Tahanovce).

The Bratislava tunnel No.1 is the oldest railway tunnel in Slovakia,
built during the construction of the single-rail track from Vienna to
Bratislava. The tunnel alignment is straight. With its original length of
704m it belonged to the longest tunnels of that period. When a decisi-
on had been made that the Vienna-Bratislava line would be extended
as far as Budapest, a new station construction started. It was a through
station, and the construction required the length of the tunnel to be
reduced to 593m to allow an open cut to be excavated for development
of the gridiron for the station.

The Lupkow tunnel, which is found at an altitude of 655m as.l.,
leads across the Lupkow pass. It is bisected by the state border betwe-
en Slovakia and Poland. The 234m long Slovakian part of the tunnel
was designed for a clearance profile according to Hungarian standards,
i.e. 8.2/6.3m for double-rail operation with the track centre distance
amounting to 3.5m. On the Polish side, the thickness of the lining had
to be increased because of large deformations and defects, thus the tun-
nel cross-section was reduced to a single-rail configuration. The rail
line is in a curve with a radius R 200m, a 316m long section inclines
up to 22%. The tunnel overburden consists of soft and squeezing
ground with a maximum thickness of 25.5m. The excavation was car-
ried out using partially the Belgium Tunnelling Method and partially
the Austrian Method.

Railway tunnel construction in the 20th century

The 20th century saw the construction of 62 railway tunnels in Slo-
vakia, out of that 57 single-rail a 5 double-rail types (the Stiavnica,
Kralovianky I, Ruzin, Bujanov and Tahanovce tunnels).

The Bralsky Tunnel (3012m) overcoming the Bralskd Skala moun-
tain (825m a.s.l.) was excavated using the Modified Austrian Method.
The deepest overburden was of 218m. It consisted of igneous rock, tuf-
fite, andesite conglomerates, dolomite, clayey beds and debris secti-
ons. Numerous chimneys, which originated during the course of the

Rok dokoncenia Dizka vm
Year of Completion Length in m

Nazov tunela
Tunnel Name

Nemcovsky / Nemcovce 1941 450
Neresnicky / Neresnica 1924 230
Ozdansky / Ozdany 1912 160
Pekelsky / Peklisko 1931 304
Pod Dielikom / Pod Dielikom 1949 2003
Pod Polanou / Pod Polanou 1927 2422
Pod VI¢kom / Pod VIckom 1924 129
Podkanovsky I./ Podkanovsky I. 1939 900
Podkanovsky II. / Podkanovsky II 1938 116
Poriadsky / Poriadie 1928 486
Pstruharsky / Pstruhdrsky 1931 380
Robkynsky / Robkynsky 1938 197
Ruzbassky / Ruzbachy 1966 453
RuzZinsky / Ruzina 1955 130
SlavoSovsky / Slavosov 1947 2401
Strazsky / Straz 1943 315
Stratensky / Stratend 1935 105
Strecno I. / Stre¢no 1. 1938 321

Strecno II. / Stre¢no II. 1938 593
étiavnick}’/ / Stiavnica 1943 158
Stubniansky / Stubne 1931 642
Telgartsky / Telgart 1933 1239
Tisovecky / Tisovec 1944 771

Tufensky / Tufensky 1939 50

Tahanovsky / Tahanovce 1954 320
Ulmansky I. / Ulmansky I. 1939 525
Ulmansky II. / Ulmansky II. 1939 41

Ulmansky III. / Ulmansky III. 1940 69

Ulmansky IV. / Ulmansky IV. 1940 50

Ulmansky V. / Ulmansky V. 1940 64

Zlatno / Zlatno 1908 500
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Telgértsky tunel vybudovany na trati Margecany — Cervend
skala je zndmy unikdtnym rieSenim. Trat vedie v tzkom dudoli,
ktoré neumoznilo rozvindt trat’ a prekonat’ 40metrovy vyskovy
rozdiel. Preto tu bolo navrhnuté rieSenie pomocou tunelovej $pi-
rdly s polomerom 400 m a so sklonom 16 %w. Pri razeni tunela
rakiskou tunelovou metddou sa vyskytli pocetné jaskyne, ktoré sa
museli vyplnit beténom, vznikali zna¢né tlaky a narazilo sa i na
tekuté piesky. Odtok vody z tunela bol nepretrzity v mnozstve
35 I/s. Nadlozie tunela je tvorené z verfénskych bridlic, porfyrov,
pieskovcovych vdpencov a Zulovou sutou. Vyska nadlozia je
96 metrov.

Medzi najkrajsie a technicky najndro¢nejsie trate patri trat' Ban-
skd Bystrica — Diviaky. Tunely v poCte 22 tvoria 12,2 kilometra,
¢o predstavuje cca 30 % dlzky trate. Najdlh${ Zelezni¢ny tunel na
tejto trati a zdroveii na Slovensku je jednokolajovy Cremognian-
sky tunel (4698 m). Smerova $tdlna sa razila z oboch strdn, pri-
¢om na styku bola zistend odchylka v smere 28 mm a vo vyske
5 mm. Maximadlna vyska nadlozia je 318 metrov. Tunel je vrcho-
lovy a velmi bohaty na vodu. Celkové mnozstvo vytekajicej vody
z tunela pocas stavby bolo az 500 I/s a v sucasnosti je z Casti tune-
la v dlzke 3500 m trvale vytekajice mnoZzstvo 200 I/s. Vetracia
Sachta md priemer 4,5 m a hlbkue 86 m.

Bujanovsky tunel (3410 m) je najdlh§im dvojkolajovym tune-
lom. Vedie pod kopcom Suchy Vrch a Bujanov. Razenie tunela sa
vykondvalo belgickou tunelovou metédou a modifikovanou
raktskou tunelovou metddou v hornine tvorenej zo svorovych zil,
ktoré vykazovali viaceré tektonické poruchy. Vyska nadloZzia
tunela je 330 metrov. Smerovd §tolfia bola razend z oboch porti-
lov a aj od budicej vetracej Sachty s hlbkou 110 m. Svetly tunelo-
vy prierez 9,0 / 7,2 m je vhodny pre elektrifikovanu trat.

sucasnost a vyhlad do budtcnosti

V stcasnosti je v sieti slovenskych Zeleznic prevadzkovanych
76 tunelov v celkovej dizke 434 km, z toho 7 tunelov dvoj-
kolajnych.

V obdobi od roku 1993 boli niektoré trate ZSR zaradené do med-
zindrodnych tranzitnych koridorov na prepravu kombinovanej
dopravy. Toto si vyZaduje uplatiiovanie novych gabaritov na vyty-
povanych tratiach podla medzindrodnej ,,Dohody AGTC*. Tunely
na tychto tratiach nevyhovuji priestorovym usporiadanim a bude
nutné pristipit’k ich rozsirovaniu.

Dopad na vystavbu novych tunelov md ,,Program Modernizicie
Zelezninych trati ZSR na rychlost' do 160 km/h a moZnost’ zvyse-
nia rychlosti do 200 km/h pre stipravy s nakldpacou skrinou®. Pri
ndvrhu dochddza k vyrovndvaniu oblikov a novému trasovaniu
trate. Zatial boli spracované porovnavacie Stidie vedenia trate pre
rychlost' 120, 140 a 160 km/h. Pri maximdlnom variante sa uvaZuje
s 13 novymi dvojkolajnymi tunelmi v celkovej dlzke cca 10 km. Pre
tunel Pod Tureckym vrchom (1765 m) je uz spracovand projektova
dokumentécia a v r. 2006 sa pripravuje verejna sitaz. Realizdcia
stavby by mala zacat' v roku 2007.

Obr. 5 Bujanovsky tunel
Fig.5 The Bujanov Tunnel

Obr. 4 Telgdrtsky tunel
Fig. 4 The Telgdrt Tunnel

excavation, were backfilled with stone masonry. The excavation had to
face high pressures due to swelling of shale, as well as significant
quantities of water flowing under high pressure from fissures. The hig-
hest rate of water flowing from the construction site amounted to
350 V/sec.

The Telgért tunnel, which was built on the Margecany — Cervena
Skala rail line, is famous for its unique solution. The line runs along
a narrow valley, which did not allow the alignment to develop and
overcome a 40m difference in elevation. For that reason the design
incorporated a spiral tunnel with the spiral radius of 400m and gradi-
ent of 16%0. Numerous caverns were encountered during the excava-
tion, which was carried out using the Austrian Tunnelling Method.
They had to be backfilled with concrete. Other problems were caused
due to high pressures and occasional occurrence of running sands.
A continuous water outflow from the tunnel amounted to 351/sec. The
up to 96m thick tunnel cover consisted of Verfén shales, porphyry,
sandy limestone and granite debris.

The Banskd Bystrica — Diviaky line is counted among the most
beautiful and technically most demanding rail lines. There are 22 tun-
nels on this line. Total length of the tunnels amounting to 12.2km
represents about 30% of the length of the line. The longest rail tunnel
on this line, and at the same time in Slovakia, is the single-track Cre-
mosné tunnel (4698m). A pilot gallery was driven from both sides. The
deviation measured at the contact spot amounted to 28mm in line and
5mm in level. The maximum overburden thickness amounts to 318m.
The tunnel is of the summit type, suffering from high rates of water
inflows. Total rate of the flow of water from the tunnel during the con-
struction amounted up to 5001/sec; today about 2001/sec flows from
a 3500m long section of the tunnel. The ventilation shaft is 4.5m in
diameter and 86m deep.

The Bujanov tunnel (3410m) is the longest double-track tunnel. It
passes under Suchy Vrch and Bujanov hills. The excavation through
gneiss exhibiting numerous faults was carried out using the Belgium
Tunnelling Method and Modified Austrian Tunnelling Method. The
tunnel cover was 330m thick. A pilot tunnel was driven from both por-
tals, and also from the 110m deep future ventilation shaft. The net
cross-section of 9.0 / 7.2m is suitable for an electrified rail track.

The presence and long-term expectations

Currently the network of Slovak railways comprises 76 operating
tunnels at a total length of 43.4km, including 7 of the double-rail type.

Since 1993, some railway lines of the Slovak Republic’s Railways
have been incorporated into the system of international transit corri-
dors for combined traffic. Because of this fact new gabarits are requi-
red for tracks selected according to the international “AGTC Agree-
ment”. The spatial configuration of the tunnels on those tracks does not
comply with the requirements. The profiles will have to be enlarged.

The impact of the “Program of Upgrading railway tracks of the Slo-
vak Republic to deal with speeds up to 160 km/h and possibility of its
increase to 200 km/h for trains with tilting bodies™ on the construction
of new tunnels is already obvious. Alignment curves are being stra-
ightened and new routes are being designed. Till now, comparative stu-
dies on tracks for velocities of 120, 140 and 160km/h have been carri-
ed out. In the case of the maximal variant, 13 new double-rail tunnels




Obr. 6 Vychodny portdl tunela Branisko
Fig. 6 The East Portal of the Branisko Tunnel

CESTNE A DIALNICNE TUNELY

Vystavbe cestnych tunelov sa Slovensko desatiocia akoby vyhy-
balo. Jednou z pri€in bolo aj to, Ze vic§ina cestnych tahov vyuziva
dlhé doliny medzi tiahlymi horskymi pasmami vychodozdpadného
smeru. Transverzdly severojuzného smeru sa dali vybudovat
v prie¢nych dolindch a horskymi priechodmi v relativne pristupnych
priesmykoch a sedldch. V priebehu 20. storocia, az do zaciatku
vystavby dialni¢nych tunelov, sa vybudovali iba dva cestné tunely.
Prvym bol Bratislavsky, ktory sa zacal stavat'v roku 1943 a do uZzi-
vania sa odovzdal v roku 1947. Rozostavany tunel pocas vojny sld-
zil ako protiletecky tkryt. V rokoch 1981 — 1983 bol prebudovany
na elektrickovy tunel. Druhy, 300 m dlhy cestny tunel — Stratensky
na S$tdtnej ceste 1/67 z Popradu do DobSinej, bol vybudovany
v rokoch 1969 — 1971.

Poslednd dekdda 20. storoCia priniesla Slovensku vyrazné spolo-
¢ensko-politické zmeny, ktorych prejavom sa stal prechod k demo-
kratickému politickému systému a ndsledne vznik Slovenskej
republiky. Nakolko sa povojnovd vystavba dialnic na Slovensku
tykala nestvislych tsekov budovanych prevazne v rovinatom
uzemi, vldda SR prijala v roku 1995 Program vystavby dialnic. Cie-
Tom programu bolo dobudovanie dialni¢nej siete, prepojenie hlav-
ného mesta Bratislavy s centrom vychodného Slovenska KoSicami
a tieZ napojenie na dialni¢né trasy susediacich Stdtov.

Celkova dlzka cestnej siete na Slovensku je dnes 17 300 km,
z toho dialnice tvoria 316 km. Podla modifikovaného projektu vlady
Slovenskej republiky prijatého v roku 2001 je pldnovand dizka dia-
Ini¢nej siete 688 km a planovand dlzka rychlostnych ciest 1182 km.
Celkovd dizka tunelov by mala byt priblizne 34 km, pricom prevaz-
nd vicsina z nich by mala byt vybudovand s dvomi tunelovymi rira-
mi (pozri obr. 1).

Tunel Branisko

Stavba udseku dialnice D1 Beharovce — Branisko na vychodnom
Slovensku, ktorého sti¢astou je takmer 5 km dlhy tunel Branisko,
reprezentovala zaciatok éry moderného tunelového stavitelstva na
Slovensku a zéroven definovala v mnohych svojich atribtitoch
postupy a technické rieSenia, ktoré moZzu byt vyuZité na dalich pri-
pravovanych tunelovych stavbach. Stavbe tunela predchddzalo raze-
nie prieskumnej §tolne, ktoré zaCalo v roku 1996 a ndsledne sa
v roku 1997 zacala vystavba samotného tunela.

Tunel Branisko je koncepcne rieSeny pre dialnicnd dopravu
s dvoma tunelovymi rdrami. V sticasnosti je vybudovand a uvedend
do prevddzky juznd tunelova rira, ktord bude slizit pre obojsmernd
dopravu aZ do naplnenia jej dopravnej kapacity a vybudovania dru-
hej, severnej tunelovej riry. Celkovd dlzka tunela je 4975 m, pri¢om
tunel je vedeny v stipani 1,20 % v smere od zdpadu v dlzke
4550 m a potom v klesani 1,65 % klesanie v dizke 425 m. Doprav-
ny priestor v tuneli je ureny priechodnym prierezom so Sirkou
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at a total length of about 10km are expected. The design has been com-
pleted for the tunnel under Turecky Vrch mountain (1765m); the call
for tenders is planned for 2006. The works should start in 2007.

ROAD AND HIGHWAY TUNNELS

It might seem as if Slovakia has shunned road tunnel construction
for decades. One of the reasons has also been the fact that most roads
take advantage of long valleys between long mountain ranges oriented
in the east-western direction. North-southern transversal roads could
be built in transversal valleys and via mountain passes found in relati-
vely easily accessible cols and saddles. During the 20th century, only
two road tunnels had been built before the commencement of highway
tunnelling projects. The first one was the Bratislava tunnel. The con-
struction started in1943 and the tunnel was opened to traffic in 1947.
The incomplete tunnel served as an air-raid shelter during the war. In
1981 — 1983 it was reconstructed to a tramline tunnel. The other road
tunnel, the 300m long Stratend tunnel on the trunk road 1/67 from Pop-
rad to Dobsina, was built in 1969 — 1971.

The last decade of the 20th century carried significant socio-politi-
cal changes to Slovakia. They were accompanied by the transition to
a democratic political system and subsequent origination of the Slovak
Republic. As the after-war development of highways produced dis-
continuous sections built mostly in flat areas, the government of the
SR adopted the Development Program for Highways in 1995. The
objective of the program was to complete the development of the high-
way network, interconnect the capital, Bratislava, with the centre of
eastern Slovakia, KoSice, and to provide links to highway routes of the
neighbouring states.

The total length of the road network in Slovakia amounts today to
17,300km; highways account for 316km of that length. According to
the Slovakian government’s modified project adopted in 2001, the
highway network is planned to have a length of 688km; a length of
1182km is planned for high-speed roads. The total length of tunnels
should amount approximately to 34km; most of them should be of the
twin-tube configuration (see Fig. 1).

The Branisko Tunnel

The construction of the D1 highway section from Beharovce to Bra-
nisko in eastern Slovakia, containing the nearly Skm long tunnel Bra-
nisko, represented the beginning of the era of modern tunnel enginee-
ring in Slovakia. At the same time this project defined, through many
of its attributes, procedures and technical solutions that can be utilised
in other tunnel projects being prepared.

The excavation of an exploration gallery, which started in 1996, pre-
ceded the tunnel construction. The construction of the tunnel proper
commenced subsequently, in 1997.

The Branisko tunnel is solved conceptually for highway traffic
with two tunnel tubes. By now, the southern tunnel tube has been
completed and is in operation. This tube will carry bi-directional traf-
fic until its traffic capacity is exhausted and the construction of the
other tube, i.e. the northern tube, is completed. The tunnel is
4975m long. Out of this length, the 4550m long section inclines from
the west at 1.20%, and the subsequent length of 425m is at a down
gradient of 1.65%. The traffic space in the tunnel is determined by
a clearance profile with the width of 7.5m (roadway width between
kerbs), the height of 4.5m, and 1m wide service walkways on either
side of the roadway.

The geological environment that the tunnel was driven through was
characterised by significantly differing stability conditions, changing
mainly in relation to the stratigraphic profile of the massif consisting
of Palacogene, Permian and crystalline-complex rock types. Regar-
ding the selection of the method of the Branisko tunnel excavation,
analyses carried out as early as the initial design phases dealt with the
possibility to utilise a large-diameter TBM. A comparison of the TBM
drive with conventional excavation using the New Austrian Tunnelling
Method (NATM) was documented. The comparison concluded that the
NATM was more suitable for the Branisko tunnel; the actually achie-
ved results proved correctness of this choice. The design, the system
of geotechnical control of the works, together with experience, endea-
vour and flexibility of tunnelling contractors made the project team
capable of reaching advance rates that accelerated the excavation so
much that the top heading breakthrough took place approximately
after two years of the excavation work, in April 1999. Although,
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vozovky 7.5 m medzi obrubnikmi, prejazdnou vyskou 4,5 m a slu-
Zobnymi chodnikmi §irky 1 m po oboch strandch vozovky.

Horninové prostredie, v ktorom bol tunel razeny, bolo charakte-
ristické vyrazne odliSnymi stabilitnymi podmienkami, meniacimi sa
najmé v suvislosti so stratigrafickym ¢lenenim masivu, tvorenym
horninami paleogénu, permu a kryStalinika. Pri vybere technoldgie
vystavby tunela Branisko bola uz v prvych projektovych stupnoch
analyzovand moznost pouzitia velkoprofilovdaho raziaceho stroja
(TBM) a bolo doloZené jej porovnanie s konvenénym razenim podla
principov Novej rakiskej tunelovacej metddy (NRTM). Porovnanie
vyznelo v pripade tunela Branisko v prospech NRTM a skutocnost’
dosiahnutymi vysledkami potvrdila spravnost’ tejto volby. Projekto-
vé rieSenie, systém geotechnického riadenia stavby spolu so skise-
nostami, snahou a flexibilitou doddvatelskych firiem umoznili dosa-
hovat postupy, ktoré urychlili dobu razenia, ked sa prerazenie kalo-
ty uskutocnilo po priblizne dvoch rokoch razenia v aprili roku 1999.
V nasledovnom obdobi vSak doslo k viacerym casovym sklzom,
takZe tunel bol uvedeny do prevadzky az v roku 2003.

Vetranie tunela je zabezpecené poloprieCnym systémom s odsdva-
nim ventilatnou $achtou hlbky 120 m umiestnenou priblizne v stre-
de dlzky tunela. Prevadzkovd bezpecnost je dand nielen technolo-
gickym vybavenim plniacim aktudlne eurépske bezpecnostné poZi-
adavky, ale aj stavebnymi dpravami, najmé paralelnou tnikovou
$toliiou, ktord je vlastne stavebne upravenou prieskumnou $toliou.

Tunel Horelica

V oktébri 2004 bol ako druhy dialni¢ny tunel do prevddzky uve-
deny tunel Horelica dIzky 605 m. Usek cesty I/11 Obchvat mesta
Cadca, na ktorej sa tunel nachadza, je tranzitnou komunikaciou dia-
Ini¢ného typu D3 v smere zo Ziliny k slovensko-polskému hrani¢-
nému priechodu Skalité — Zwardon. Tunel je vybudovany ako
dvojpruhovy, obojsmerny, so Sirkou 9,0 m medzi obrubnikmi a pre-
jazdnou vyskou 4,8 m. Tunel bol razeny konvenéne, podla principov
NRTM. Vzhladom na obtiaznost’ geologickych pomerov (flySové
sivrstvia prestipené tektonickymi poruchami, nizke nadloZie) bol
v celej dlzke vybudovany so spodnou klenbou. Prevddzkové a bez-
pe¢nostné vybavenie tunela doplna paralelnd unikova chodba dlzky
cca 350 m.

Tunel Sitina

Od polovice 2003 sa na tzemi hlavného mesta Bratislavy buduje
3.5 km usek dialnice D2 Lamacskd cesta — Staré grunty s dialnic-
nym tunelom Sitina dlzky takmer 1,5 km. Tunel Sitina je tvoreny
dvomi tunelovymi rdrami s jednosmernou premavkou. Tunel je cha-
rakterizovany dopravnym priestorom 7,5 x 4,8 m a dlZzkou
1415 m (zdpadna tunelova rira), resp. 1440 m (vychodna tunelova
rdra). Obe tunelové riry su rozdelené na useky budované razenim
a hlbené dseky budované v otvorenej stavebnej jame pri oboch por-
tdloch. Usek by mal byt uvedeny do prevadzky zaliatkom roku
2007, ¢im sa skompletizuje dialni¢ny obchvat centra mesta.

Tunel Sitina bol razeny v granitoidnom masive pahorku Sitina
nachddzajeho sa na ukonceni Malych Karpat v styku s Lamac¢skym
prielomom. Povrch pahorku Sitina pokryvaji antropogénne navaz-
ky, pod ktorymi sa nachddza stvisld vrstva kvartérnych sedimentov.
Povrch vlastného granitoidného masivu je intenzivne zvetrany. Gra-
nitoidny masiv tvoria muskoviticko-biotitické granity a granodiori-
ty s Castym vyskytom pegmatitovych Zil a s polohami krystalickych
bridlic — biotitickych pararil. Z hladiska fyzického stavu §lo o znac-
ne heterogénne horninové prostredie, od relativne zdravych hornin
az po vyrazne tektonicky porusené a hlboko zvetrané polohy cha-
rakteru poloskalnych hornin az zemin. NajvyraznejSie sa tektonické
porusenie masivu prejavovalo nepravidelnymi zénami rdznej moc-
nosti, az do niekolkych metrov. V blizkosti tektonickych zén boli
horniny silne alterované, miestami intenzivne mylonitizované.

Specifikom vystavby tunela Sitina je jeho umiestnenie v intravi-
l4ne, v blizkosti obytnych a rekreacnych zén. Kontinudlny seizmic-
ky monitoring bol dolezity vzhladom na blizkost’ viacerych vedec-
kych pracovisk, kde bolo nevyhnutné eliminovat vplyv trhacich
prdc na meracie zariadenie inStalované v laboratdriach.

Rovnako ako v tuneloch Branisko a Horelica je aj v tuneli Sitina
vybudovand vozovka s cementobeténovym krytom, vyhodnejSia
z hladiska poZiarnej ochrany a trvanlivejSia z ¢asového hladiska.

Obr. 7 Tunel Horelica
Fig. 7 The Horelica Tunnel

several times lags occurred in the subsequent period. Thus the tunnel
was opened to traffic as late as 2003.

The tunnel ventilation is ensured by a semi-transversal system with
a 120m deep exhaust shaft situated roughly in the middle of the tun-
nel. Operational safety is given not only by technical services comply-
ing with current European safety requirements, but also by the struc-
tural design, above all the escape gallery, which is, as a matter of fact,
the exploration gallery after some additional construction work.

The Horelica Tunnel

The 605m long Horelica tunnel was inaugurated as the second high-
way tunnel in October 2004. The I/11 road’s section named the Cadca
Town By-Pass, which the tunnel is found on, is a highway-style tran-
sit road D3 leading in the direction from Zilina to the Slovakia —
Poland border crossing Skalité — Zwardon. The tunnel is being built as
a double-lane, bi-directional tube with a width of 9.0m between kerbs
and the clearance height of 4.8m. The tunnel was driven conventional-
ly, according to the NATM principles. Because of difficult geology
(flysch series of measures penetrated with faults; shallow overburden)
the invert was built throughout the tunnel. The operational equipment
and safety equipment of the tunnel is supplemented by an approxima-
tely 350m long parallel escape gallery.

The Sitina Tunnel

The 3.5km long section of the D2 highway from Lamacska Cesta to
Staré Grunty, which has been under construction since the mid 2003 in
the territory of the Slovak capital, Bratislava, contains also the nearly
1.5km long tunnel Sitina. The Sitina tunnel comprises of two tunnel
tubes with uni-directional traffic. The tunnel features a clearance profi-
le of 7.5 x 4.8m and a length of 1415m and 1440m (the western tube
and eastern tube respectively). Both tunnel tubes are divided into mined
sections and cut and cover sections built at both portals. This highway
section is scheduled for bringing into service at the beginning of 2007;
thus the highway loop around the city centre will be complete.

The tunnel Sitina was driven through a granodiorite massif of Sitina
hill. The hill is found at the end of the Low Carpathians, at the contact
with the Lamac Pass. The surface of the Sitina hill is covered with
anthropogenic fills; a continuous layer of Quaternary sediments is
underneath. The surface of the granodiorite massif itself is intensely
weathered. The granodiorite massif consists of muscovite-biotite gra-
nite and granodiorite with frequent occurrence of pegmatite veins and
beds of crystalline schist — biotite paragneiss. Regarding the physical
condition, the rock environment was significantly heterogeneous, ran-
ging from relatively sound rock to considerably tectonically faulted
and deep weathered layers with the character of semi-rock to soil. The
most explicit manifestation of the tectonic faulting of the massif were
irregular zones of various thickness, up to several meters. The rock
found in the vicinity of the tectonic zones was heavily altered, locally
intensely mylonitised.

A specific feature of the construction of the tunnel Sitina is its loca-
tion in a built-up area, in the vicinity of residential and recreational
zones. Continual seismic monitoring was important with respect to the
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Technologické a stavebno-bezpecnostné vybavenie tunela je navrh-
nuté v sulade s poZiadavkami Smernice eurépskej komisie a parla-
mentu o minimdlnych bezpe¢nostnych poziadavkach na cestné tune-
ly, pricom bolo potrebné vziat'do tvahy vysoké dopravné zataZenie.

Tunel Visnové

V jini 2005 vldda Slovenskej republiky schvdlila uznesenie
o implementécii pilotného projektu Public Private Partnership (PPP)
pre tsek dialnice D11 Lietavsk4 Li¢ka — Turany. Stat podla neho
uzavrie zmluvu s koncesiondrom PPP, ktory prevezme zodpoved-
nost za navrh, vystavbu, financovanie a prevddzkovanie projektu na
obdobie 30 rokov. Dialni¢ny dsek Lietavskd Licka — Turany pre-
chddza juzne od Ziliny smerom na vychod cez pohorie Mal4 Fatra.
Jeho dlzka je priblizne 30 km vratane 7,5 km dlhého dvojrirového
tunela Visnové.

Tunel Vi§nové umozni prechod trasy dialni¢ného useku Lucian-
skou Malou Fatrou. Tunel je dlhy 7460 m a po vybudovani to bude
najdlhsi tunel slovenskej dialni¢nej siete. V trase tunelovej riry bola
prerazend prieskumnd §tdlna (v stcastnosti prebudovand na uniko-
vi), takZe pre celd navrhovani trasu tunela sd k dispozicii podrob-
né geologické a hydrogeologické informdcie. Razenie $tolne prini-
eslo mnozstvo komplikdcii suvisiacich s neo¢akdvanym poctom
poruchovych zén vyznacujicich sa okrem iného vysokou zvodne-
lostou s maximalnymi pritokmi 400 1/s. Definitivny vyber technold-
gie vystavby bude v rukdch zdujemcov, projektové rieSenia st pri-
pravené tak pre konvencné razenie, ako i pre razenie pomocou
plnoprofilového raziaceho stroja.

VODOHOSPODARSKE A ENERGETICKE PODZEMNE
STAVBY

Dolezitd dlohu v slovenskom podzemnom stavebnictve hral ener-
geticky a voddrensky sektor. Morfoldgia krajiny spolu s vodnymi
tokmi umozZznila vybudovanie mnoZstva vodnych diel, ktorych
stcastou boli Casto §tdlne ¢i iné podzemné priestory.

Precerpavacia vodna elektrarei Cierny Vah

Prikladom je Pre¢erpavacia vodnd elektrireni Cierny Vih, vybu-
dovand v rokoch 1976 —1981 v chrdnenom tzemi Nizkych Tatier.
Privadzace od portdlov na dolnej hrddzi maju horizontdlne dseky do
vzdialenosti 500 m, potom sa lomia do 45° stipania a v osovej dlzke
598 m vydustuji pod hradzou hornej nadrze. Na Sikmé privadzace
v hlbke asi 40 m nadvizujui krdtke horizontdlne dseky, ktoré vy-
ustuji do vtokovej Casti hornej nddrze. Paralelne s privadzacmi je
vybudovany komunikaény tunel vybaveny v Sikmej Casti vytahom.

Masiv, v ktorom je situovand podzemna cast elektrdrne, je tvore-
ny vdpencami a dolomitmi. Pri razeni horizontdlnych dsekov pri-
vadzacov bola aplikovand vrtno-trhavinova technoldgia s pouZzitim
bezkolajovej mechanizacie nakladania a odtazby. Primarne ostenie

Obr. 8 Stavebné prdce na juznom portdli tunela Sitina
Fig. 8 Construction work on the south portal of the Sitina tunnel
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close proximity of several scientific work places where the impact of
blasting on the measurement facilities installed in laboratories had to
be eliminated.

Identically with the Branisko and Horelica tunnels, cement concre-
te pavement is used also for the roadway in the Sitina tunnel. It is bet-
ter in terms of fire protection and more durable in terms of time. Tech-
nological and structural-safety equipment of the tunnel is designed in
compliance with the requirements of the Directive of the European
Parliament and of the Council on Minimum Safety Requirements for
Tunnels in the Trans — European Road Network, with the fact of the
high traffic load taken into consideration.

The Visnové Tunnel

In June 2005, the government of the Slovak Republic approved the
resolution on implementation of the pilot PPP project for the section of
the D11 highway from Lietavskd Lucka to Turany. According to this
project, the government will conclude a contract with the PPP conces-
sionaire who will assume responsibility for the design, construction,
funding and operation of the project for a 30-year period. The highway
section Lietavskd Lic¢ka — Turany runs south of Zilina, in an eastward
direction, across the Low Fatra mountain range. The section is about
30km long, including the 7.5km long twin-tube tunnel ViSnové.

The Visnové tunnel will make the passage of the route of this high-
way section across the Luciany Low Fatra possible. The tunnel is
7460m long. Once completed it will become the longest tunnel in the
Slovakian highway network. An exploration gallery was excavated on
the route of the tunnel (currently transformed to an escape gallery),
therefore detailed geological and hydrogeological information is avai-
lable for the whole intended route of the tunnel. The excavation of the
exploration gallery was attended by lots of complications associated
with unexpected number of weakness zones marked out, among
others, by a high degree of water saturation, with maximum inflows
amounting to 4001/sec. The final selection of the construction techni-
que will be decided by the tenderers; design options are prepared for
both conventional excavation and full-face TBM driving.

WATER MANAGEMENT AND POWER GENERATING
UNDERGROUND PROJECTS

The power generating and water management sectors have played
a significant role in the Slovakian underground construction. The
landscape morphology together with watercourses allowed the con-
struction of many water schemes, with tunnels or other underground
spaces often forming their parts.

The Pumped Storage Scheme Cierny Vah

The Pumped Storage Scheme built on the Cierny Vah River in 1976
— 1981 in the protected territory of the Low Tatra Mountains is a good
example. Headrace tunnels with a total length of 598m start from the
portals at the lower dam. The initial horizontal sections beyond
a distance of 500m incline to an angle of 45°, and end at the intake part
of the upper pond. Excavated in parallel to the headrace tunnels is
a communication tunnel equipped with a lift in the inclined section.

The underground part of the powerhouse is excavated in rock mass
consisting of limestone and dolomite. The horizontal sections of the
headrace tunnels were excavated by the drill and blast technique, using
trackless loading and mucking-away equipment. The primary lining
was carried out as an alternative consisting of shotcrete, epoxy resin
encapsulated rock bolts, or combined with steel arches, special steel
sheet lagging and filling of the free space with shotcrete. The net cross-
section diameter of the pressure headrace tunnels is of 3.8m; the steel
armouring is 12 — 40mm thick.

The idea of a small-diameter pre-excavated gallery to be enlarged
subsequently to the final profile was adopted as a basis for the solution
of the excavation of the inclined sections of the headrace tunnels. There
were two options under consideration, i.e. either the utilisation of
a raise borer or an uphill excavation using climbing-type mining plat-
forms. The technically more effective variant was refused because of
a fear of a significant deviation from the designed centre line. The exca-
vation technique using the climbing-type mining platforms was dange-
rous and very complicated in tectonic faults. The clayey and brecciated
filling of the fault zones, even accompanied by occurrence of big boul-
ders, required special procedures. In addition, the sticky ground posed
an obstacle to the gravity spoil transport. Those conditions resulted, for
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bolo realizované v alternative striekany betén s lepe-
nymi svornikmi epoxidovou Zivicou, alebo v kombi-
ndcii ocelové obliky s pazenim Specidlnymi ocelovy-
mi plechmi a vyplnou volného priestoru strickanym
betéonom. Svetly profil tlakovych privadzacov je
& 3,8 m, ocelovy pancier ma hribku 12 — 40 mm.
Ako zdklad rieSenia razenia Sikmych dsekov privad-
zaCov sa presadila mySlienka predrdzky malého profi-
Iu a jej ndsledné rozSirenie na konecny profil. Do
tivahy prichddzal bud velkopriemerovy predvrt systé-
mom Raise boringu, alebo dovrchné razenie pomocou
Splhavych raziacich plosin. Technicky efektnejsi vari-
ant sa zamietol s obavy velkej odchylky od projekto-
vanej osi. Razenie Splhavymi plo§inami bolo nebez-
pec¢né a zvlast komplikované v tektonickych poru-

TuouHel

chéch. flova a brekciovitd vypli poruchovych pasiem
s vyskytom aj velkych balvanov si vyZiadala nielen
Specidlne postupy, ale lepivd zemina bola aj prekdzkou
gravitatnej dopravy samospddom. Vysledkom bola
napr. aj tazko odstrdnitelnd upchdvka, ktord nedokaza-
li odstranit’ ani vojaci s pouzitim rakiet zem — zem.
RieSenie uspelo az prerazenim pristupovej chodbice z vedlajsicho
privddzaca.

Nova odvodnovacia stdlfna Voznica
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§télna bola vybudovand v rokoch 1980 — 1987. Na trase §tdlne
diiky takmer 14 km prevazovali skalné horniny — neovulkanity
(andezity a pyroklastikd), mezozoické dolomity a granodiority. Pri
razeni $tdlne bol prvykrdt na Slovensku pozity tunelovaci stroj
priemeru 3,25 m. Dosiahol sa s nim sice jednordzovo pozoruhod-
ny vykon 812 m za 31 dni, ale jeho nasadenie stazovali opakova-
ne sa vyskytujiice poruchové pdsma s tekutou vypliiou, ktoré sa
museli prekondvat’ asto komplikovanym a zdlhavym spdsobom.

Tunelové stavby na vodnej nadrzi Turéek

V rokoch 1992 — 1995 na stavbe Vodnej nadrze Turcek boli vybu-
dované 300 m dlhy komunikacny tunel s plochou hrubého vylomu
17,1 m2 a obtokovy tunel s prierezom 21,6 m2 dlhy 276 m. Trasa
tunelov je situovand v neovulkanickych hornindch s vyraznou tek-
tonikou a pestrou vypliou poruchovych pdasiem. Obidva tunely sa
razili vrtno-trhavinovou technolégiou s pouZitim vitacieho voza
a bezkolajovym systémom odtazby. V porusenych hornindch bola
Celba zistovand nadstropnym ochrannym rostom z ocelovych pritov
do hibky 3.5 m.

ZAVER

Budicnost tunelového stavitelstva na Slovensku je obsiahnutd vo
viacerych oblastiach. Rozhodujicou by v najblizsej dekdde mala byt’
vystavba dialni¢nej siete, ktord sa nezaobide bez vystavby desiatok
kilometrov tunelov. DalSou oblastou by mohla byt modernizacia
Zelezni¢nych sieti, prindSajica nielen potrebu rekonsStrukcie existuj-
Ucich, ale aj vystavby novych tunelov. Otvorenou témou je uz nie-
kolko desatro¢i nosny dopravny systém pre hlavné mesto Bratisla-
vu, kde vyvoj od rdznych variantov rychlodrdhy a metra priniesol
myslienku rychlej segregovanej elektricky, vedenej minimdlne
v centrdlnej mestskej zone v podzemi.

Kazdopadne modzeme konstatovat, Ze slovenské dodéavatelské
i projekéné firmy ziskali v predoslom obdobi doma i v zahranici
dostatok skusenosti a si pripravené maximdlnou mierou sa na
vystavbe tunelov podielat.
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Obr. 9 Schéma Precerpdvacej vodnej elektrdrne éiemy Vidh
Fig. 9 The Pumped Storage Scheme Cierny Vidh diagram

instance, in a plug that was very difficult to remove. Even soldiers using
surface-to-surface missiles failed to remove it. To succeed it was neces-
sary to drive an access adit from the neighbouring headrace tunnel.

The New Drainage Tunnel Voznica

The New Drainage Tunnel, which is the last drainage tunnel in Slo-
vakia, was built in 1980 — 1987. The 14km long tunnel passed through
geology consisting mainly of hard rock, i.e. neovolcanic rocks (ande-
site and pyroclastic materials), Mesozoic dolomite and granodiorite.
A TBM 3.25m in diameter was used for tunnelling in Slovakia for the
first time. The performance of the TBM reaching 812m per 31 days
was magnificent in terms of a one-shot operation. Although, the utili-
sation of the TBM was hampered by repeatedly occurring fault zones
with liquid filling. They had to be overcome by often complicated and
time-consuming methods.

Tunnelled structures at the Tur¢ek Dam

In 1992 — 1995, a 300m long communication tunnel with an exca-
vated cross-section area of 17.1m2 and a 276m long diversion tunnel
with a 21.6m?2 profile were built at the Turéek Dam. The route of the
tunnels passes through neovolcanic rocks with marked tectonics and
varied infill of fault zones. Both tunnels were driven by the drill and
blast technique, using a drilling rig and trackless system of mucking
away. In faulted rock the face excavation was supported by a protecti-
ve canopy of spiling bars up to a depth of 3.5m.

CONCLUSION

The future of the tunnel engineering in Slovakia can be found in
several areas. The development of the highway network, which cannot
cope without construction of tens of kilometres of tunnels, should be
the deciding element. Another area could be the upgrading of the rail-
way network, which is associated with a need not only for reconstruc-
tion of existing tunnels but also for new tunnel construction. For seve-
ral decades has an open topic been the principal traffic system for the
Slovak capital, Bratislava, where the development starting from vari-
ous variants of a metropolitan railway or metro resulted in an idea of
a light rail transit system with its route placed underground at least in
the central zone of the city.

In any case, we can state that Slovak contractors and designing offi-
ces have gathered sufficient experience both at home and abroad, and
they are prepared to contribute to the construction of tunnels in a maxi-
mum extent.
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TECHNOLOGICKA VYBAVENOST A BEZPECNOST PROVOZU
V SILNICNICH TUNELECH CESKE REPUBLIKY

TECHNOLOGICAL EQUIPMENT AND SAFETY IN ROAD
TUNNELS IN THE CZECH REPUBLIC

PAVEL PRIBYL, LUDVIK SAJTAR

Cldnek komentuje systematicky pfistup k feSeni dopravniho,
technologického a bezpe&nostniho vybavovéni silni¢nich tuneld
v Ceské republice. Zdkladnim principem je pohled na tunel, jako
na soucdst Inteligentnich dopravnich systému, zaloZeny na jednot-
né architektufe a jednotnych komunikaénich mozZnostech. To
umoznuje snazsi integraci s dopravnimi a dopravné-informaénimi
systémy na daném tzemi. Od poloviny 90. let jsou zpracovavany
ndrodni standardy, podle kterych jsou tunely nejenom vybavovény,
ale podle kterych jsou tunely i provozovany. Clinek ukazuje jejich
prehled véetné pohledu na aktudlni feSeni analyzy rizik silni¢nich
tuneld. Na piikladu méstského tunelu Mrazovka je demonstrovdno
nékolik ukdzek bezpe¢nostniho feseni tunelu.

RESENI VYBAVENOSTI TUNELU ZALOZENE NA ITS

Tunel pozemni komunikace ve mésté ¢i v extravildnu je soucds-
tf komunikaéni sité a dopravni poméry v tunelu odpovidaji v zdsa-
dé dopravnim pomérum na komunikaci. Tunel je ov§em zvlastn{
dopravni stavbou nejenom z hlediska vysSich investi¢nich a pro-
voznich nédkladu, ale hlavné z hlediska mnoZstvi a ruznorodosti
technologii, které maji za cil zajistit bezpecny a plynuly provoz
a umozZnit G¢inné reSeni mimorddnych udélosti, zejména v pripadé
pozaru.

Takovéto technické systémy pracuji s velkym mnoZstvim dat,
kterd jsou ¢asto velmi raznorodd. MEf{ se povétrnostni a ekologic-
ké podminky a dopravni data, kromé toho je nutné spolehlive pre-
naSet verbdlni informace, napiiklad z SOS skiini nebo telefonu
ucastnikd provozu a velky vyznam ma i vizudlni informace tele-
vizniho dohledu. Velky soubor dat a informaci souvisi s pouzitymi
bezpecnostnimi systémy (nouzové tlacitka, poZdrni hldsice)
a k tomu je§té pristupuji data z vlastni technologie zajistujici vét-
rdni, osvétleni, napdjeni elektrickou energif atd.

Na tunel je nutné pohliZet jako na soucdst dopravniho systému
v daném tdzemi, a proto je nutné nejenom obousmérné komuniko-
vat s dopravnimi centry, dispecinky policie, zachranné sluzby
a hasicu, ale také je nutné zajistit i vazby z hlediska Fizeni, kdy
musi napriklad svételné signalizace v okoli tunelu reagovat na
kolony vznikajici v tunelu.

Tunel pozemni komunikace vybaveny prisluSnymi technologie-
mi mus{ byt integrovan do Sir§iho dopravniho systému mésta, regi-
onu ¢i kraje. Proto byly jiZ koncem 90. let vypracovany zdsady pro
feSeni tunelu jako jednoho ze subsystému Inteligentnich doprav-
nich systéma (ITS). Zdsady fikaji, Ze tunel je hierarchicky systém
s pfesné definovanymi vertikdlnimi i horizontdlnimi informaénimi
vazbami, které je nutné popsat ve smyslu ITS architektury. Zaro-
ven musi byt jednoznacné definovany vazby na vnéjsi prostredi,
napriklad na fidici dopravni centra.

V ramci projektu ministerstva dopravy OPTUN byla vytvorena
ITS architektura tuneld a je zpracovano internetové rozhrani pro
funk¢ni, informacni, fyzickou a telekomunikaéni architekturu, lit.
[1]. Budouci investor si definuje své pozadavky ze seznamu tzv.
,uzivatelskych potfeb®. Ty charakterizuji volitelné moZnosti feSe-
ni tunelu, tedy jakousi nadstavbu nad striktnimi pozadavky stan-
dardu. Jako priklad lze uvést uZivatelskou potiebu ,,Méfeni tseko-
vé rychlosti v tunelu. Pfi jeji volbé jsou automaticky generovany
vSechny funkce, které musi byt do systému doplnény a zdroven
veskeré informaéni toky v rdmci systému i mimo néj. Tato kon-
cepce vychdzejici z ndvrhu evropské architektury ITS systému

This paper comments on the systematic attitude toward the solution of
traffic-related, technological and safety equipment installed in tunnels in
the Czech Republic. The basic principle is an approach to a tunnel based
on unified architecture and unified communication capabilities, consi-
dering a tunnel as part of Intelligent Traffic Systems. This allows easier
integration with traffic and traffic-information systems within the parti-
cular region. National standards according which the tunnels are not
only equipped but also operated have been developed since the mid
nineties. This paper provides an overview of those standards, including
an outline of the topical solution of a road tunnel risk analysis. The Mr4-
zovka urban tunnel is used for the demonstration of several examples of
tunnel safety solutions.

ITS-BASED TUNNEL EQUIPMENT SOLUTION

A road tunnel in a city or in a rural area is part of a road network, and
traffic conditions in the tunnel basically correspond to the traffic condi-
tions existing on the road. A tunnel is, however, a special traffic structu-
re not only from the aspect of higher investment and operational costs
but, primarily, from the aspect of the amount and heterogeneity of tech-
nical services designed to secure safe and fluent operation and make
effective solution of emergencies possible, mainly in the case of a fire.

Such technical systems process large volumes of data, which is fre-
quently very heterogeneous. Subjects of measurements are weather con-
ditions, environmental conditions and traffic data. Apart from this, the
verbal information must be reliably transmitted, for instance from SOS
boxes or traffic participants’ telephones. Also the significance of visual
information provided by the television surveillance system is great. The
large extent of the set of data and information is associated with the safe-
ty systems applied (alarm push-buttons, smoke detectors), complemen-
ted by the data produced by the tunnel equipment, i.e. ventilation, ligh-
ting, power supply etc.

The tunnel must be considered as part of the traffic system existing in
the particular area. It is therefore necessary not only to communicate bi-
directionally with traffic management centres, police and ambulance
management centres and fire brigades, but also to secure links making
the control possible, for instance traffic lights in the vicinity to the tun-
nel must respond to columns of vehicles developing in the tunnel.

The road tunnel with relevant equipment installed must be integrated
into a wider traffic system of the city, area or region. For that reason
experts developed guidelines for designing a tunnel as one of the sub-
systems of the Intelligent Traffic Systems (ITS). The guidelines state
that the tunnel is a hierarchical system with exactly defined vertical and
horizontal information linkages, which must be described in terms of the
ITS architecture. At the same time the links with the external environ-
ment must be defined unambiguously, for instance the links with traffic
management centres.

The ITS tunnel architecture based on the Internet interface for functio-
nal, physical, information and telecommunications architecture was deve-
loped in the framework of the Ministry of Transport’s OPTUN project, ref.
[1]. A future owner defines his requirements using a list of so-called “user
needs”. These characterise optional possibilities of the tunnel design,
which are a kind of a superstructure over strict requirements determined by
standards. As an example, we can mention the user need “Measurement of
section speed in a tunnel”. If this need is selected, all functions that must
be added to the system as well as all information flows, both in the frame-
work of the system and outside the system, are generated automatically.
This concept is based on the draft of the European ITS systems KAREN,
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KAREN, lit. [2], m4 jednozna¢nou vyhodu v tom, Ze jsou tunelo-
vé systémy do zna¢né miry unifikovdny, coZ ulehuje préci neje-
nom investora, ale i dodavatele tunelu.

Kromé zminéné architektury tunelovych systému ITS pristup
definuje i pozadavky na datové struktury a prenosové protokoly.
Pfi ndvrhu tunelovych systému se vyZaduje pouZivani UML (Uni-
versal Modeling Language) jazyka pro popis datovych struktur
a XML (eXtensible Markup Language) pro uklddani a prenosy dat
mezi subsystémy. Tento pristup na maximdlni miru zjednodusuje
komunikaci s ostatnimi ITS systémy, jako jsou ridici dopravni
centra nebo dopravni informaéni centra. Na zdkladé praci v tech-
nické standardizaéni komisi ISO/TC204, pracovni skupiné WG1
»Architecture”, je zpracovdn ndrodni standard pro vyménu dat
a informaci mezi ITS systémy, lit. [3].

ULOHA STATU A NESTATNICH ORGANIZACI V JEDNOT-
NEM PRISTUPU K RESENI TUNELU

Zakladem pro zaji$téni kvalitniho vybavovéni tuneld a pro
jejich bezpecné a efektivni provozovani jsou normy a technické
podminky, které vznikaji ve spoluprdci vefejného a privdtniho
sektoru, kde roli vefejného sektoru prebird vétSinou ministerstvo
dopravy. V ndsledujicim odstavci je prehled zédkladnich norem
a standardi;

Norma CSN 73 7507 ,,Projektovdni tuneli na pozemnich
komunikacich*: Je zékladni normou pro projektovani tunelt, pri-
¢emz detailni a dopravni a technologické vybaveni ponechdvd na
technickych podminkach TP98. Norma, lit. [4], byla zpracovdna
v 1étech 1997— 1998 a v roce 2005 byla revidovana i v souvislosti
s evropskou smérnici 2004/54/EC, viz [10].

Technické podminky TP98 ,,Technologické vybaveni tunelu
pozemnich komunikaci*: Technické podminky v jedenacti kapito-
lach detailné definuji pozadavky na vybaveni tunelu a jejich bez-
pecnost podle tfidéni do bezpeénostnich kategorii TA, TB a TC, lit.
[5].

swTechnické a kvalitativni podminky pro dokumentaci staveb
pozemnich komunikaci*: Podminky se zabyvaji obecné pozemni-
mi komunikacemi, lit. [6], ale ve specializované kapitole stanovu-
ji pozadavky na ndvrh tunelovych staveb, poZadavky na obsah
a rozsah vSech stadii dokumentace.

Technické podminky TP154 ,,Provoz, sprdva a tidriba tuneli
pozemnich komunikaci*: TP jsou pomérné unikdtnim dokumen-
tem i v celoevropském konceptu. Zabyvaji se provozovanim tune-
1t z hlediska minimalizace ndkladu na provoz, stanovuji pozadav-
ky na servis a ddle na zpracovani a ukldddni dat ziskdvanych
z dopravnich a technologickych zafizeni, lit [7]. Samostatnd a roz-
sdhld kapitola se vénuje bezpe¢nostni politice, kterou bude nutno
v rdmci implementace Smérnice EU upravit.

Na profesiondlni trovni se na rozvoji komunikacni platformy
mezi privatnimi a vefejnymi institucemi podileji Tunelové sekce
Ceské silniéni spoleénosti a Vybor pro bezpe¢nost v podzemnich
stavbach ITA/AITES. Tunelovd sekce sogstfed’uje odborniky ze
stdtni a municipdlni sprdvy (ministerstvo, Reditelstv{ silnic a ddl-
nic, mésta), tvurce legislativy, zachranné sloZky a odborniky z ruz-
nych organizaci, a tim vytvéii jednotnou nézorovou platformu na
vystavbu novych tuneld, jejich bezpecnost, realizaci a provozova-
ni. Vybor pro bezpecnost ITA/AITES m4 hlavni cil ve vytvoreni
zdkladny pro diskusi odbornika, kterd prispivd nejenom ke zlepse-
ni vzdjemné informovanosti, ale hlavné ke kontrolovanému feSeni
problematiky bezpecnosti v silni¢nich tunelech.

ANALYZA A RIZENI RIZIK

V roce 2003 byl ukoncen vyznamny projekt védy a vyzkumu
Ministerstva dopravy Ceské republiky s nazvem ,,Analyza a fizeni
rizik v tunelech pozemnich komunikaci“. Kolektiv feSitelu se po
tfi roky zabyval vytvorenim metodiky pro objektivizaci stavebni-
ho uspofddédni a vybavovédni tuneli. Vysledkem je zpracovany
ndvrh technickych podminek, které by se mély stit zdkladem pro
ocenovani rizik, lit. [8].

V rdmci projektu byly hleddny metody, které umozZni kvantifi-
kovat miru ohroZeni osob, aby bylo moZné posuzovat relativné
objektivné poZadavky a ndzory na vybavovani tuneld tak, aby
tunel na jedné strané nebyl prevybaven technologii, ale aby

ref. [2]. Its explicit advantage is that the tunnel systems are unified to
a considerable extent, which renders the work easier not only for the
owner/employer but also for the tunneling contractor.

In addition to the above-mentioned architecture of ITS tunnel sys-
tems, this approach also defines requirements for data structures and
transport protocols. The application of the UML (Universal Modelling
Language) and XML (eXtensible Markup Language) is required when
the tunnel systems are being designed, for the description of data struc-
tures and for storage and transmission of data between sub-systems. This
approach simplifies to a maximum extent the communication with the
other ITS systems, e.g. traffic management centres or traffic informati-
on centres. The national standard for data and information exchange
among the ITS systems is developed on the basis of activities within the
technical standardisation committee ISO/TC204 and the working group
WGI “Architecture”, ref. [3].

THE ROLE OF THE STATE AND NON-GOVERNMENTAL ORGA-
NIZATIONS WITHIN THE UNIFIED APPROACH TO
TUNNEL MANAGEMENT

The basis for securing high quality equipment and safe and effective
operation of tunnels are standards and technical specifications. These
originate in co-operation between the public and private sectors, where
the role of the public sector is mostly assumed by the Ministry of Tran-
sport. This is a survey of the basic norms and standards:

CSN 73 7507 norm “Road Tunnel Design’”: This is the basic norm
for the tunnel design, while the detailed and traffic and technological
equipment is solved in the TP98 technical specifications. The norm, ref.
[4], was developed in 1997-8, and reviewed in 2005 in the context of the
European Directive 2004/54/EC, ref. [10].

TP98 Technical Specifications “Road Tunnel Equipment”:

These specifications contain 11 chapters defining in detail require-
ments for tunnel equipment and safety, according to safety categories
defined as TA, TB and TC, ref. [5].

“Technical and Quality Specifications for Documentation of Road
Construction”: These specifications deal with roads in general, ref. [6],
a specialized chapter of the specifications contains the determination of
requirements for a road tunnel design and requirements for the content
and extent of all documentation phases.

TP154 Technical Specifications “Operation, Administration and
Maintenance of Road Tunnels”: These specifications are rather a uni-
que document within the all-European concept. They deal with the ope-
ration of tunnels from the point of view of minimization of operational
costs; they determine requirements for the service and for processing
and storage of data obtained from traffic equipment and technological
equipment, ref. [7]. A separate and extensive chapter is dedicated to the
safety policy that which will have to be modified in the framework of
implementation of the EU Directive.

The Tunnelling Section of the Czech Road Association and the Com-
mittee on Safety in Underground Structures ITA/AITES contribute to
the development of the platform for communication between private and
public institutions on a professional level. The Tunnelling Section gat-
hers professionals from state and municipal administrative bodies (the
Ministry, the Directorate of roads and highways, municipalities), law-
makers, rescue services and experts from various organisations. Thus it
forms a unified approach toward construction of new tunnels, their safe-
ty, implementation and operation. The main target of the ITA/AITES
Committee on Safety is to establish a basis for discussion among pro-
fessionals, which contributes not only to an improvement in the process
of sharing information but primarily to a controlled solution of the issue
of safety in road tunnels.

RISK ANALYSIS AND RISK MANAGEMENT

The Ministry of Transport finished a significant scientific and rese-
arch project in 2003, entitled “The Analysis and Management of Risks
in Road Tunnels. The task to develop a methodology for objectivisation
of tunnel structure configuration and equipment took the project team
three years. The result is a draft of specifications that should become the
basis of the process of risk assessment, ref. [8].

Among others, the project team searched for methods that would
make quantification of the degree of threat to persons possible, that
would allow a relatively objective assessment of requirements and opi-
nions on tunnel equipment preventing excessive equipment to be desig-
ned on one hand, but, on the other hand, providing a degree of safety
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poskytoval potfebnou miru bezpecnosti na strané druhé. Po
katastrofach v alpskych tunelech totiz velmi zesilil tlak na vyba-
vovéni tunelu veskerou moZnou technologii, byt je tunel dlouhy
napriklad jen 350 m.

Regitelé nakonec zvolili dvé metody. Prvn{ metoda umoZni pro-
jektantovi, investorovi nebo komukoli, kdo neni specialista na ana-
Iyzu rizik, posoudit, zda tunel kvalitativné vyhovuje standardim
a technickym podminkdm. Byl zpracovdn softwarovy produkt
nazvany Identifikdtor bezpecnostniho reSeni, ktery po vyplnéni
poli¢ek v elektronickém formuldfi zaradi tunel mezi vyhovujici
nebo problematické.

Se dvéma dal$imi metodami jiZ musi pracovat specialista,
napriklad bezpecnostni auditor. Prvni metoda, umoznujici kvanti-
tativné posoudit pocty ohroZenych osob v zdvislosti na intenzité
dopravy, stavebnim a technologickém vybaveni, je zaloZena na
pravdépodobnostnim pristupu. Metoda vyuzivd znamé stromkové
diagramy, ale jejich dimenzionalita a tim i zna¢nd neurcitost je
redukovdna expertnim systémem vyuzivajicim fuzzy logiku.
Deterministicky pristup umoznuje druhd metoda zaloZend na ana-
lyze scénaiu. Oba piistupy jsou nyni detailnéji propracovavény
v rdmci projektu [9]. Vysledkem bude ndvrh ndrodni metodiky
pro hodnocenf rizik.

PREHLED HOTOVYCH A PLANOVANYCH TUNELU

Veskeré teoretické poznatky jsou uvadény do praxe nejenom
v nové pripravovanych, ale i v realizovanych tunelech. Nésleduji-
ci tabulka uvddi ndzev tunelu, jeho délku a umisténi, pri¢emz
u tunelu na transevropské dalni¢ni siti je uvedena zkratka TERN
(Tabulka 1).
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necessary. This is because the insistence on installation of all existing
technical services in tunnels increased after the catastrophic events in
Alpine tunnels, even if the tunnel is, for instance, only 350 m long.

Members of the project team eventually chose two methods. The first
method allows the designer, employer or anybody who is not a specia-
list in performing a risk analysis, to assess whether the tunnel complies
with norms and specifications in terms of quality. A software product
named the Safety Solution Identifier was developed, capable of cate-
gorising the tunnel as satisfactory or problematic once an electronic
form has been filled.

Other two methods must be performed by a specialist, for instance
a safety auditor. The first method, which allows quantitative assess-
ment of numbers of endangered persons with regard to the dependence
on traffic intensity and structural and technological equipment, is based
on a probability attitude. The method utilises well-known tree charts,
but their dimensionality and thus also significant indeterminacy is mini-
mised by an expert system utilising fuzzy logics. Application of a deter-
ministic attitude is possible in the case of the other method, which is
based on the scenario analysis. Both attitudes are now developed in
a more detailed manner in the framework of the project [9]. The result
will be a proposal on a national risk assessment methodology.

SUMMARY OF COMPLETED AND PLANNED TUNNELS

All theoretical know-how is introduced into the practical use not only
at newly planned tunnel projects but also at tunnels that have been com-
pleted. The table below contains information on the tunnel name, length
and location. Tunnels on the Trans-European road network are marked
by an abbreviation TERN (7ab. 1).

The above summary shows that tunnel construction is developing pro-
gressively in the Czech Republic.

Nazev Umisténi Délka [m] Charakter
Name Location Length [m] Character
TUNELY V PROVOZU / OPERATING TUNNELS
VySehradsky / VySehrad Praha / Prague 34 mestsky / urban
Letensky / Letnd Praha / Prague 426 meéstsky / urban
TéS$novsky / Tesnov Praha / Prague 345 méstsky / urban
Strahovsky / Strahov Praha / Prague 2004 meéstsky / urban
Zlichovsky / Zlichov Praha / Prague 196 meéstsky / urban
Mrézovka / Mrazovka Praha / Prague 1300 méstsky / urban
Kokofinsky / Kokorin Stredocesky kraj/ Central Bohemian Region 20 silni¢ni / road
Hrebe¢ / Hrebec Pardubicky kraj / Pardubice Region 355 TERN / TERN
Secsky / Se¢ Pardubicky kraj / Pardubice Region silni¢ni / road
Liberecky I/ Liberec I Liberecky kraj / Liberec Region 450 meéstsky / urban
Liberecky II / Liberec II Liberecky kraj / Liberec Region 280 meéstsky / urban
Lipnik nad Be¢vou / Lipnik nad Bec¢vou Olomoucky kraj / Olomouc Region 98 silni¢ni / road
Jihlavsky / Jihlava Vysocina / VysoCina Region 325 silni¢ni / road
Pisarecky / Pisdrky Jihomoravsky kraj / South Bohemian Region 513 meéstsky / urban
Husovicky / Husovice Jihomoravsky kraj / South Bohemian Region 574 méstsky / urban
TUNELY VE VYSTAVBE / TUNNELS UNDER CONSTRUCTION
R1 /514 (Lochkov) / R1 / 514 (Lochkov) Praha / StredoCesky kraj /

Prague / Central Bohemian Region 1610 silni¢ni / road
R1 /513 (Komorany — celkem 2) / Praha / StredoCesky kraj /
R1 /513 (Komorany — 2 in total) Prague / Central Bohemian Region 2000 silni¢ni / road
D5 / Valik / DS / Valik Plzensky kraj / Plzen Region 380 TERN / TERN
D8 / Panenskd / D8 / Panenskd Ustecky kraj / Usti nad Labem Region 2021 TERN / TERN
D8 / Libouchec / D8 / Libouchec Ustecky kraj / Usti nad Labem Region 535 TERN / TERN
D48 / Klimkovice / D48 / Klimkovice Moravskoslezsky kraj / Moravia-Silesian Region 1080 TERN / TERN
Dobrovského / Dobrovského Jihomoravsky kraj / South Moravian Region 1258 meéstsky / urban
TUNELY V PRIPRAVE / TUNNELS IN THE PLANNING PHASE
Blanka / Blanka Praha / Prague 5500 meéstsky / urban
R1 /518 (Suchdolsky) / R1 /518 (Suchdol)  Praha/ Stredo&esky kraj / Prague / Central Bohemian 1979 silni¢ni / road
Rybarka / Rybérka Praha / Prague 855 silniéni / road
Radlicka radidla / celkem 3 tunely
Radlice Radial Road / 3 tunnels in total Praha / Prague 2881 méstsky / urban
D8 / Prackovice / D8 / Prackovice Ustecky kraj / Usti nad Labem Region 270 TERN / TERN
D8 / Radejéin / D8 / Radejéin Ustecky kraj / Usti nad Labem Region 620 TERN / TERN

Tabulka 1
Table 1




1 —Natér dilataéniho celku s propojkou a SOS vyklenkem v signalni
zelené barvé / The coat of signal green paint on an expansion block
with a cross passage and an SOS niche

2 — Znaceni tnikovych cest / Escape route sign

3 — Barevny vodici pruh v charakteristické barvé tunelového tseku /
Coloured edge line - the colour characterising the tunnel section

4 — Tunelova propojka / Cross passage

5 — Oznaceni SOS vyklenku pismem vysky 1000 mm v luminiscenénim
natéru / Marking of an SOS niche with 1000 mm high letters;
luminescent paint

6 — Oznaceni SOS skrini / SOS box sign

7 — Nouzovy chodnik / Emergency walkway

Obr. 1 Bezpecnostni prvky tunelu Mrdzovka
Fig. 1 Safety elements of the Mrdzovka tunnel

Z uvedeného piehledu vyplyvé, Ze se vystavba tuneld v Ceské
republice progresivné rozviji.

PRIKLAD REALIZACE MESTSKEHO TUNELU
— TUNEL MRAZOVKA

Tunel Mrédzovka je v dobé pripravy tohoto ¢lanku poslednim
tunelem, ktery byl otevirdn pro provoz v 1été roku 2004. Pro-
jektové priprava tunelu Mrézovka byla ale zahdjena jiZ v roce
1992. Tunel Mrézovka je soucdsti prazského méstského okruhu
a jeho vystavbou doSlo ke zprovoznéni zdpadni Cdsti okruhu
v délce cca 6 km. Dopravni situace v jednom tseku okruhu
vyznamné ovliviiuji provoz v sousednich dsecich i na navazuji-
cich méstskych komunikacich, a proto bylo technologické vyba-
veni tunelu Mrédzovka feSeno jako ITS systém zahrnujici
i nezbytné technické prostiedky pro prenos informaci mezi
useky i propojeni se systémy fizeni dopravy v prilehlé oblasti
Prahy.

NavrZzené technologické vybaveni tunelu Mrdzovka slouZi
k zajisténi bezpetného provozu vozidel a osob v tunelu pri
zachovdni ekonomickych a ekologickych pozadavku. Po dobu
Zivotnosti musi tunely vyhovovat pozadavkum plynulé a bez-
pecné jizdy vozidel, bezpecnosti prace obsluhy, podminkdm
hospoddrnosti s co nejmen$i ndroCnosti a pracnosti Udrzby
tuneld pfi provozu. Pfi tvorbé funk&ni architektury tunelu byly
rozliSeny tfi hlavni oblasti:

Dopravni systém: zajiStuje kompletni dopravni funkce a je
dzce vazan na dal$i systémy fizeni mésta; poskytuje data pro
dal3{ subsystémy fizenf;

Bezpeénostni vybaveni: zahrnuje nékolik subsystému zajis-
tujicich bezpecnost pro uzivatele tunelu a obsluhujici personal;

Technicka zarizeni: zabezpedujici funk&nost tunelu: systémy
ventilace, napdjeni, osvétleni atd.; zabezpeluji prijatelné pod-
minky nejenom pro uZivatele tunelu, ale i pro SirSi okoli tunelu.

Na obr. 1 jsou patrné nékteré bezpecnostni prvky pri pohledu
do tunelové trouby tunelu Mrazovka v misté unikovych vycho-
da. Ndvrh informaé&niho systému tunelu Mrdzovka vychdazel ze
zavéru a doporuéeni studie bezpecnosti méstského okruhu
v tseku Barrandovsky most — Pelc Tyrolka. Pfi ndvrhu tunelu
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AN EXAMPLE OF IMPLEMENTATION OF AN URBAN TUNNEL
- THE MRAZOVKA TUNNEL

The Mrazovka Tunnel was opened to traffic in the summer of 2004.
(No other tunnel has been inaugurated since.) The Mrdzovka tunnel
design stage commenced in 1992. The tunnel is part of the Prague City
Circle Road. The construction made it possible to operate a 6 km length
of the western part of the Circle Road. Traffic situations within one sec-
tion of the Circle Road significantly affect the traffic in the neighbouring
sections and connected streets. For that reason the technical services in
the Mrdzovka tunnel were solved as an ITS system incorporating also
technical means necessary for transmission of information between the
sections, and interconnection with the traffic management systems used
in the adjacent Prague districts.

The designed equipment of the Mrdzovka tunnel ensures safe vehicu-
lar traffic and movement of persons in the tunnel, whilst meeting the
economic and environmental requirements. The tunnel tubes must com-
ply with the requirements for fluent and safe movement of vehicles,
safety at work of maintenance crews, conditions of economy with the
lowest possible demands on the tunnel maintenance carried out under
traffic. The following three main areas were distinguished when the
functional tunnel architecture was being developed:

Traffic System: it ensures complete traffic functions and is closely
connected to other city management systems; it provides data for other
management sub-systems;

Safety Equipment: it comprises several sub-systems that provide
safety for tunnel users and operating staff;

Technical Services: they ensure functionality of the tunnel: ventilation,
power supply, lighting and other systems; they ensure acceptable conditi-
ons not only for tunnel users but also for a wider area around the tunnel.

Some safety elements seen in the Mrdzovka tunnel tube at emergency
exits are shown in Fig. 1. The design of the Mrdzovka tunnel’s informa-
tion system was based on conclusions and recommendations contained in
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1 - Datova sit'na lokalnim veliné aut. tunelu Mrazovka /
Data network in the Mrazovka tunnel’s local control room
2 — Prenosy dat na centrilni veliny /
Data transmission to management centres
3 — Oddélené pozarni prostory / Separate fire-protected rooms
4 — Operator dopravy / Traffic operator
5 — Operator technologie / Technical services operator
6 — Lokalni pracovi§té na velinu aut. tunelu Mrézovka /
Local workplace in the Mrazovk tunnel’s control room
7 — Prevodniky metalicka/opticka sbérnice /
Metalic/optical bus transducers
8 — Opticka vlakna / Optical fibres
9 — Dvojitd sbhérnice s kruhovou topologii pro distribuovanou I/O
stranu RS / Duplicate busbars with circular topology for
the distributed I/O side of the MS
10 — Data / Data
11 — Stanice ridiciho systému / Control system stations

vy v

12 — Rozvadé¢ rizeni / Control switchboard

Obr. 2 Principidlni schéma Fidiciho systému a komunikaénich tras
Fig. 2 Block diagram of the control system and communication routes




Obr. 3 Hlavni dopravni Fidici vstiedna v Praze
Fig. 3 Main traffic management centre in Prague

byl kladen diraz na dobrou informovanost uZzivatelu tunelu
o jejich poloze v rdmci celého useku. Ten bude po dokonceni
predstavovat cca 10 km podzemnich komunikaci. V prvni fézi
feSeni udélosti se predpoklddd samozédchrana osob (self-rescue),
které jsou v misté uddlosti. Proto je misto dnikovych vychoda
do druhé tunelové trouby oznaceno v celém profilu zelenou sig-
ndlni barvou a kazdy SOS vyklenek je oznaen ndpisem vyso-
kym 1 m v luminiscenénim provedeni. Unikové cesty a SOS
skfiné jsou vyznaCeny svételnymi ndpisy a kazdy tunelovy dsek
bude mit vodici pruh jiné barvy. Tunel Mrdzovka ma vodici
pruh Cerveny. Pred otevienim tunelu byly provedeny poZarni
testy, které ovérily navrzenou funkénost a tcinnost systému
pozarniho vétrani a celého fidiciho systému. Kromé toho proka-
zaly opodstatnénost vySe uvedenych tprav v designu tunelu.

Ustiednim &lankem vybaveni tunelu je fidici systém techno-

logického a dopravniho vybaveni. Takovyto fidici systém vyu-
Ziva specidlniho softwarového vybaveni k dosaZeni koordinova-
ného chodu jednotlivych provoznich celkt tunelu, jako jsou
energeticky systém, ventilace, osvétleni, elektronickd pozarni
signalizace (EPS), elektronicky zabezpecovaci systém, Cerpaci
stanice a proménné dopravni znaeni. Ridici systém tunelu Mra-
zovka splnuje ve shodé s TP98 ndsledujici zdkladn{ kritéria:

— horka zdloha centrdlnich fidicich automatd (hot-standby
redundance),

— redundance prenosového vedent,

— kazdéa vétev prenosového vedeni umisténa v jiném tubusu
tunelu,

— redundantni komunika¢ni vazba na méstské fidici systémy,

— redundantni spojeni s dstfednou pozérni signalizace (para-
lelni, sériové),

— integrace kamerového dohledu do fidiciho systému,

— reakce stanic ridictho systému v pripadé mimordadné situace
(poZar, koncentrace plynu, opacita, vznik ndled{) je automa-
tickd a musi nastat i v pfipadé vypadku komunikace fidicich
stanic s nadfazenymi vizualizaénimi drovnémi.

Zakladnim prvkem, tvoficim systém fizeni tunelu Mrazovka,
jsou dvé hlavni fidici stanice tvorené programovatelnymi auto-
maty prumyslového typu, doplnéné programovatelnymi automa-
ty a jednotkami vzddlenych vstupt a vystupl na niZ$i hierar-
chické drovni, které jsou umistény u ovlddané nebo monitoro-
vané technologie. Stanice obsahuji naprogramované postupy
pro feSeni standardnich i mimordadnych situaci. Velin automobi-
lového tunelu Mrédzovka je pri béZném provozu bez dispeerské
obsluhy. Je vybaven dvéma plnohodnotnymi dispeerskymi pra-
coviSti pro fizeni dopravy i technologie tak, aby v pripadé
vypadku datové komunikace s nadfazenou trovni bylo moZno
operativné prevzit fizeni z tohoto mista.

V souladu se zarazenim tunelu do nejvyssi bezpecnostni
kategorie TA je hlavni stanice fidicitho systému redundantni
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the Study on safety of the City Circle Road within the Barrandov Bridge
— Pelc Tyrolka section. The design was developed with due considerati-
on paid to ensuring tunnel users” awareness of their position along the
entire section. Once completed, this section will comprise 10 km of an
underground road. Self-rescue of persons present at an emergency loca-
tion is anticipated for the initial phase of any emergency. For that reason
the locations of escape exits leading to the other tunnel tube are marked
by green signal painting carried out around the tunnel circumference, and
each SOS niche is marked by a 1m high luminescent sign. Escape routes
and SOS boxes are marked by illuminated signs; the colour of the edge
line will differ in each tunnel section. The Mrazovka tunnel has a red
edge line. Fire tests were conducted before the tunnel opening to traffic.
The testing verified the functionality and efficiency of the fire ventilation
system and overall management system. In addition, it proved that the
above-mentioned modifications of the tunnel design were well-founded.

The central element of the tunnel equipment is the technological and

traffic equipment control system. This control system utilises special
software designed to achieve co-ordinated running of individual tunnel
equipment systems, e.g. the power supply system, ventilation, lighting,
electronic fire alarm and detection system, electronic signalling system,
pumping stations and variable traffic signs. The Mrdzovka tunnel’s con-
trol system complies with the Technical Specifications TP98, namely the
following criteria:

— Hot-standby central control stations PLC,

— redundancy of transmission lines,

— each branch of the transition lines placed in another tunnel tube,

— redundant communication link to city management systems,

—redundant connection with the fire alarm and detection exchange
(parallel, in series),

— integration of the camera surveillance system into the control sys-
tem,

— response of the control system stations in the case of an emergency
(fire, concentration of gases, opacity, black ice formation) is auto-
matic and it must take place even in the case of a breakdown of
communication of the control stations with superior visualisation
levels.

The basic element forming the management system of the Mrazovka
tunnel is a pair of control stations consisting of programmable industri-
al-type automatons supplemented by programmable automatons and
remote input and output units at a lower hierarchic level. The stations ale
installed at the equipment set that is to be controlled or monitored. They
contain pre-programmed procedures for the solution of both standard
and extraordinary situations. No operator is present in the Mrdzovka
road tunnel’s control room during routine tunnel operation. The facility
is equipped with two full-extent traffic and tunnel services control work-
places so that the control can be taken over and carried out from this
place in the case of a data communication breakdown.

As consistent with the categorisation of the tunnel as TA, i.e. the hig-
hest safety category, the main station of the control system is redundant,
in the hot-standby regime. This means that this is a pair of stations, each

Obr. 4 Centrdlni velin Fizeni tuneli v Praze
Fig. 4 Tunnel technical services management centre in Prague
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v rezimu ,,hot—stand-by*, tzv. ,horké zdlohy*. Znamena to, Ze
tyto stanice jsou dvé, umisténé v oddélenych poZarnich prosto-
rech. Obé stanice soustavné synchronizuji svoje data i béh pro-
gramu, takZe pii vypadku jedné z nich systém mzikové piejde
na aktudlni zdlohu. Ddle je rovnéZ provedeno redundantni
komunika¢ni vedeni k podfizenym jednotkdam. Topologie a kon-
strukéni provedeni tohoto komunikaéniho vedeni je takovd, Ze
spoleéné zajistuji plné redundantni tok dat v obou tubusech. Na
obr. 2 je naznaceno, jak je dosaZzeno maximdlni mozné spolehli-
vosti fidiciho systému. Pfi vypadku jedné z fidicich stanic tedy
systém ,,nepoznd”, Ze doslo k problému a stdle pracuje normal-
neé. Kazdd z hlavnich stanic komunikuje prostfednictvim své
vyhrazené sbérnice se v§emi podiizenymi stanicemi. TakZe i zde
je dvojitd zdloha. Podrizené stanice, kterych je v tunelu celkem
25, jsou propojeny kruhovou sbérnici. Dojde-li k prerusSeni
kabelu mezi stanicemi, je stanice zdsobovdna daty z druhé stra-
ny. Znamena to, ze kazda stanice v tunelu muze dostdvat a pre-
ddvat informace Ctyfmi sméry. Pfi takto konfigurované siti je
bezpecnost témér absolutni. Docileni tohoto stavu neni
elementarni zdlezitosti, ale softwarovy produkt Kerberus® tyto
pozadavky splnuje.

Vlastni dispeCersky dohled a fizeni tohoto automobilového
tunelu jsou rozdéleny na dvé &dsti — fizeni dopravy a fizeni
technologie. Dopravni systém tunelu je propojen dvéma neza-
vislymi trasami o délce cca 5 km na hlavni dopravni fidici
ustfednu v Praze, kde je ve smyslu ITS zédsad integrovan
s méstskym fidicim systémem, viz obr. 3. Technologické
soubory tunelu jsou fizeny a monitorovany z centrdlniho dispe-
Cinku vSech prazskych tunelu, ktery je vzdilen cca 2 km, viz
obr. 4.

Pfi ztraté komunikace mezi timto lokdlnim fidicim systémem
a nadfazenymi veliny fizeni dopravy nebo technologie prechazi
tento systém do plné autonomniho provozu, i kdyZ je ztrita
komunikace velmi nepravdépodobna diky tomu, Ze trasy jdou
oddélené ruznymi tunelovymi tubusy. Reakce fidictho systému
v pripadé mimorddné situace (pozar, koncentrace plynu, opaci-
ta, vznik ndledi a podobné situace) je automatickad a jeji algorit-
my pocéitaji i s moznym vypadkem komunikace s nadfazenymi
veliny i operatorskou stanici na lokdlnim velinu.

ZAVER

Clanek ukazuje prehled koncepéniho fefeni vybavovani sil-
ni¢nich tuneld v Ceské republice, na kterém se podileji vefejné
i privatni instituce. Diky tomuto propojeni a spolecné tvorbé
standardu a technickych podminek Ize mluvit o ,,ceské Skole* ve
vybavovdni a bezpelnosti tuneld, coZ je potvrzeno i vyukou
tunelovych systéma v ramci pfedmétu Inteligentni dopravni
systémy na Fakulté dopravni CVUT. .

PROF. ING. PAVEL PRIBYL, CSc.,
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ING. LUDVIK SAJTAR, SATRA, s. r. 0.,
e-mail: ludvik.sajtar@satra.cz

LITERATURA / REFERENCES

TuouHel

of them installed in separate fire-protected rooms. Both stations conti-
nually synchronise their data and the running of programs. Therefore the
system switches instantaneously to the current standby facility in the
case of a breakdown of one of them. In addition, redundant communi-
cation routes to secondary units are also installed. The topology and con-
struction of the communication routes guarantees a fully redundant flow
of data in both tunnel tubes. A chart showing how the maximum possib-
le reliability of the control system is achieved is in Fig. 2. The system
does not “recognise” that a problem arose due to a failure of one of the
control stations, and it keeps running in a normal way. Each of the main
stations communicates with all secondary stations via its own dedicated
bus bar. This means that there is a double reserve also there. The 25
secondary stations installed in the tunnel are interconnected via a circu-
lar bus. When the cable is interrupted the station is supplied with data
from the other side. This means that each station in the tunnel can rece-
ive/transfer information in four directions. The network configured in
this way provides nearly absolute safety. It is not an elementary issue
to achieve this condition. However, the Kerberus® software product
meets these requirements.

The control surveillance and management of this road tunnel is divi-
ded into two parts — traffic management and tunnel technical services
management. The tunnel traffic system is connected to the Main traffic
management centre in Prague via two independent routes about 5 km
long. At this centre, this system is integrated with the city traffic mana-
gement system according to the ITS principles, see Fig. 3. The tunnel
technical services are controlled and monitored from a management
centre controlling all Prague tunnels, see Fig. 4. The distance of this
centre from the tunnel is about 2 km.

When the communication between this local management centre and
the superior traffic and technical services management centres is inter-
rupted, this system switches to fully automatic operation. Although, the
interruption of communication is very improbable owing to the fact that
the routes are separate, running through different tunnel tubes. The res-
ponse of the management system in the case of emergency (a fire, con-
centration of gases, opacity, black ice and similar situations) is automa-
tic, and its algorithms allow for the possibility of interrupted communi-
cation with superior control centres or the control station in the local
control room.

CONCLUSION

This paper provides an overview of the conceptual solution of equip-
ment in road tunnels in the Czech Republic provided jointly by public
and private institutions. Thanks to this connection and joint work on the
development of standards and technical specifications, we can speak
about a “Czech school” of equipment and safety in tunnels. This state-
ment is proven by the fact that tunnel systems are a topic of Intelligent
Traffic Systems lectures read at the Faculty of Traffic Engineering of the
Czech Technical University. 5
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REALIZACNI DOKUMENTACE DEFINITIVNIHO
OSTENI TUNELU LIBOUCHEC

DETAILED DESIGN FOR THE FINAL LINING
OF THE LIBOUCHEC TUNNEL

LIBOR MARIK, JIRI HOREJSI

uvoD

Dilnice D8 spojuje hlavni mésto Prahu se severoteskym Ustim
nad Labem a pokracuje déle pres stitni hranici se Spolkovou repub-
likou Némecko smérem na Drazdany. Po dokondeni viech dsekl
bude ddlnice tvofit vyznamnou severo-jizni komunikaéni tepnu
evropského formatu. Délni¢ni tunel Libouchec leZi na tiseku dalnice
D8, stavby 0807/II Kninice — stdtni hranice SRN. Pfevadi trasu ddl-
nice plochym hibetem v podhufi Krugnych hor jihozdpadné od obce
Libouchec, kterd mu dala jméno. Z kapacitnich i bezpecnostnich
duvodu je tunel smérové rozdélen do dvou tunelovych trub o dvou
jizdnich pdsech $itky 3,5 m. Tunely propojuji dvé pruchozi tunelové
propojky. Jedna se o tibo¢ni tunely, jejichZ orientace vzhledem k reli-
éfu terénu nenfi z hlediska vystavby a ndvrhu hloubenych tseku tune-
lu idedlni. Vyvolava nutnost odtéZen{ velkého objemu horniny z asy-
metrickych stavebnich jam. Nerovnomérnost zatiZeni hloubenych
tseku tunelu zpétnym zdsypem nepiiznivé ovliviiuje dimenze osténi
i mnoZzstvi vyztuZe. Celkova délka zdpadniho tunelu dosahuje 504 m,
délka vychodniho tunelu ¢ini 520 m. Pfiportdlové dseky obou tune-
lovych trub jsou provddény v oteviené stavebni jame a zpétné zasy-
pany, zbyvajici dseky jsou razeny Novou rakouskou tunelovaci
metodou (NRTM). Béhem zpracovani realizaéni dokumentace stav-
by (RDS) tunelu do$lo k fadé zmén v technickém feSeni, které
zohlednovaly skuteéné zastizené geotechnické podminky. K nejzd-
sadnéj$im patfil ndvrh definitivniho osténi z prostého betonu. I kdyZ
se jednd o postup, ktery je v zahranic¢i v obdobnych geotechnickych
podminkdch b&Zné aplikovin, v Ceské republice pfi razbé tuneld
pomoci NRTM dosud pouZit nebyl.

GEOTECHNICKE PODMINKY

Tunely prochézeji severovychodnim okrajem kruSnohorského krys-
talinika zastoupeného silné metamorfovanymi horninami. Pod vrstvou
pokryvnych dtvart tvofenych stiedné ulehlymi sutémi, silné pis¢itymi
hlinami a §térky o celkové mocnosti do 3 m se nachdzi vrstva zcela az
silné zvétralych ortorul predkvartérniho skalniho podkladu dosahujici

Obr. 1 Jizni portdl vychodniho tunelu — zéna zvétrdni zasahuje aZ do virovné kaloty
Fig. I The South Portal of the Eastern Tunnel Tube — the zone of weathering
extending to the top heading level

INTRODUCTION

The D8 motorway links the city of Prague with Usti nad Labem in
North Bohemia and continues further across the state border with the
Federal Republic of Germany towards Dresden. This motorway will
constitute a north-south communication artery of European significance.
The Libouchec motorway tunnel lies in a section of the D8 motorway
between Kninice and the state border (construction lot 0807/1I1). It allows
the motorway to pass across a flat ridge of the Erz Gebirge (Kru$né
Hory) Mountains’ foothills, near the Libouchec village. For capacity and
safety reasons, the tunnel is divided into two tubes with the carriageways
containing two 3.5m wide traffic lanes each. The tunnel tubes are inter-
connected by two cross passages for pedestrians. The tunnel tubes are of
the offspur configuration. The orientation of the cut and cover sections
of the tunnel tubes to the terrain relief is not ideal, both from the con-
struction point of view and because of the asymmetric layout of the tun-
nels. The asymmetric arrangement of the construction trenches requires
large volumes of ground to be excavated. The uneven character of the
load exerted on the cut-and-cover tunnels by the backfill unfavourably
affects both the dimensions and amount of reinforcement of the concre-
te lining. The total length of the western and eastern tunnel tube amounts
to 540m and 520m respectively. The portal sections of both tubes are
built in an open pit and backfilled, the reminding sections are mined
using the New Austrian Tunnelling Method (NATM). A number of chan-
ges were adopted in the course of the development of detailed design to
take account of the actually encountered geotechnical conditions. The
design of the unreinforced concrete final lining was among the most
important. Even though this solution is commonplace in similar geo-
technical conditions abroad, it has not been applied in the Czech Repub-
lic to the NATM excavation yet.

GEOTECHNICAL CONDITIONS

The Libouchec tunnels run across a north-eastern edge of the Krusné
Hory crystalline complex formation, which comprises heavily meta-
morphosed rock types. The up to 3m thick cover consisting of medium
compact debris, extremely sandy loams and gravels lies on an up to
4m thick layer of heavily weathered orthogneiss forming the top of the
Pre-Quaternary bedrock. Slightly weathered to fresh orthogneiss, most-
ly heavily faulted, is predicted to be found under this layer. Based on the
assessment of the geotechnical exploration, the rock mass was divided
into quasi-homogeneous units of ground types featuring similar proper-
ties, which were used in the design of the construction trenches’ slopes
and, in the case of the cut-and-cover tunnel sections, in the design of the
NATM excavation classes. The excavation of the construction trench for
the south portal showed that the weathering zone above the western tube
reaches approximately the anticipated depth and it does not extend into
the tunnel cross section; regarding the eastern tunnel tube and, primari-
ly, the rock pillar between the western tube and the construction pit for
the eastern tube, the depth of the rock affected by weathering reached the
level of the top heading bottom (see Fig. 1). This situation affected the
technological procedure designed for the excavation of the construction
trenches, the position of the mined portal of the eastern tunnel tube, as
well as the lengths of the reinforced sections of the final tunnel lining.

BASIC TUNNEL PARAMETERS

Both tunnel tubes are on a horizontal curves. The centreline of the
western tunnel tube (WTT) and eastern tunnel tube (ETT) are created by
a 1060.10m-radius and 1004.85m-radius curve respectively. The trans-
versal incline of the roadway is of 4.5%. The optimum utilisation of the
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mocnosti 4 m. Pod touto vrstvou se jiZ podle prognézy mély vyskyto-
vat mirné navétralé az zdravé ortoruly, prevazné silné tektonicky poru-
Sené. Po vyhodnoceni vysledku IG prazkumu byl horninovy masiv
rozdélen na kvazihomogenni celky obdobnych geotechnickych vlast-
nosti, které slouZily pro navrh sklonu stavebnich jam a v pripadé raZe-
nych dsekd tunelu pro ndvrh technologickych tfid vyrubu. Pfi hloube-
ni stavebni jamy jizniho portalu se ukdzalo, Ze nad zdpadnim tunelem
dosahuje z6éna zvétrdni priblizné ocekdvané hloubky a nezasahuje do
prostoru tunelu, v pfipadé vychodniho tunelu a zejména horninového
pilite mezi zdpadnim tunelem a jdmou vychodniho tunelu v8ak zvétra-
1€ horniny zasahovaly az do drovné dna kaloty (viz obr. 1). Tato sku-
te¢nost ovlivnila technologicky postup odtéZovani stavebnich jam,
polohu raZenych portdli vychodniho tunelu i rozsah vyztuZzenych
tseku definitivniho osténi tunelu.

ZAKLADNI PARAMETRY TUNELU

Ob¢ tunelové trouby lezi ve smérovém oblouku. Osa zdpadni
tunelové trouby (ZTT) lezi v oblouku o poloméru 1060,10 m,
vychodni tunelové trouby (VTIT) o poloméru 1004,85 m. Pfi¢ny
sklon vozovky je 4,5 %. Odsazeni osy tunelu od osy jizdniho pasu
100 mm umoznuje optimalné vyuzit plochu vyrubu. Reliéf terénu
a poloha tunelt na dpati svahu zapri¢inuji vzdjemny posun polohy
portald ZTT a VTT a razba ZTT proto probihd soubéZné s hloube-
nim stavebni jdmy VTT. Mezi tunelem a stavebn{ jdmou vznikd hor-
ninovy pilif o mocnosti min. 7 m. Trasa stoupd od jihu k severu ve

v

sklonu 4,5 %, coZ je jednou z pfi¢in dovrchniho raZeni obou tuneld.

MERENI PRESNE INKLONOMETRIE
PRECISE INCLINOMETER MEASUREMENT

Vektorové feseni
Vector modelling
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Obr. 2 Deformace horninového pilire — inklinometrické méreni
Fig. 2 Deformation of the rock pillar — the inclinometer measurement

excavated cross section is possible owing to a 100mm offset of the tun-
nel centre line from the roadway axis. The terrain configuration and the
tunnel position at the base of the slope are the reason why the WTT and
ETT portals are staggered, i.e. the WTT is driven side by side with the
excavation of the construction trench for the ETT. A minimally 7m thick
rock pillar remains between the tunnel and the construction trench. The
alignment rises from the south to the north at a gradient of 4.5%. This is
one of the reasons for the uphill excavation direction of both tunnel
tubes. Larger portions of the tunnel tubes lengths are on a vertical curve.
The width configuration of the roadway corresponds to the T7.5 catego-
ry with the clearance height of 4.5m. There are walkways minimally
1.0m wide with cable ducts underneath on both sides of the roadway.
The theoretical excavated cross-section area depends on the thickness of
the primary lining for the respective excavation class; it varies from
85m? to 89m?2. The double-shell lining with waterproofing between the
shells has been used for the mined portions of the tunnel; the cut-and-
cover tunnel sections are provided with a membrane applied to the exter-
nal surface of the lining.

GEOTECHNICAL MONITORING

The geotechnical monitoring was carried out throughout the con-
struction of both the mined and cut-and-cover tunnel sections. The dis-
placement of the points fixed on the slopes of the construction trench
was observed by surveying methods. Inclinometers installed on the side
of the construction trench, above the tunnel profile and in the rock pillar
were used to monitor the condition of the construction pit excavation
together with the influence of the commencement of the tunnel excava-
tion (see Fig. 2). The excavation deformations were measured at con-
vergence stations having their convergence bolts attached to the surface
of the primary lining. The frequency of the measurements and the
distance between the monitoring stations corresponded to the construc-
tion needs and actually encountered conditions. The measurements were
carried out in compliance with the rules set by the design, unless extra-
ordinary situations occurred. Owing to the Barab information system (an
Internet-based information system), the results of the measurements
could be made available on the Internet immediately after the completi-
on of their assessment to authorised representatives of the parties invol-
ved in the construction using their respective access passwords. The
excavation operations followed the respective technological procedures
defined by the particular excavation classes. The measured values of the
excavation deformations lied under the limiting levels determined by the
detailed design. The maximum measured value of the vector of defor-
mation in the vicinity of the portal and in the section with the thicker
cover not exceeding 30mm and 70mm respectively prove that the rock
environment was extraordinarily stable. The advance per round, thus
also the excavation advance rate were limited only by the threat of local
overbreak which existed due to the extremely narrow spacing of discon-
tinuities. The geomonitoring also consisted of the monitoring of the
water table level, the degree of the groundwater aggressive action and
the mapping of the excavation face. The geomonitoring results were
used during the construction for verification and contingent modificati-
on of the technological procedure, both for the mining operations and
the excavation of the construction trenches. The assessed results of the
excavation deformation measurements contributed to the decision to
build unreinforced concrete final lining. Also the FEM mathematical
model was de-bugged and the load acting on the final lining was deter-
mined according to the actually measured values of the excavation
deformation.

FINAL LINING IN THE MINED TUNNEL SECTIONS

The contractor used the same movable shutter set for the casting of the
final lining in the mined tunnel sections that was used on the nearby
Panenskd tunnel. The works schedules for both tunnels allowed the shut-
ter from the Panenska tunnel to be fluently moved to the Libouchec tun-
nel. The final lining of the Libouchec tunnel is, according to the tender
documents, minimally 400mm thick at the crown of the arch. Compared
with the thickness of the liners of Czech tunnels driven using the NATM,
which usually does not exceed 350mm, this thickness is atypical. The
thickness of the final lining affects the geometrical position of the pri-
mary lining, thus also the geometry and fabrication of lattice girders.
The contractor and the author of the detailed design had to decide whet-
her the risk associated with the reduction of the final lining thickness
was to be taken by themselves or the original design was to be used. The
concept of the unreinforced concrete final lining was not counted with




Obr. 3 Sachovnicovd betondz definitivniho osténi
Fig. 3 Staggered pattern of the final liner casting

VEtsi Cdst tunelovych trub se nachdzi ve vyskovém zakruZovacim
oblouku. Sitkové usporddani vozovky odpovidd kategorii T7,5 pfi
vy3ce prujezdného prifezu 4,5 m. Po obou strandch vozovky se nad
kabelovody nachézeji chodniky minimdlni $itky 1 m. Teoretickd
plocha vyrubu zdvisi na tloustce primarniho osténi pro prislusnou
technologickou tfidu vyrubu a pohybuje se od 85 m2 do 89 m?2.
V raZzené Casti tunelu je navrZzeno dvoupldstové osténi s mezilehlou
izolaci, hloubené tuseky tunelu jsou izolovany plastovou izolaci
poloZenou na vnéjsi lic osténi.

GEOTECHNICKY MONITORING

Geotechnicky monitoring probihal po celou dobu vystavby hlou-
benych i raZenych dsekl tunelu. Pfi hloubeni stavebnich jam bylo
provadéno geodetické sledovéni posunu bodu osazenych na svazich
stavebni jamy. Inklinometry umisténé na boku jamy, nad profilem
tunelu a v horninovém pilifi monitorovaly stav odtéZovani jamy
i vliv zahdjen{ razby tunelu (viz obr. 2). V méfickych profilech
umisténych na lici priméarniho osténi probihalo méfeni deformaci
vyrubu. Cetnost méfeni a vzdjemna vzdilenost méfickych profildi
odpovidala potfebdm stavby a skute¢né zastizenym podminkdm.
Pokud nedochdzelo k vyjime¢nym situacim, probihala méfeni podle
zdsad uvedenych v projektu monitoringu. Informac¢ni systém Barab
umoznoval okamZité po vyhodnoceni umistit vysledky méfeni na
internetu a po zadéni pristupového hesla jejich zobrazeni odpovéd-
nym zdstupcum stran zGéastnénych pii vystavbé. Razba probihala
podle technologického postupu definovaného prislusnou technolo-
gickou tfidou vyrubu a namérené deformace vyrubu leZely pod mez-
nimi hodnotami, stanovenymi v realizacni dokumentaci. Maximdaln{
naméfend hodnota vektoru deformace do 30 mm v blizkosti portélu,
resp. do 7 mm v dseku s vy$§im nadloZim svéd¢i o mimorddné sta-
bilnim horninovém prostfedi. Délku zdbéru a tim i rychlost razby
limitovalo pouze nebezpedi lokdlnich nadvyrubu, ke kterym docha-
zelo kvuli vysoké hustoté diskontinuit. Souédsti geomonitoringu
bylo i sledovéani drovné hladiny podzemni vody a jeji agresivity
a dokumentace Celeb. Vysledky geomonitoringu slouzily béhem
vystavby k ovéfeni a eventudlnim dpravam technologického postu-
pu pfi razbé i hloubeni stavebnich jam. Vyhodnocené vysledky
méfeni deformaci vyrubu prispély k rozhodnuti o provadéni nevyz-
tuzeného definitivniho osténi. Na skute¢né naméfené hodnoty
deformaci vyrubu byl naladén matematicky model MKP a stanove-
no zatiZzen{ definitivniho osténi.

DEFINITIVNI OSTENI RAZENYCH USEKU TUNELU

Pro betondZ definitivniho osténi raZzenych dseku tunelu pouZil
dodavatel bednici vuz z nedalekého tunelu Panenskd. Harmono-
gram praci na obou tunelech umoznil plynuly presun formy z tune-
lu Panenskd na tunel Libouchec. Definitivni osténi tunelu Libou-
chec méd podle zaddvaci dokumentace minimdlni tloustku ve vrcho-
lu klenby 400 mm. V porovnani s tloustkou osténi ¢eskych tuneld
realizovanych pomoci NRTM, jejichZ dimenze zpravidla neprevy-
Suji 350 mm, se jednd o tloustku atypickou. Tloustka definitivniho

15. rocnik - €. 1/2006

in the primary lining design phase, therefore a change in the thickness of
the lining during the course of the excavation would have caused serious
problems due to the short length of the tunnel. The prognosis on the engi-
neering geological conditions was also rather unfavourable for the redu-
ced lining thickness. This is why competent representatives of the con-
tractor and employer agreed that the dimensions of the lining required by
the original design remained unchanged. The contractor decided that con-
tingent savings could be achieved by optimising the amount of reinfor-
cement steel in the final lining calculated on the basis of the assessment
of the geotechnical monitoring results. This is a typical example of the
observational method and one of the basic NATM principles. This,
however, means for the designers working on the detailed design that
they must wait with the calculation and preparation of the working dra-
wings of the final lining until the geotechnical monitoring results are ava-
ilable. The principal role is played not only by the magnitude of defor-
mation of the excavation, but primarily the rate at which the deformation
reaches its final value and the moment when the final lining is cast.

Based on the results of structural analyses and assessment of local
conditions, the tunnel was divided into sections with the reinforced
concrete final lining and sections with the unreinforced concrete final
lining. The initial concerns by the employer and by the Ministry of Tran-
sport’s supervision were successfully chased away through structural
analyses and tens of examples of similar structures completed abroad.
The execution of the unreinforced concrete lining was also made pos-
sible owing to the positive attitude adopted by all parties involved. The
change in the employer’s opinion on the formation of cracks in the tun-
nel lining represented the fundamental step towards the unreinforced
concrete lining design. The requirement for the prevention of cracks
relates rather to the execution of waterproof concrete liners without
a waterproofing membrane, where the waterproofing function is assu-
med by the concrete. Even in those cases, however, absolute prevention
of cracks is not required, only crack width limits are specified. Regar-
ding the Libouchec tunnel, the waterproofing system consists of a mem-
brane and longitudinal drains. The requirement for the crack width limi-
tation is therefore unsubstantiated and increases the construction cost.
The effort to change the original requirement came off, owing to the
active support by the representatives of the Ministry of Transport super-
vision and the author of the tender documents. This change allowed not
only construction of complete sections of the concrete lining without
reinforcement, but also significant reduction of the amount of rebar in
the tunnel sections lined with reinforced concrete. The reinforced conc-
rete lining was designed solely for the portal sections and for those cas-
ting blocks where the escape passages are connected to the tunnel. The
reinforcement was also installed locally, at combined niches for SOS
boxes and fire hydrants. The final lining concrete in the other sections of
the mined part of the tunnel remained unreinforced.

To provide protection of the structure against aggressive environment,
the contractor used C25/30 XF4 XD3 concrete for the casting of indivi-
dual 12m long blocks. In contrast with Austrian guidelines where the
protection against the aggressive action is provided by protective coating
and where the directive [1] warns against the application of the XF4
concrete because of its propensity for cracking, the protection of the
Libouchec tunnel structure against aggressive environment is ensured by
the concrete structure itself. The cracking and allowable depth and width
of cracks were the frequent topic of many discussions. The fears con-
cerning the randomly spreading shrinkage cracks did not materialize in
the course of the casting. The structure did not exhibit any cracks, either
when the shutter had been struck or in the period ending by the prepara-
tion of this paper. The first of the completed blocks were an exception.
Cracks up to Imm wide originated in the vicinity of the joints between
the casting blocks. Even local reinforcement of the given area with steel
mesh failed to prevent this phenomenon. A similar phenomenon had
been experienced during the casting of the final lining of the Bfezno
u Chomutova tunnel. The author of the detailed design consulted this
problem with the contractor and decided to change the concrete casting
system from a continuous sequence to a staggered pattern (see Fig. 3).
The cracks did not appear again. They had probably been caused by the
vibration of the travelling shutter, which was transferred via its jacket
into the lining of the block which had not long since been stripped.

STRUCTURAL ANALYSES OF THE FINAL LINING OF THE
MINED TUNNEL SECTION

Structural analyses of the final lining of mined tunnel sections carried
out whilst the detailed design are being prepared usually have the aim of
optimising the original design contained in the tender documents, con-
forming it to the actually encountered geotechnical conditions or the
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osténi ovliviuje geometrickou polohu primdrniho osténi a s tim
souvisejici vyrobu vyztuznych rdma. Dodavatel i zpracovatel RDS
byl postaven pred rozhodnuti vzit na sebe riziko sniZeni dimenzi
definitivniho osténi, nebo ponechat puvodné navrzené feSeni.
V dob¢ zpracovdni dokumentace primérniho osténi jesté nikdo
s ndvrhem nevyztuZeného definitivniho osténi nepodital a dprava
tloustky osténi pii razbé by pusobila vzhledem k malé délce tunelu
znaéné komplikace. RovnéZz prognéza inZenyrskogeologickych
poméru nebyla pro sniZovani tloustky osténi pfiznivéd. Po vzdjemné
dohodé kompetentnich zdstupctu dodavatele a investora proto zusta-
ly dimenze osténi podle pavodniho ndvrhu. Dodavatel se rozhodl
dosdhnout pfipadnych tspor optimalizaci mnozstvi vyztuZze defini-
tivniho osténi dimenzovaného na zdkladé vyhodnoceni vysledka
geotechnického monitoringu. Jedna se o typicky priklad observac-
ni metody a jeden ze zakladnich principit NRTM. Pro zpracovatele
RDS to vSak znamend vyckdvat s dimenzovdnim a zpracovdnim
vykrestu vyztuZe definitivniho ostén{ aZ na vysledky geotechnické-
ho monitoringu. Zdsadn{ roli hraje nejen velikost deformace vyru-
bu, ale predevsim rychlost, s jakou dojde k jejimu ustéleni, a oka-
mzik, kdy je betonovédno definitivni osténi.

Na zdkladé vysledku statickych vypocta a zhodnoceni mistnich
podminek byl tunel rozdélen na dseky s definitivnim osténim vyz-
tuZenym a dseky provdadéné z nevyztuZeného betonu. Pocdateéni
obavy investora i supervize ministerstva dopravy se podafilo roz-
ptylit provedenymi statickymi vypocty i desitkami piikladd obdob-
nych staveb realizovanych v zahrani¢i. K provddéni nevyztuzené-
ho osténi vyznamnou mérou prispél i pozitivni pristup vSech
zicastnénych stran. Zdsadni krok k ndvrhu nevyztuZeného osténi
predstavovala zména ndzoru investora na dimenzovani osténi se
zamezenim vzniku trhlin. Jednd se o pozadavek spojeny spiSe
s provadénim vodonepropustnych betonovych osténi bez izola¢n{
félie, kdy izolaéni funkci prebird beton. I v tomto pfipadé se vSak
jednd pouze o pozadavek omezeni §itky trhlin, nikoli o jejich tplné
zamezeni. V pripad¢ tunelu Libouchec zajistuje vodonepropust-
nost izola¢ni félie a podélnd tunelova drendz. Pozadavek omezeni
vzniku trhlin proto nemd opodstatnéni a stavbu prodraZuje. Za
aktivni podpory zdstupct supervize ministerstva dopravy i zpraco-
vatele zaddvaci dokumentace se podafilo puvodni pozadavek zmé-
nit. To umoZnilo nejen provadét celé tseky osténi zcela bez vyztu-
Ze, ale i podstatné zredukovat mnoZstvi vyztuze ve vyztuzenych
usecich tunelu. VyztuZené osténi bylo navrZeno jen v priportdlo-
vych tsecich a v blocich se zatisténim tnikovych chodeb. Lokdlni{
vyztuZeni se provadélo i v mist€ sdruzenych vyklenka skiiné SOS
a pozarniho hydrantu. Ostatn{ Useky razené Casti tunelu vyztuZeny
nebyly.

Pro betondz jednotlivych sekci délky 12 m pouzil dodavatel beton
C25/30 XF4 XD3. Duvodem je ochrana konstrukce proti agresivité
prostredi. Na rozdil od rakouskych doporudeni, kde ochranu proti
agresivité zajiStuje ochranny ndtér a kde smérnice [1] varuje pred
pouzitim betonu XF4 z davodu vétsi nachylnosti ke vzniku trhlin,
zajiStuje v pripadé tunelu Libouchec ochranu proti agresivité
prostfedi pfimo betonovd konstrukce. Vznik trhlin, jejich pripustnd
hloubka i §itka byly ¢astymi tématy mnoha jednéni. Pfi vlastni beto-
nézi se v8ak obavy z §ifeni divokych smr§tovacich trhlin nepotvrdi-
ly. Konstrukce nevykazovala po odbednéni ani v obdobi do zpraco-
véni textu ¢lanku zadné trhliny. Vyjimku tvofil pfipad prvnich beto-
novanych bloku, kde ve vrcholu klenby dochdzelo ke vzniku
trhlin $ifky do 1 mm v blizkosti spary mezi bloky betondZe a nepo-
madhalo ani lokdlni vyztuzeni dané oblasti vloZenim betondrské sité.
Obdobné zkuSenosti jsou zndmy z betondZe definitivniho osténi
Zelezni¢niho tunelu Bfezno u Chomutova. Po poradé s dodavatelem
navrhl zpracovatel RDS zménit postup betondZe z plynulého na
Sachovnicovy (viz obr. 3). Trhliny se na takto betonovanych blocich
jiZz neobjevily. Ke vzniku trhlin dochdzelo pravdépodobné negativ-
nimi G¢inky vibraci bedniciho vozu, které se prenasely jeho plastém
do Cerstveé odbednéného bloku osténi.

STATICKE VYPOCTY DEFINITIVNIHO
OSTENI RAZENYCH USEKU

Ukolem statickych vypoétd definitivniho osténi raZenych tsekt
tunelu provddénych v rdmci RDS byvd zpravidla optimalizace
puvodniho ndvrhu zaddvaci dokumentace na skutené zastiZené
geotechnické podminky, resp. horninovy tlak. ProtoZe s ndvrhem
nevyztuzeného definitivniho osténi pavodn{ zaddvaci dokumentace
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actual confining pressure. Because the original tender documents had
not allowed for the unreinforced concrete final lining option, the struc-
tural analyses had to prove that the unreinforced concrete structure was
viable and the bearing capacity of the structure was sufficient. The
structural assessment of the unreinforced lining, but also other docu-
ments (an economic assessment, technological procedure of the work
proposal, requirements for the lining surface finish, a certificate of fire
resistance of the structure, etc.) served as a basis for the
employer’s decision to approve this solution. The structural analysis
proving the bearing capacity of the unreinforced lining was carried out
by ILF Consulting Engineers Innsbruck [3], the reinforced concrete
sections were calculated by the Prague office of IKP Consulting Engi-
neers [4]. Both calculations were identical in many boundary conditi-
ons. The author of the detailed design utilized the RIB Tunnel program
for the calculation of internal forces and deformations of the primary
lining and for modelling of individual tunnel excavation phases. The
geotechnical input parameters of the mathematical model utilized for
the calculation of the primary lining yielded the same results as those
obtained in the framework of the geotechnical monitoring.

Therefore, the structural engineer did not have to adjust the mathe-
matical model using the actually measured values of deformations and
used directly the model for the determination of the load acting on the
final lining. The confining pressure load acting on the final lining of
the tunnel was modelled as the contact pressure between the primary
lining and the rock. The model for the load was based on an assump-
tion of total degradation of all elements of the primary lining, where
the final lining takes full load exerted by the rock mass. This is a con-
servative attitude because it can be expected that the primary lining
will carry certain portion of the load throughout the tunnel service life.
The tunnel lining was modelled as a beam structure embedded in an
elastic layer with tension cut-off condition. The fact that the non-line-
ar behaviour of concrete, also with the tension cut off, was taken into
account presents another of the common approaches of both calculati-
ons. The concrete lining was cast when the primary lining deformati-
ons had reached their final values. We can therefore assume that imme-
diately after the casting the final lining is loaded mainly by its dead
weight, temperature effects and equipment fixed to the lining. The con-
fining pressure is carried by the primary lining in this phase. The pri-
mary lining continuously deteriorates with time as a result of the action
of the environment that the lining is built in, thus the load is gradually
transferred from the primary lining to the final lining. The intermedia-
te waterproofing layer between the primary and secondary lining pre-
vents the transfer of tangential forces, therefore the final lining is loa-
ded only by the radial component of the contact pressure. The following
loads or their combinations were introduced into the calculation: the
dead weight of the structure, temperature of the lining in winter and
summer seasons, shrinkage and creep, the confining pressure and for-
ces induced by technical equipment. Regarding the verification of the
dimensions of the unreinforced lining, a load cases matrix combining
individual loads with respective load confidence coefficients was deve-
loped in the calculation process. With the exception of the confining
pressure, all of the loads complied with the values required by regula-
tions. Variations of the magnitude of the confining pressure were app-
lied to the respective calculation combinations until the particular com-
bination of the loads was found that brought the structure into the ulti-
mate limit state. The proportions of the confining pressure loads sche-
matically corresponded with the distribution of the radial contact pres-
sure between the primary lining and the ground (see Fig. 4).

The ultimate limit state does not represent the only criterion used in
the analysis of the unreinforced lining. For that reason the calculation
carried out according the Eurocode deals also with the depth and width
of the cracks. Unless special properties are required (e.g. the waterp-
roofing), the maximum depth of cracks in an unreinforced concrete
structure is not explicitly set. The NAD recommendations 4.1 and 4.2
for the CSN EN 1992-1-6 are well-founded in structures of buildings,
where the cross section responds to the exceeded eccentricity e > 0.3 hw
by a rapid increase in the stress. A final tunnel liner is a structure
embedded in the rock mass all around its periphery. The system for-
med by the rock mass and the final lining does not respond to the inc-
reased eccentricity so sensitively. This is why there is no reason for the
NAD recommendations to be applied in the assessment of the final
tunnel liner. As a criterion applicable to this case, we consider to be the
reduction of stress in concrete to an acceptable limit in accordance
with the CSN 73 1201 stipulation eq = 0.9 agc, where ag is the distan-
ce of the compression rim of the cross section from the centre of
gravity of the cross section. When this condition determining the




64%

64% 64%

90% 100%

40%
0%

Obr. 4 Proporciondlni rozdéleni zatiZeni horninovym tlakem na rubu osténi
Fig. 4 Proportional distribution of the confining pressure along the reverse
side of the liner

nepocitala, musely statické vypocty nejprve prokdzat, Ze je prova-
déni nevyztuzeného osténi redlné a konstrukce ma dostate¢nou
unosnost. Na zdkladé statického posouzeni nevyztuZeného osténf,
ale i na zdkladé dalich podkladu (ekonomické posouzeni, ndvrh
technologického postupu vystavby, pozadavky na povrch osténf,
prukaz pozérni odolnosti konstrukce apod.) rozhodl investor o jeho
provadéni. Staticky prukaz tnosnosti nevyztuZzeného osténi pro-
vedla v subdodavce firma ILF Consulting Engineers Innsbruck [3],
vypocet vyztuZenych tseku osténi zpracovala prazska kanceldr IKP
Consulting Engineers [4]. Oba vypocty se shodovaly v mnoha
okrajovych podminkdch.

Pro vypocet vnitfnich sil a deformaci primdrniho osténi pouZil
zpracovatel RDS program RIB Tunnel, ve kterém namodeloval jed-
notlivé faze razby tunelu. Geotechnické vstupni parametry matema-
tického modelu pouzitého pro vypocet primdrniho osténi poskyto-
valy stejné vysledky, jaké byly naméfeny v ramci geotechnického
monitoringu. Proto nemusel statik provddét ladéni matematického
modelu na skute¢né namérené hodnoty deformaci a model pfimo
pouZil pro stanoveni zatiZeni definitivniho osténi. Kontaktni napéti
mezi primdrnim osténim a horninou pak slouZilo jako zatiZeni hor-
ninovym tlakem, kterym pusobi horninovy masiv na definitivni
ostén{ tunelu. Model zatiZeni vychézel z predpokladu tplné degra-
dace v8ech prvku primdrniho osténi, kdy definitivni osténi pIné pre-
bird zatiZeni horninou. Jednd se o konzervativni pristup, nebot lze
predpoklddat, Ze urCitou &dst zatiZzeni po dobu Zivotnosti tunelu pri-
marn{ osténi prenese.

Ostén{ tunelu ve vypocetnim programu nahrazovala prutovéa kon-
strukce osazend do horninového prostredi pruznym uloZenim
s vyloucenim tahu. Dals{ spole¢ny znak obou vypoctu predstavova-
lo zohlednéni nelinedrniho chovani betonu rovnéz s vylouéenim
tahu. BetondZ osténi probihala po odeznéni deformaci primdrniho
osténi. Proto lze predpoklddat, Ze definitivni osténi bezprostfedné
po betondzi zatéZuje prevdzné vlastni tiha, teplotni vlivy a zaf{zeni
na ném umisténd. Zatizen{ horninovym tlakem v tuto dobu prenasi
primarn{ osténi. V prubéhu ¢asu dochdz{ vlivem plsobeni prostiedi,
v némZ je primérn{ osténi zabudovdno, k jeho postupné degradaci,
a tim k postupnému prenosu zatiZeni z primarniho osténi na ostén{
definitivni. Vrstva mezilehlé izolace mezi primarnim a sekunddrnim
osténim zamezuje prenosu tangencidlnich napéti a definitivni osténi
zatéZuje pouze radidlni slozka kontaktniho napéti. Do vypoctu vstu-
povala ndsledujici zatiZeni, resp. jejich kombinace: vlastni vdha
konstrukce, teplota osténi v zimé a v 1été, smrStovan{ a dotvarovani,
G&inky od technologického zafizen{ a horninovy tlak. V pripadé pru-
kazu dimenzi nevyztuZeného osténi probihal vypocet tak, Ze byla
sestavena matice zatéZovacich stavu kombinujici jednotliva zatizen{
s prislusnym soucinitelem spolehlivosti zatizeni. Kromé zatizen{
horninovym tlakem vSechna zatiZeni odpovidala pfedpisy poZado-
vanym hodnotdm. Velikost horninového tlaku variovala v prislus-
nych kombinacich v provddénych vypoctech tak dlouho, az byla
nalezena takovd kombinace zatiZeni, kterd privedla konstrukci do
mezniho stavu unosnosti. Proporce zatizeni horninovym tlakem
schematicky odpovidaly rozloZeni radidlniho kontaktniho napéti
mezi primarnim osténim a horninou (viz obr. 4).

Mezni stav inosnosti nepfedstavuje pfi posuzovani nevyztuzeného
osténi jediné kriterium. Vypocet podle Eurokédu proto posuzuje
i hloubku a rozevfeni trhlin. Maximdln{ hloubka trhlin v konstrukcich
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Obr. 5 Mezni hodnota zatiZeni horninovym tlakem
Fig. 5 The limit value of the confining pressure

minimum width of the compression area is met, the depth of cracks
must not exceed a value of 360mm for a cross section 400mm thick.
While the calculation according to the Eurocode does not set any
restriction on the width of cracks, foreign experience [2] suggests that
the maximum width of cracks must be restricted to Imm.

Another of the criteria is the angular rotation of the cross section.
A crack develops when the allowable tensile strength in concrete is
exceeded. This process can be compared to the origination of a false
joint. Additional load on the structure causes angular rotation of the
cross section at the location weakened by the crack. So-called secon-
dary cracks originate when the angular rotation exceeds 4*10- rad.
The cracks can cause spalling of the concrete, thus they can affect the
ability of the structure to serve its purpose. The secondary cracks start
from the roots of primary cracks, approximately perpendicularly to
those cracks. The development of secondary cracks is reduced when
the angular rotation of the cross section 6 = 4*107 rad.

The results of the analysis of the unreinforced liner showed that in
terms of cracking, the critical combinations do not include the confi-
ning pressure as a load. In practice, this is the state existing in the stage
early after the casting of the concrete final liner where all of the loads
are carried by the primary liner. From the aspect of the origination and
opening of cracks, the confining pressure acts positively, i.e. the depth
and width of cracks diminishes under the confining pressure. The ulti-
mate limit state was reached when the confining pressure at the crown
of the arch assumed a value of 480kPa (see Fig. 5). The critical load
case further comprised the dead weight of the structure, heating of the
structure in the summer season, shrinkage, creep and forces induced by
the tunnel equipment. The anticipated value of the contact pressure
between the primary liner and the ground that was calculated by means
of the FEM analysis did not exceed 80kPa at the crown of the arch. It
follows from the above discussion that the confining pressure would
have to rise 6x in comparison with its anticipated realistic value to
achieve the ultimate limit state.

The structural analysis of the reinforced concrete tunnel sections
assumes non-linear behaviour of the liner, allowing for the fact that the
cracking has been permitted. The reduced stiffness of the cross secti-
ons deduced by means of the ideal moment of inertia Jix and the conc-
rete tension cut-off conditions are assumed for the areas of critical
cross sections. It is, however, necessary to make a calculation (inclu-
ding determination of the amount of reinforcement) where the linear
behaviour is assumed, prior to the determination of the critical cross
sections and the subsequent calculation of the reduced stiffness valu-
es. The conditions at the foundation base must also be followed when
the calculations are being made so that the friction forces do not exce-
ed the allowable levels. A shearing failure would take place at the
foundation base should those levels be exceeded.

The non-linear model that accepts the cracking allowed us to minimi-
se the amount of reinforcement for the final liner. Instead of the amount
of 700t which had been originally planed for the entire length of the
mined tunnel section, only 150t was necessary. The reinforcement con-
tent varied from 26kg/m’ in the standard casting blocks to 47kg/m? in
the blocks which receive the cross passages. The reduction in the rein-
forcement content compared with the originally anticipated 88kg/m® is
considerable. The footings are reinforced throughout the tunnel no mat-
ter whether the vault is reinforced or not. The amount of reinforcement
is less than 57kg/m?. This amount is higher than the originally assumed
amount of 34kg/m*. However, the increase, compared with the overall
savings, did not affect the total cost of the works. Reinforcement bars of



15. rocnik - €. 1/2006

z prostého betonu, nejsou-li na né kladeny specidlni pozadavky (napr.
vodonepropustnost), nenf explicitn€ stanovena. Doporuceni 4.1 a 4.2
NAD pro CSN EN 1992-1-6 maji sva opodstatnéni v konstrukcich
pozemnich staveb, kde pfi pfekroCeni excentricity e > 0,3 hy reaguje
prufez prudkym ndrustem napéti. Definitivni tunelové osténi je kon-
strukce po celém svém obvodu uloZend do horninového masivu.
Systém horninovy masiv — definitivni osténi nereaguje proto na
narust excentricity tak citlivé. Z tohoto divodu nemaji doporuceni
NAD v posouzeni definitivniho tunelového osténi opodstatnéni. Za
kritérium v tomto pfipadé povaZujeme omezeni napéti v betonu na
prijatelnou mez dle ustanoveni CSN 73 1201 eq = 0,9 ag, kde ag je
vzdélenost tlaceného okraje prufezu od téZist€ prufezu. Pfi splnéni
této podminky, kterd uréuje minimadln{ $ifku tlacené oblasti, nesmi pri
tloustce prarezu 400 mm hloubka trhlin prekro¢it hodnotu 360 mm.
Zatimco vypocet podle Eurokédu nestanovuje Zddné omezeni §itky
trhlin, je podle zahrani¢nich zkusenosti [2] nutno maximadlni $itku trh-
lin omezit na max. 1 mm.

Dal§im z kritérii je pootofeni prufezu. Pri prekroCeni pevnosti
betonu v tahu dojde ke vzniku trhliny, coZ lze ze statického hledis-
ka srovnat se vznikem nepravého kloubu. Dal§im pfitiZzenim kon-
strukce dochdzi v misté oslabeném trhlinou k pootodeni prufezu.
JestliZe je pootoceni prufezu vési nez 4*1073 rad, dochazi ke vzni-
ku takzvanych druhotnych trhlin, které mohou zpusobit odpryské-
vani betonu a ovlivnit tak schopnost konstrukce slouZit svému tcelu
Druhotné trhliny vychézeji z kofene primérnich trhlin a jsou na né
priblizné kolmé. Jestlize pootodeni prurezu je 6 = 4*1073 rad, je
vznik druhotnych trhlin omezen.

Vysledky vypoctu nevyztuzeného osténi ukdzaly, Ze kombinace
zatizeni rozhodujici pro vznik trhlin neobsahuji zatiZeni hornino-
vym tlakem. V praxi se jednd o stav v raném stddiu po betonazi
definitivniho osténi, kdy veSkeré zatiZeni prend$i primdrni osténi.
Horninovy tlak pusobi z hlediska vzniku a rozevieni trhlin pozitiv-
né, tj. pri zatiZeni horninovym tlakem se sniZuje jak hloubka, tak
i §itka trhliny. Mezniho stavu Gnosnosti bylo dosaZeno pro hodnotu
horninového tlaku ve vrcholu kaloty 480 kPa (viz obr. 5). Dile
v rozhodujicim zatéZovacim stavu figurovala vlastni vdha konstruk-
ce, otepleni konstrukce v 1été, smrtovdni, dotvarovdni a zatiZzen{ od
technologického vybaveni tunelu. Ocekdvand hodnota kontaktniho
napéti mezi primarnim osténim a horninou, vypoctend pomoci
MKP, nepresahovala ve vrcholu kaloty 80 kPa. Z uvedeného vyply-
vd, Ze pro dosaZeni mezniho stavu tnosnosti by musel horninovy
tlak v porovndni s jeho predpoklddanou redlnou hodnotou vzrast
6krat.

Ve statickém vypoctu vyztuzenych dseku tunelu se predpokladd
nelinedrni chovéni osténi se zohlednénim vzniku trhlin. V oblastech
kritickych prufeza se uvaZzuje sniZend tuhost prufezt, odvozend
pomoci idedlniho momentu setrvacnosti Jix za vylou¢eného tahu
v betonu. Pro stanoveni kritickych prufeza a nasledny vypocet sni-
Zenych tuhosti je vSak nutno provést nejprve vypocet s linedrnim
chovdnim osténi v&etné ndvrhu vyztuZeni. Pfi provddéni vypodtu je
tieba zdroven sledovat poméry v zdkladové spére tak, aby sily treni
neprekroCily prfipustné hodnoty. V takovém piipadé by doslo
k usmyknuti v zdkladové spére patky.

Nelinearnim vypoétem se zohlednénim vzniku trhlin se podafrilo
minimalizovat mnoZstvi vyztuZze definitivniho osténi. Na cely tsek
razeného tunelu bylo misto puvodné pldnovanych 700 t pouZito jen
150 t vyztuze. Vyztuzeni klenby se pohybovalo od 26 kg/m3 ve stan-
dardnich blocich betondze az po 47 kg/m3 v blocich se
zadsténim propojky. I v tomto sméru doslo v porovndni s ptivodné
predpoklddanymi 88 kg/m3 k vyrazné redukci. Patky jsou vyztuZe-
ny v celé délce tunelu bez ohledu na to, zda je klenba vyztuZena, ¢i
nikoli. MnoZstvi oceli nepfesahuje 57 kg/m3. Oproti puvodnimu
predpokladu 34 kg/m3 zde do$lo k ndrustu, vzhledem k celkové
tspore v8ak nemél vliv na cenu dila.

Vyztuz patky a klenby neni propojena, coZ pfi instalaci izolace
snizuje nebezpeci jejtho poSkozeni tréici vyztuzi. Ve statickém
vypoctu napojeni patky a klenby modeluje kloubovy styk.

Velmi diskutovanym detailem bylo uloZeni patky osténi na pod-
kladnf vrstvy a jeji pripadné rozepreni o neporusenou horninu mezi
patkami. Staticky vypocet proto analyzuje i tento problém. Vodoro-
vnou reakci, simulujici tfeni v zdkladové spére, nahrazuje ve vypo-
¢etnim programu pruznd podpora. Tuhost podpory nezdvisi na geo-
technickych parametrech horninového prostfedi a geometrii vyrubu,
ale je nastavena tak, aby byl ve vSech kombinacich zatiZeni zarucen
minimdlni stupen bezpecnosti proti posunuti patky v zdkladové

TuoufHel

the footings are not connected with the vault reinforcement bars. This
design reduces the potential for protruding bars to damage the waterp-
roofing membrane during the application. The connection of the vault to
the footing is modelled as an articulated joint. The design of the footing
bearing on the bedding layers and the contingent bracing against the
undisturbed ground between the footings was discussed in great detail.
This is why the structural analysis solves also this problem. The hori-
zontal reaction simulating the friction at the foundation base is modelled
as an elastic support. The support toughness does not depend on geo-
technical parameters of the rock mass or geometry of the excavation.
The toughness is set in a manner guaranteeing that the minimum value
of the factor of safety against displacement of the footing at the founda-
tion base of 1.5 is reached for all combinations of the loads. The intro-
duction of the horizontal reaction in the structural model applied to the
design of the liner is crucially important for the structural design of the
liner. If it had been neglected, the reinforcement would have been over-
designed and, in some cases, the design would have been even impos-
sible. Owing to the fact that the friction between the footing and the sub-
base is taken into consideration, the required reinforcement is optimised
not only in terms of the required safety but also with regard to the eco-
nomy of the reinforcement design. The distribution of forces at the foun-
dation base shows that the fear of displacement of the footing is unsub-
stantiated; the friction magnitude exceeds the horizontal component of
the upper vault reaction with a sufficient margin. The lateral bracing of
the footings is therefore structurally unnecessary and, from the con-
structional point of view, hard to execute. The tunnel invert in the vici-
nity of the footings is disturbed by sewerage and drainage trenches.
Should the bracing of the footings be necessary, the cross section vari-
ant containing a foundation slab would have to be utilised. Although, the
engineering geological conditions do not require such the solution.

THE FIRE RESISTANCE RATING OF THE FINAL LINER

The final design of the final lining of the Libouchec tunnel proposed
a cast in situ reinforced concrete structure. According to the calculati-
on, the 180-minute fire resistance rating required by the design was to
be secured by concrete cover over the reinforcement thicker than
30mm. Regarding the reinforced concrete tunnel section, the structure
is designed in a manner ensuring that the tensile stresses are carried by
the reinforcement while the compression stresses can be carried by the
concrete. If a fire causes damage to the cover or changes the properties
of the reinforcement steel causing a loss of its capacity to carry tensile
stresses, the concrete cross section will locally fail. Because concrete is
not able to carry a tensile stress, a crack will originate in the given pro-
file. The stresses in the lining will be redistributed, but the structure will
remain stable. A similar process of cracking may take place in other
cross sections of the structure. The structure will collapse only when it
becomes an unstable mechanism due to a large number of joints. In
contrast with the reinforced concrete profile, the unreinforced structure
is designed in a manner guaranteeing that the unreinforced concrete
itself will be able to carry all of the loads. Consultations with an expert
in fire resistance of structures revealed that the Czech Republic has no
methodology required for the assessment of an unreinforced concrete
tunnel liner. For that reason the author of the fire safety documentation
package required a fire test to be carried out on a 2m X 2m lining sam-
ple with a thickness corresponding to the dimensions of the liner, i.e.
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Obr. 6 Normovy prubéh teploty pri zkousce — celulézovd teplotni kiivka
Fig. 6 Standard temperature/time cellulosic curve
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Obr. 7 Ndrust teploty ve vzddlenosti 100 [1],200 [2],300 [3] a 350 [4] mm od
oh¥ivaného povrchu vzorku

Fig. 7 Temperature rise at 100mm [1], 200mm [2], 300mm[3] and 350mm [4]
from the heated surface

spare 1,5. Zavedeni vodorovné reakce md ve statickém modelu pro
dimenzovdni osténi rozhodujici vyznam. Jeji zanedbdni by vedlo
k predimenzovéni vyztuZe, v nékterych pripadech by nebylo mozné
vyztuz nadimenzovat vubec. Zohlednénim tfeni mezi patkou a pod-
lozim dochézi k optimalizaci potfebného mnoZstvi vyztuZe nejen po
strdnce zaji§téni pozadované bezpecnosti, ale i z hlediska hospodar-
nosti ndvrhu vyztuZze. Rozdélenf sil v zdkladové spare ukazuje, Ze
obavy z posunuti patky nemaji opodstatnéni, nebot velikost treni
s dostate¢nou rezervou prevySuje horizontdlni slozku reakce horn{
klenby. Bo¢ni rozepreni patek proto neni staticky nutné a z hlediska
vystavby je obtizné proveditelné. Po¢va tunelu je v sousedstvi patek
porusena ryhami pro osazeni kanalizace a podélné drenédze. V pii-
padé nutnosti rozepreni patek by musela byt pouzita varianta pric-
ného fezu se zdkladovou deskou. InZenyrskogeologické poméry
vsak takovéto feSeni nevyZzaduji.

POZARNI ODOLNOST DEFINITIVNIHO OSTENI

V rdmci zpracovdni dokumentace ke stavebnimu povoleni bylo
definitivn{ ostén{ tunelu Libouchec navrZzeno jako monolitickd Zele-
zobetonova konstrukce. Pozadovanou pozarni odolnost 180 minut
zaru¢ovalo podle vypoctu kryti vyztuze vetsi nez 30 mm. V pripadé
Zelezobetonového prutezu definitivniho osténi je konstrukce dimen-
zovéna tak, Ze tahovd napéti prenasi vyztuz, zatimco tlakova napéti
je schopen prenést beton. Pokud poZér zpusobi poruseni kryti nebo
zménu vlastnosti vyztuZe a ta jiz neni schopna prendset tahové napé-
ti, dojde k lokdlnimu selhdni betonového prarezu. ProtoZe beton
nenf schopen prenést tahové napéti, vznikne v daném profilu trhli-
na. V osténi dojde k prerozdéleni napéti, ale konstrukce je i naddle
tnosnd. Obdobné muZe dojit k vytvoreni trhlin i v dal§ich prafezech
konstrukce. Ke kolapsu dojde az v pripadé, kdy se vytvorenim vel-
kého mnozstvi kloubu stane z konstrukce pohyblivy mechanismus.
Na rozdil od Zelezobetonového prifezu je v piipadé nevyztuzeného
osténi konstrukce dimenzovdna tak, aby veSkerd zatiZeni prenesl
pouze beton. Po konzultacich s odbornikem na pozirni odolnost
konstrukei vyplynulo, Ze na posouzeni tunelového osténi z prostého
betonu neexistuje v Ceské republice potfebna metodika. Proto poza-
doval zpracovatel pozdrné bezpe¢nostni dokumentace stavby prove-
deni pozarni zkousky na vzorku osténi o rozmérech 2 m x 2 m
a tloustky odpovidajici dimenzim osténi, tj. 400 mm. Timto poZa-
davkem podminoval moZnost pouziti nevyztuZeného osténi na tune-
Iu Libouchec. Na zdkladé této podminky dodavatel rozhodl o oka-
mzité betondzi vzorku osténi v podminkédch tunelu Panenskd. Vzo-
rek pripraveny a oSetfovany podle schvdleného technologického
postupu byl po 90 dni vystaven klimatickym vlivaim obdobnym pro-
stfedi v tunelu. Po prevozu do zkuSebny bylo do kazdého z 5 vyvr-
tu vsazeno 7 teplotnich snima&u ve vzdélenosti 50 mm po tloustce
vzorku. Dalsi ¢idla byla umisténa na neohfivaném povrchu. Cilem
experimentu bylo zjistit tlouStku vrstvy betonu, kterd odpadne pri
vystaveni vzorku G¢inkam poZzdru, ddle prabéh teploty po tloustce
osténi a hloubku odprysku betonu z plochy vystavené pozdru. Do
akreditované zkuSebny byl vzorek premistén 26. 10. 2005 a az do
provedeni zkousky 8. 12. 2005 byl uloZen v prostredi o relativni vlh-
kosti min. 53 % a teploté nepresahujici 13 °C. Teplotni namédhéani
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400mm. This requirement was presented as a condition for the applica-
tion of unreinforced concrete lining in the Libouchec tunnel. To cope
with this condition, the contractor decided immediately to cast a sam-
ple of the lining under the conditions existing in the Panenskd tunnel.
The specimen, which was prepared and cured according to an approved
technological procedure, was exposed to climatic effects simulating the
tunnel environment. Each of the 5 boreholes drilled into the specimen
was provided with 7 temperature sensors fixed at 50mm intervals
throughout the thickness of the slab. Other sensors were applied to the
unheated surface. The aim of the experiment was to determine the
thickness of the concrete layer that are expelled when the specimen is
exposed to fire, the depth-temperature curve and the depth of the spal-
ling of the concrete surface exposed to a fire. The specimen was supp-
lied to a credited testing laboratory on 26.10.2005. It was tested on
8.12.2005 and subsequently stored in an environment featuring a mini-
mum relative humidity of 53% and temperature lower than 13°C. The
temperature stressing of the specimen proceeded according to the stan-
dard cellulosic curve for 180 minutes. The testing according to the stan-
dard CSN EN 1363-1 was performed in a vertical wall-type testing fur-
nace heated by a system of petroleum burners. The temperature inside
the furnace was measured in one-minute intervals by 7 sensors instal-
led at a distance of 100mm from the surface of the specimen being tes-
ted. The standard curve function is described by the equation:
Tn = To + 345 log (8t + 1) which is graphically presented in Fig. 6.

The results of the experiment were surprising for many of us. On one
hand, we could expect that the structure would withstand the fire load
and the specimen would not be damaged, on the other hand we expec-
ted surface spalling caused by vaporisation of water. Neither a single
piece of concrete spalled nor a larger crack developed during the course
of the test and the subsequent process of cooling of the specimen. Mic-
roscopic cracks originated irregularly on the surface of the liner. The tes-
ted specimen satisfied the criteria of the limit states of integrity, insula-
tion and radiation specified by the above-mentioned standard. The aut-
hor of the detailed design plotted the measured values contained in the
fire resistance testing report [S] to assess the results graphically. The
results of the test show that the temperature achieved at a depth of SOmm
under the surface being heated reaches 308°C on average (max. 363°C)
at the moment of the end of the testing. The temperature rapidly drops
with the growing distance from the heated surface of the specimen; at
a depth of 100mm under the surface the average temperature does not
exceed 121°C or max. 131°C. The temperature of the reverse surface of
the liner, i.e. of the surface which is in contact with the waterproofing
membrane in the tunnel, does not exceed a maximum value of 23°C. The
chart in Fig. 7 expresses the time dependence of the temperature rise
measured by sensors installed at a distance of 100mm, 200mm, 300mm
and 350mm from the specimen surface which is not exposed to the hea-
ting. The other chart (see Fig. 8) shows the course of temperature along
the thickness of the liner, after 30, 90 and 180 minutes.

CONCLUSION

The structural analyses of the final liner of the Libouchec tunnel pro-
ved and the fire resistance testing confirmed that the utilisation of unre-
inforced concrete in the conditions existing in the Czech Republic is
possible. Many significant steps were successfully made during the
course of the work on the detailed design regarding the final lining
design. The incorporation of their results into tendering documents for
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Obr. 8 Teplotni gradient v ¢ase 30, 90 a 180 minut
Fig. 8 Temperature gradient at 30, 90 and 180 minute times
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vzorku probihalo podle normové celulézové krivky po dobu 180
minut. Zkouska podle CSN EN 1363-1 probéhla ve svislé sténové
zkuSebni peci vytdpéné soustavou naftovych hordku. Teplotu v peci
méfilo v minutovych intervalech 7 ¢idel ve vzdalenosti 100 mm od
ohfivaného lice vzorku. Funkci normové krivky popisuje rovnice:
Tn =To + 345 log (8t + 1), kterou graficky zndzornuje obr. 6.

Vysledky experimentu byly pro mnohé velkym prekvapenim.
I kdyZ se dalo oCekdvat, Ze konstrukce G&inkim poZdru odold
a nedojde k destrukci vzorku, byly o¢ekdvadny povrchové odprysky
zpusobené uvolfiovanim péry. Béhem provddéni zkousky a pii
nasledném chladnuti vzorku nedo$lo ani k odprysknuti jediného
dlomku betonu, ani k vytvoreni vétsich trhlin. Mikroskopické trh-
linky vznikaly nepravidelné v ploSe osténi. ZkouSeny vzorek vyho-
vél na mezni stav celistvosti, izolace i radiace dle vySe uvedené
normy. Na zdkladé predaného protokolu o zkousce poZzarni odolnos-
ti [5] provedl zpracovatel RDS grafické vyhodnoceni naméfenych
hodnot (viz grafy na obr. 7 a 8). Z vysledku zkousky je patrné, ze po
ukonceni zkousky dosahuje teplota v hloubce 50 mm pod ohfiva-
nym povrchem v pruméru 308 °C (max. 363 °C). S narustajici vzda-
lenosti od ohfivaného lice vzorku dochdzi k prudkému sniZeni tep-
loty a 100 mm pod povrchem jiZ prumérnd teplota nepfesahuje
121 °C, resp. max. 131°C. Teplota na rubu osténi, ktery v tunelu
predstavuje kontakt s izola¢nf f6lif, nepresdhne hodnotu max. 23 °C.
Graf na obr. 7 vyjadfuje Casovou zdvislost ndrustu teploty na sni-
macich umisténych 100 mm, 200 mm, 300 mm a 350 mm od
ohrivaného lice vzorku. Na druhém grafu (viz obr. 8) je zndzornén
prubéh teploty po tloustte osténi v ¢ase 30, 90 a 180 minut.
ZAVER

Statické vypocty definitivniho osténi tunelu Libouchec prokdzaly
a zkouSka poZarni odolnosti potvrdila moZnost pouZiti nevyztuZené-
ho betonu v podminkach Ceské republiky. Béhem zpracoviani reali-
zatniho projektu doslo k dosaZzeni mnoha vyznamnych kroku
v ndvrhu definitivniho osténi, jejichZz zohlednéni pfi zpracovani
zadédvaci dokumentace novych tunelt povede k spore investi¢nich
nakladu. K nejvyznamnéj$im patfi pripusténi vzniku trhlin v osténi,
moznost provadét osténi z nevyztuZeného betonu a stanoveni pravi-
del pro pripadné poruchy na lici definitivniho osténi. Doslo k vyjas-
néni ndzort na chovani nevyztuZzeného definitivniho osténi, na
vznik trhlin a jejich vyznam z hlediska tnosnosti nebo tudrzby
osténi.

Ke zméndm mohlo dojit jen za pozitivniho pristupu vSech zicast-
nénych stran. V prvni fadé investora, kterému zmény navrzené az
béhem vystavby prindSely fadu komplikaci a mnohdy osud nové
navrhovanych feSeni zdvisel na osobnich invencich jednotlivych
osob. Stejnou mérou se na pripadném riziku podilel dodavatel, ktery
musel navrzené zmény zduvodiovat po strance technické i ekono-
mické. Nezanedbatelnou dlohu v prosazeni zmén sehréla i supervi-
ze ministerstva dopravy, a to zejména v souvislosti s prosazenim
moznosti vypoctu osténi pripoustéjicim vznik trhlin, ktery je nutnou
podminkou pro ndvrh nevyztuZeného osténi.

Zpracovani realiza¢ni dokumentace stdlo projektanta nemalé dsil{
kvali rozsahu navrhovanych zmén, nutnosti provedeni mnoha
posudku a prakaza pouZitelnosti i sloZitych jednani provadénych za
béhu stavby. I v piipadé pomérn¢ kritkého tunelu Libouchec prine-
sla dspora vyztuZe vyrazné snizeni investi¢nich naklada. Rozsah
vyztuZenych a nevyztuZenych dseku tunelu zndzorfiuje obr. 9. Ke
skute¢nému zdroCeni vynaloZené prace vSak dojde pouze v pripadé,
kdy se pouziti nevyztuzeného osténi stane béznym standardem ces-
kého tunelarstvi. .

ING. LIBOR M@Rflv(, e-mail: libor.marik @ikpce.com
ING. JIRI HOREJSI, e-mail: jiri.horejsi@ikpce.com
IKP Consulting Engineers, s. r. o.
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new tunnelling projects will yield savings in capital costs. As the most
important are considered the approval on cracks in the lining, the pos-
sibility to build unreinforced concrete liners and determination of rules
for contingent defects occurring on the internal surface of the final
lining. The opinions on the issues of the behaviour of the unreinforced
concrete final lining, development of cracks and the influence of cracks
on the bearing capacity or maintenance of the lining were clarified.

The changes were possible only under the condition of a positive
attitude adopted by all the parties involved. First and foremost by the
employer, who had to face many complications due to the changes pro-
posed as late as the works execution phase. The fate of the newly pro-
posed solutions often depended on personal invention of individuals.
The same proportion of the possible risk was shared by the contractor,
who had to vindicate the proposed changes from the technological and
economic aspects. A not negligible role in the pushing ahead with the
changes was played even by the Ministry of Transport’s supervision,
namely in the context of the efforts to make the calculation of the
lining which allows the cracking possible. This was a prerequisite for
the unreinforced concrete lining design.

The development of the detailed design was very demanding for the
designer because of the extent of the changes being proposed, the
necessity for obtaining many expert opinions and usability certificates,
even because of complicated negotiations held during the works. Des-
pite the relatively short length of the Libouchec tunnel, the savings in
the reinforcement yielded a significant reduction in the capital cost.
The extent of the reinforced and unreinforced tunnel sections is shown
in Fig. 9. The benefit of the effort expended on this change, however,
may be fully exploited only when the unreinforced concrete lining
design becomes a common standard in the Czech tunnelling industry.
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ZKUSENOSTI Z RAZBY DVOUKOLEJNEHO TUNELU METRA
POD OBYTNOU ZASTAVBOU NA TRASE IVC2

EXPERIENCE FROM THE EXCAVATION OF THE DOUBLE-TRACK
METRO TUNNEL UNDER A RESIDENTIAL AREA ON THE LINE IVC2

MIROSLAV KOCHANEK, JIRI RUZICKA, PETR ZIVNUSTKA

uvob

V tijnu roku 2005 byly ukon&eny razby tratovych tunelt na stavbé
2. etapy IV. provozniho udseku trasy C praZzského metra. Slavnostni
prorazkou 2. 11. 2005 byla ukoncena razba posledni ¢4sti dvoukolej-
ného tratového tunelu ve stavebnim oddilu 13, tj. v tratovém tdseku
mezi stanicemi Prosek a Letnany. Byla to zaroven nejnaro¢néjsi ¢ast
tohoto tratového tseku, kde probihala razba tunelu méelce pod obyt-
nou zdstavbou v obtiznych geologickych podminkach. Technicky
popis celé stavby 2. etapy IV. provozniho dseku trasy C byl uveden
v Casopisu Tunel &. 1/2005 v ¢lanku autoru Vladimira Bartoné a Jose-
fa Kutila. Podrobnéjsi popis postupu razeb tratovych tuneld metra na
této stavbé je uveden v ¢ldnku Jifiho Junka, rovnéZ v ¢asopisu Tunel
¢.3/2005. V tomto ¢ldnku se chceme soustredit na zkusenosti z razby
dvoukolejného tunelu metra pod obytnou zdstavbou v tseku délky
zhruba 300 m, ktery je vymezen ulicemi Nad Krocinkou a Stoupaji-
ci v Praze 9, ale zejména z podchazeni dvojice obytnych budov ozna-

¢enych v situaci (obr. 1) ¢isly 16 a 17 v ulici Stoupajici.

GEOLOGICKE POMERY ZASTIZENE PRI RAZBE

InZenyrskogeologickym pruzkumem predpoklddané geologické
pomeéry se razbou potvrdily. Jak je patrno na obrézcich 2 a 3 je spod-
ni ¢ast tunelu situovédna do prostredi cenomanskych piskovcu (P),
nad nimi je 1 az 1,5 m mocnd vrstva mekkych glaukonitickych
piskovcu (GL), ktera je prekryta jilovci (J) mocnosti 6 az 8 m. Ty jsou
prakticky nepropustné a oddé€luji horni horizont podzemni vody
(h. p. v. TURON) od spodniho horizontu podzemni vody (h. p. v.
CENOMAN).

NadloZi jilovet, které maji bohuzel charakter a7 plastickych jila,
tvorf vrstva slinovet (SL) prekrytd kvarternimi ttvary deluvioeluvi-
alnich hlin (D+E), sprasi a spraSovych hlin (S) a misty se vyskytuji-
cimi navazkami (N).

INTRODUCTION

In October 2005, the excavation of running tunnels built in the
phase 2 of the construction of the 4th operational section of Prague
metro’s line C was completed. The breakthrough ceremony held on
2.11.2005 concluded the excavation operations on the last section of
the double-rail running tunnel in the section between the Prosek and
Letnany stations (construction lot 13). It was the most difficult part
of this section due to the fact that the excavation passed at a shallow
depth under existing residential buildings, in difficult geological
conditions. A technical description of the entire phase 2 of the 4th
operational section of the line C (IV C2) was published in the issue
No. 1/2005 of Tunel magazine, in a paper by the authors Vladimir
Barton and Josef Kutil. A more detailed description of the progress
of the excavation of metro running tunnels forming the major part of
this construction lot is contained in the article by Jif{ Junek publis-
hed in the issue No. 3/2005 of Tunel magazine. In this paper, we
would like to focus ourselves on the experience gained from the
excavation of the double-rail metro tunnel within its roughly
300m long section passing under residential buildings (delimited by
Nad Krocinkou and Stoupajici Streets in Prague 9), but most of all
on the pair of residential buildings in Stoupajici Street marked in the
layout plan (Fig. 1) by numbers 16 and 17.

GEOLOGY ENCOUNTERED DURING THE EXCAVATION

Geological conditions anticipated by the engineering geological
investigation were confirmed by the excavation operations. As obvi-
ous from Fig. 2 and 3, the lower part of the tunnel is situated in
Cenomanian sandstones (P) covered with a 1 to 1.5m thick layer of
soft glauconitic sandstone (GL), which is overlain by a layer of mud-
stone (J) 6 to 8m thick. This layer is virtually impermeable. It sepa-
rates the upper groundwater horizon (TURONIAN water table) from
the lower aquifer (CENOMANIAN water table).

X0—

g

Profil

Obr. 1 Situace tunelu metra pod zdstavbou
Fig. 1 The layout of the tunnel under existing buildings
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Obecné lze konstatovat, Ze pfi razbé tratovych tuneli metra na
stavbé TVC2 byly nejlepsim geologickym prostredim cenomanské
piskovce (P). Vyruby vykazovaly minimdlni deformace a i poklesy
terénu byly malé. Zvétsené deformace vyrubli a poklesy terénu
vznikaly az v okamziku, kdy se profil tunelu zacal ,,vynofovat® z
piskovctu do vrstvy mékkych jilovcu, které maji tendenci se vytla-
Covat do profilu vyrubu (bylo ovéfeno méfenim na inklinometru).
Problémy byly umocnény, jakmile doslo k poruseni vodotésnosti
jiloveu a do vyrubu se dostdvala podzemni voda ze spodnich partii
zvodnélych slinovcl. Vrstvy slinoven, které se vyskytuji v nadlozi
tunelu, maji jesté jednu neprijemnou vlastnost, Ze vytvareji relativ-
né velmi tzkou pokleslou kotlinu. V porovnani s raZzbou stejného
profilu tunelu napriklad v prostfedi méné pevnych ordovickych
bridlic je velikost poklesu terénu v ose tunelu vyrubu srovnatelnd,
ale na okrajich vyrubu deformace ve slinovcich rychle vymizi. To
zpusobuje zvétSené poruchy na objektech povrchové zdstavby,
zejména kdyZ objekt zasahuje jen Cdsteéné nad vyrub tunelu.
Vyrazné se to projevilo napriklad pfi podchédzeni objektu oznace-
nych v situaci ¢isly 31 a 29 (obr. 1).

KONCEPCE RAZBY TUNELU POD OBJEKTY
V ULICI STOUPAJICI

Jiz v prabéhu zpracovéani dokumentace pro stavebni povoleni
(DSP), a zejména dokumentace pro vybér zhotovitele stavby (DZS)
bylo zpracovatelem stavebné technického prazkumu upozortiovano
na jejich Spatny technicky stav. Objekty oznacené v situaci ¢. 16 a 17
(obr. 1) vykazuji mnoho nedostatku. Presto, Ze jsou to dispozi¢né dva
samostatné obytné domy, nenf jejich konstrukce oddilatovana a maji
nevhodné feSené zdklady. Na objektu ¢. 16 vznikly jiz dfive znatné
poruchy vlivem nerovnomérného sedani a zakladové pasy byly sano-
vény po celém obvodu pilifi z tryskové injektdze. Z téchto duvoda
byl na za¢étku roku 2003 vytvoren metodou kone&nych prvka mate-
maticky 2D model (program MISES 3), kde byly v daném geologic-
kém prostiedi simulovdny 2 zpusoby razby tuneld. Jednak bézné
predpoklddand razba s horizontdlnim c¢lenénim vyrubu (obr. 2)
a razba s vertikdlnim ¢lenénim vyrubu (obr. 3). Smyslem tohoto
modelu bylo porovnat velikost maximdlnich deformaci terénu nad
tunelem, §itku poklesové kotliny a maximaln{ pri¢ny sklon v inflex-
nim bodu kotliny. V tabulce na dal$i stran¢ uvadime prehled vypo-
¢tenych hodnot a porovndni se skutenymi hodnotami naméfenymi
pri razbé tunelu.

Z porovnani uvedenych hodnot je patrnd velmi dobrd shoda mezi
vypoétenymi a naméfenymi hodnotami poklesu terénu v ose tunelu.
Méné priznivé je porovndni maximalnich sklont v poklesové kotliné,
vypoctené hodnoty bohuZel nejsou na strané bezpecnosti.

obj. &. 31

h.p.v. (CENOMAN) | 10293 |

ground water table

Obr. 2 Pri¢ny profil pod objektem ¢. 31
Fig. 2 Cross section under the building No. 31

TuoufHel

The mudstone layer, which unfortunately has even the character of
plastic clay, is covered by a layer of marlstone (SL) overlain by Quater-
nary diluvial-eluvial loams (D+E), loess and secondary loess (S), local-
ly with occurrence of made ground (N).

In general, we can state that the best geological environment for the exca-
vation operations on the running tunnels of the metro line IV C2, where
the deformations were minimal and surface settlement values low, was the
Cenomanian sandstone (P). Increased excavation deformations and surfa-
ce settlement started to develop from the moment when the tunnel profile
began to “emerge” from the sandstone bedrock and enter the layer of soft
mudstone, which tended to pressing itself into the excavated opening (as
proven by inclinometer measurements). The problems grew whenever the
impermeability of the mudstone layer was corrupted and the water from
the lower part of the water-bearing marlstone layer got to the excavation.
The marlstone layers occurring in the tunnel overburden featured another
unpleasant property. They develop a relatively narrow settlement trough.
Compared to the excavation of an identical tunnel profile, for instance in
an environment of less hard Ordovician shales, the magnitude of surface
settlement above the tunnel axis is comparable. However, above the edges
of the excavated opening the deformation rapidly disappears. This pheno-
menon causes more serious damage to surface buildings, above all when
the building footprint extends above the tunnel excavation only partially.
This effect manifested itself explicitly when the buildings marked in the
layout plan by numbers 31 and 29 (see Fig. 1) were being passed under.

THE CONCEPT OF THE TUNNEL EXCAVATION UNDER THE
BUILDINGS IN STOUPAJICI STREET

As long ago as during the work on the final design and, above all, on the
design for tendering, the report of the condition survey of properties cau-
tioned about their poor condition. The buildings marked in the layout plan
as No. 16 and 17 (see Fig. 1) exhibit many defects. Despite the fact that the
layout of those buildings is that of two detached residential buildings, their
structures are not separated by an expansion joint and the design of their
foundations is inadequate. The building No. 16 has suffered significant
damage due to differential settlement, and the strip foundation was under-
pinned along the whole circumference by jet-grouted pillars. For the
above-mentioned reasons a FEM 2D mathematical model was developed
at the beginning of 2003 (MISES 3 software), simulating two tunnel exca-
vation procedures applied in the given geological environment, i.e. either
a commonly assumed horizontal excavation sequence (see Fig. 2) or a ver-
tical excavation sequence (see Fig. 3). This model was designed to allow
us to compare the magnitude of maximum surface deformations above the
tunnel, the settlement trough width, and the maximum value of differenti-
al settlement at the inflexion point of the trough. A survey of the calcula-
ted values and comparison with actual values measured during the course
of the excavation is presented in the table (on the left side).

A very good agreement between the calculated and measured values of
the surface settlement on the tunnel axis is obvious when we compare the
values. A comparison of the maximum differential settlement values in

obj. ¢. 17
building No.17

h.p.v. CENOMAN ) — !
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Obr. 3 Pri¢ny profil pod objekty ¢. 16 a ¢. 17
Fig. 3 Cross section under the buildings No. 16 and No. 17



Popis velic¢in
Description of quantities

horizontéln{ ¢lenéni vyrubu
horizontal excavation

sequence
pokles terénu v ose tunelu [mm] 418
surface settlemend on the tunnel axis [mm]
max. pri¢ny sklon v poklesové kotliné 1:500
max. cross slope
of the settlement trough
pokles vrcholu klenby 43.3%

ve vyrubu [mm]
settlement of the crown
of the excavation arch [mm)]

Matematicky model

Mathematical model

vertikdlni ¢lenéni vyrubu
vertical excavation
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Skutec¢nost
Reality
horizontéln{ ¢lenéni vyrubu vertikdlni ¢lenéni vyrubu
horizontal excavation vertical excavation

sequence sequence sequence
16,9 37 18
1:1000 ~1:300 ~1:600
18,7* 12-14 6-38

*Celkovy pokles v&etné poklesu pred osazenim méficiho bodu / Total settlement, inclusive of the values developed before the installation

POPIS TECHNICKEHO RESENi

Pfi ndvrhu primarniho osténi tunelu razeného mélce pod
zastavbou je prioritni podminkou minimalizace deformaci horni-
nového masivu, a tim pddem i maximélni zmenSen{ poklesu teré-
nu véetné zdstavby. V naSem pripadé bylo navrZeno ostén{ z vyz-
tuzeného stiikaného betonu SB 25 v tloustce 300 mm. Provizorni
sttedni sténa v pripadé vertikdlniho Clenéni byla v tloustce
250 mm. Razba od pristupové Stoly na zafizeni stavenisté Klicov
smérem ke stanici Prosek byla provadéna s horizontalnim ¢lené-
nim. Celkem 30 m pred objektem ¢. 17 (obr. 1) se preslo na razbu
s vertikdlnim ¢lenénim, tzn. Ze ddle pokracovala razba levého dil-
¢tho vyrubu. Po vyraZeni cca 20 m se v horni ¢asti Celby, kde byly
zastizeny jilovce, provedlo 11 ks lamindtovych kotev s cemento-
vou zélivkou v délce 35 m (cca 1 kotva/l,5 m? plochy &elby).
Toto dodate¢né opatieni mélo zabrdnit vytlacovani jilovcu do
Celby vyrubu. Pak ndsledovala razba zbyvajicich zhruba
40 m levého dil¢iho vyrubu s délkou zdbéru maximélné 1 m. Pfi
ndsledné razbé pravého dil¢iho vyrubu by nebylo mozné s ohle-
dem na rozméry razicich mechanizmu zachovat stfedn{ provizor-
ni délici sténu. Proto bylo realizovadno pod objektem &. 17 v délce
40 m dalsi doplniujici opatfeni pro zmenSeni poklesu budovy.
V levém dil¢im vyrubu byl na dno primarniho osténi vybetono-
van provizorni zdkladovy pas, na ktery byly v intervalu
a2 m osazovany ocelové stojky (roury & 279/8 mm). Jejich akti-
vace byla provedena vyplnénim styku hlavy stojky a primarniho
osténi stifkanym betonem. Pfi razbé pravého dil¢iho vyrubu byla
provizorni stfedni sténa postupné odbourdvédna a svislé zatiZeni
prebiraly ocelové stojky. Ty byly odstraniovédny aZ stiikany beton
primarniho osténi pravé &dsti dosahl pozadované pevnosti. U&in-
nost tohoto opatfeni byla ovéfena mérenim zatiZzeni provizornich
stojek. Pohybovalo se v rozpéti 800 az 1000 kN, coZ velmi dobre
korespondovalo se statickym vypoétem. Deformace primdrniho

the settlement trough is less favourable; the values obtained by the cal-
culation are not, unfortunately, on the safe side.

ENGINEERING SOLUTION

Minimisation of rock mass deformations, therefore also the maximum
reduction of settlement of the surface and existing buildings, is the priori-
ty condition for the design of primary lining of a tunnel driven under
a shallow cover. In our specific case, the lining was designed to consist of
a 300mm thick SB25 reinforced shotcrete layer. A temporary central wall
provided in the case of the vertical excavation sequence was 250mm thick.
The excavation was carried out through an access adit, from the site faci-
lity Kli¢ov toward the Prosek station, using a horizontal excavation sequ-
ence. This sequence was switched to a vertical configuration 30m before
the building No. 17 (see Fig. 1). This means that the left drift excavation
went on. When about 20m of this drive had been completed, a decision
was made to install 11 pieces of cement grouted GRP anchors 35m long
(approximately 1 anchor per 1.5m? of the excavation face) so that the mud-
stone encountered in the upper part of the excavation face was prevented
from being extruded into the opening. Then the excavation of the remai-
ning 40m of the left drift followed, with the maximum round length of 1m.
Because of the dimensions of the mining equipment it was not possible to
maintain the central temporary dividing wall during the subsequent exca-
vation of the right drift. For that reason another additional measure was
implemented within a length of 40m under the building No. 17, intended
to reduce the subsidence of the building. A temporary foundation strip was
cast on the bottom of the primary lining of the left drift as a support for
steel props (tubes &J 279/8 mm) installed at 2m spacing. The props were
activated by filling the interface area between the prop and primary lining
with shotcrete. The temporary wall was removed with the right drift exca-
vation proceeding, while the props took the vertical load. The props were
dismantled when the shotcrete forming the primary lining of the right drift
had reached the strength required. The effectiveness of this measure was
checked by measurement of the load acting on the props. It varied from
800 to 1000kN, which values very well corresponded with the structural

Obr. 4 Tunel s vertikdlnim ¢lenénim vyrubu
Fig. 4 The tunnel with the vertical excavation sequence

Obr. 5 Vertikdlni élenénim vyrubu s docasnymi stojkami
Fig. 5 The vertical excavation sequence
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osténi po odstranéni stojek se pohybovaly na hranici méritelnosti
v rozpéti 1 az 2 mm. To rovnéZ svéd¢i o téinnosti tohoto doplnu-
jiciho opatfeni.

VYHODNOCENI VYSLEDKU
KONVERGENCNICH MERENI A SEDANI
OBJEKTU OBYTNE ZASTAVBY

V situaci (obr. 1) jsou vyznaceny vybrané konvergen¢ni profily,
kde byly méfeny deformace vyrubu. Do grafu na obrdzku ¢. 6 byly
vyneseny svislé posuny vrcholu klenby tunelu v zdvislosti na Case.
Pro nédzornost jsou zde rovnéZ uvedeny namétrené hodnoty maxi-
madlniho seddni 2 objektu, které koresponduji vzdy s prislu§nym
konvergen¢nim profilem instalovanym ve stejném misté. K sed4-
ni objektu ¢. 29 je prifazen profil 342, a k sedan{ objektu ¢. 17
profil 356. Z toho je patrno, Ze naméfeny svisly posun vrcholu
klenby v tunelu dosahuje cca 30 az 40 % celkového seddnfi terénu.
Profily 342, 351, 352 a profily 358a 359 jsou v usecich, kde byla
razba s horizontdlnim ¢lenénim, profily 353, 354, 355, 356 a 357
jsou v tseku s vertikdlnim ¢lenénim vyrubu.

TuHel

analysis. Deformations of the primary lining identified after the props had
been removed fluctuated about a limit of measurability, ranging from 1 to
2mm. This is also a proof how effective this additional measure was.

ASSESSMENT OF THE RESULTS OF MEASUREMENTS OF
CONVERGENCES AND SUBSIDENCE OF RESIDENTIAL BUILDINGS

The selected convergence stations (profiles) where the excavation defor-
mations were measured are marked in the layout plan (see Fig. 1). The
curve representing the relationship between vertical displacements measu-
red at the crown of the tunnel arch and time was plotted in the chart 1. For
illustration, the maximum subsidence values measured at 2 buildings that
are presented in the chart correspond with the displacement values measu-
red at the respective convergence station installed at the same place. The
settlement of the building No. 29 and 17 is compared with the values mea-
sured at the convergence station 342 and 356 respectively. The chart pro-
ves that the measured vertical displacement of the crown of the tunnel arch
reaches roughly 30% to 40% of the total surface settlement. The stations
342,351, 352 and stations 358 and 359 are installed in the sections exca-
vated using the horizontal sequence, the stations 353, 354, 355, 356 and
357 in sections where the vertical excavation sequence was applied.

Profil / Profile 342

PLLL L LY

Sedani objektu
¢.29/ Settlement

of building No. 29
Profil / Profile 351

Profil / Profile 352
Profil / Profile 353

Profil / Profile 354

s Profil / Profile 355
I

Profil / Profile 356

L LLEL LT

Sedani objektu

¢.17/ Settlement

Deformace (mm)
Deformation (mm)

of building No. 17

Profil / Profile 357

Profil / Profile 358

Profil / Profile 359

Cas / Time

Obr. 6 Prubéh deformace klenby vyrubu tunelu a seddni objektu
Fig. 6 Tunnel vault time-displacement curve and buildings time-settlement curves

ZAVER

Realizovand opatfeni pro omezeni poklest kritického objektu
¢. 17 v ulici Stoupajici byla velmi G¢innd. Byla vSak ¢asové i finan¢-
né ndro¢nd. Odstraniovani staticky nevyznamnych poruch na obytné
zdstavbé v tsecich s horizontdlnim Clenénim vyrubu tunelu je
pochopitelné podstatné jednodussi. Je proto nutno vzdy zvazovat
pouZiti téchto postupt a volit je pouze v nutnych pfipadech, prede-
v8im je-li ohroZena statickda funkce podchdzeného objektu, nebo by
oprava pripadnych poruch predmétného objektu byla z finanénich

nebo jinych divodu nepiijatelna.
ING. MIROSLAV KOCHANEK,
e-mail: kochanek@metroprojekt.cz,
ING. JIRI Rl}ZvICV’KA, e-mail: ruzicka@metroprojekt.cz,
METROPROJEKT Praha, a. s.,
ING. PETR ZIVNUSTKA,
e-mail: zivnustka@metrostav.cz, METROSTAYV a. s.

CONCLUSION

The measures implemented to reduce subsidence of the critical
building No. 17 in Stoupajici Street were highly effective. They
were, however, demanding both in terms of time and costs. It is cer-
tainly much simpler to remove structurally insignificant defects in
residential buildings in the sections where the horizontal excavation
sequence was applied. It is therefore always necessary to well con-
sider the application of those procedures, and to adopt them only in
case of necessity, above all where the structural integrity of the buil-
ding being passed under is threatened, or where a repair to contin-
gent defects would be unacceptable for financial or other reasons.

ING. MIROSLAV KOCHANEK, e-mail: kochanek@metroprojekt.cz,
ING. JIRI R I}ZIC'KA, e-mail: ruzicka@metroprojekt.cz,
METROPROJEKT Praha,a.s.,

ING. PETR ZIVN (jSTKA, e-mail: zivnustka@metrostav.cz
METROSTAYV a. s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE (stav k 25. lednu 2006)
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION (as of 25 January 2006)

CESKA REPUBLIKA
Tunel Panenska

K 20. prosinci byly ukonCeny betondZe definitivniho osténi hloube-
nych dsekd tunelu Panenskd. K datu zpracovéni aktualit probihd
v raZenych tunelech poklddka kanalizace stfedové drendze, sypéni
vozovkovych vrstev a poklddka Stérbinovych Zlabu. Pokraluje vystav-
ba provozné-technologickych objektu a prilehlych pozdrnich nadrzi.

Tunel Libouchec

V levém (zdpadnim) dvoupruhovém razeném tubusu byly komplet-
né dokonCeny betondZe definitivniho monolitického osténi. V soused-
nim pravém tunelu byla ukongena betondZ zdkladovych past a dokon-
Cuje se provadéni mezilehlé izolace. V rdmci pracovniho proudu je
vybetonovédno celkem 10 dvandctimetrovych sekci. Na severnim por-
talu pravého tunelu bylo vybetonovano 5 ze 7 sekei hloubeného dseku,
respektive 1 ze 4 sekci na portdle jiznim.

Tunel Klimkovice

Na délni¢nim tunelu Klimkovice byl proraZen tunel B na trovni
kaloty. K datu aktuality chybi vyrazit poslednich 10 metrt jadra.
Z ostravské strany tunelu B bylo zahdjeno provadéni izolace a arma-
tury protiklenby. Dvé sekce protiklenby jiz byly zabetonovdny. Na
hloubeném tseku jsou vybetonovdny 2 klenby véetné portdlového
zkoseného dilu. Na brnénském portéle byly v hloubeném udseku vybe-
tonovany 3 klenby.

Na tunelu A je z brnénského portédlu vyrazeno 623 m kaloty a do pro-
razky zbyva 80 m. Jadro za Celbou je odtéZovano v odstupu cca 50 m.

Nové spojeni — Vitkovské tunely

Na Zelezni¢nich tunelech pro Nové spojeni probihaji razby jiznitho
i severniho tunelu z vychodniho portdlu. Jizni dvoukolejny tunel je
v kaloté vyrazen v délce 837 m a je odtézeno 777 m jadra. Razba je
provddéna v technologické tiidé 4 s priamérnymi postupy 4,5 m za 24
hodin. Celo tunelu je v soulasné dobé jiz za kiiZenim s tunelem pro
p&si spojujicim Karlin se Zizkovem. Severni tunel je vystrojen pri-
mdrnim osténim v délce 530 m a jadro je odtéZeno a zabezpeceno ve
vzdalenosti 330 m od portélu.

Tunel Hnévkov Il

Tunel Hnévkov II je stavebné dokoncen. Dodéldvaji se natéry por-
tdlovych Césti a osazuji se vybavovaci prvky uvnité tunelu. Tunel je
pripraven k osazovdani koleji, které budou pokladany v proudu véetné
povrchovych tseku trati.

Tunel Valik

Jizn{ trouba tunelu je kompletné vybetonovéna. Provadi se osazova-
ni kabelovych chrdnic¢ek v tunelu. V severnim tunelu chybi vybetono-
vat 12 sekef a 1 sekce v hloubené &ésti pred portdlem tunelu. PoZarn{
nddrze pred rozvadovskym portdlem jsou dokonleny. Na provozné-
technologickém objektu se provadéji vnitini omitky.

Tunel Bfezno

Pokracuje razba jednokolejného Zelezni¢niho tunelu z vyjezdového
drouzkovického portdlu sekvencni metodou. K datu sepsani aktuality
je vyraZeno 263 m kaloty. Po odt¢Zen{ jadra a dna tunelu je profil uza-
virdn protiklenbou ve vzdélenosti 6 m od celby. S ohledem na kratko-
dob€ stabilni polohy jila je vlastni raZeni zajiStovano 16,5 m dlouhy-
mi ,,deStniky* z 25 ks mikropilot, které se obnovuji vzdy po vyrazeni
12 m tunelu. Celba je jisténa kratkym zatéZovacim klinem a v celém
prafezu navic systémem 32 ks laminétovych kotev délky 16 m. Na
vjezdovém portdlu byly zahdjeny price na prezmahéani zavaleného
dseku tunelu. Ze 7 pri¢nych pilotovych stén bylo dokonéeno 6. Byl
odebran horninovy splaz a je rozSifovan stdvajici profil tunelu pred
prvni pilotovou sténou. Byly zahdjeny pfipravné préace pro vyhloubeni
dnikové Sachty.

ING. PAVEL POLAK, polak@metrostav.cz ( CTukK)

THE CZECH REPUBLIC
The Panenska Tunnel

The casting of the final concrete lining of the cut and cover tunnel sections
of the Panenskd tunnel was completed by 20 December. The mined tunnels
are being provided with a central drain, roadway courses and slotted draina-
ge ducts. The construction of service buildings and the adjacent fire protecti-
on reservoir continues.

The Libouchec Tunnel

The casting of the final concrete lining was completed in the left (western)
double-lane mined tunnel tube. The parallel right tube saw the completion of
casting of the continuous strip foundation; the installation of the intermediate
waterproofing is being completed. The total of 10 twelve-meter long casting
blocks has been completed in the framework of the workflow. On the north
and south portal sides of the right tunnel tube, the casting of 5 of the 7 and 1
of the 4 blocks respectively of the cut and cover sections has been carried out.

The Klimkovice Tunnel

The top heading of the tube B of tunnel Klimkovice broke through. As of the
date of this Current News preparation, the last 10-metre section of the core rema-
ined to be excavated. The work on the waterproofing and placement of reinfor-
cement of the invert slabs started from the Ostrava side of the tunnel B. Two cas-
ting blocks of the invert have been completed. Two concrete vaults of the cut and
cover section including the splayed portal block have been finished. The cut and
cover section on the Brno portal side has 3 blocks of the vault complete.

About 80 metres of the tunnel B top heading remain to be excavated from
the Brno portal, while 623m have been finished. The core has been taken out
up to a distance of about 50m behind the face.

The New Connection - the Vitkov tunnels

The southern and northern railway tunnels of the New Connection project
are being excavated from the east portal. The double-track south tunnel’s top
heading and core excavation is complete at a length of 837m and 777m res-
pectively. The excavation is categorised as technological class 4; the average
advance rate of 4.5m per 24 hours is achieved. The excavation face has alre-
ady passed the crossing point with the pedestrian tunnel connecting Karlin
with Zizkov. The northern tunnel excavation is supported by the primary
lining along a length of 530m and the core is removed and supported up to
a distance of 330m from the portal.

The Hnévkov Il Tunnel

The structure of Hnévkov II tunnel is complete; the coating of portal sec-
tions is being finished and technical services are being installed in the tunnel.
The tunnel is prepared for the installation of trackwork. The track will be laid
in one pass, concurrently with the at-grade track sections of the railway line.

The Valik Tunnel

The casting of the southern tunnel tube is complete; cable ducts are being
installed in the tunnel. There are 12 sections in the northern tunnel and 1 sec-
tion in the cut and cover part before the tunnel portal which have not been
cast yet. Fire protection reservoirs before the Rozvadov portal are complete.
The service building is receiving internal plastering.

The Biezno Tunnel

The excavation of the single-track railway tunnel continues from the
Drouzkovice exit portal using the sequential method. As of the date of pre-
paration of this Current News, a length of 263m of the top heading excavati-
on is complete. Once the bench and invert are taken away, the profile is clo-
sed by the invert structure up to a distance of 6m from the face. Because of
the short-time stability of the clay layer, 16.5m long canopy tube pre-support
is built over the excavation. The arrays of 25 pre-support tubes are installed
every 12m. The face is supported by a short supporting rock wedge plus
a system of 32 pieces of 16m long glassfibre reinforced plastic anchors cove-
ring the complete cross section. The work on the re-excavation of the collap-
sed tunnel section started at the entrance portal. Out of the 7 transversal pile
walls, 6 walls are complete. The tongue formed by the debris was removed
and the existing cross section of the tunnel is being enlarged before the first
pile wall. The work enabling the escape shaft sinking has started.

ING. PAVEL POLAK, polak@metrostav.cz (CTuK)
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SLOVENSKA REPUBLIKA
Tunel Sitina

Stavebné price na tunelovych objektoch stavby Dialhica D2 Lamac-
skd cesta — Staré grunty sa v priebehu druhého polroka roku 2005
blizili k svojmu zaveru. Zaciatkom novembra boli betonaZou cemento-
beténového krytu ukoncené price na vozovke v tuneli. V decembri pre-
behlo odovzdanie stavebnej pripravenosti tunelovych rir, kdblovych
kanalov a portdlovych objektov pre montdz technologického vybavenia
medzi vy$§im doddvatelom stavby, zdruZenim Taisei — Skanska a nomi-
novanym subdoddvatelom technologického vybavenia tunela, zdruZe-
nim Taisei — Eltodo. Pre rok 2006 zostdva okrem kompletného techno-
logického vybavenia vykonat’ montdZ poZziarneho vodovodu a ukoncit
suvisiacie stavebné konsStrukcie v tuneli. Uvedenie dialhicného dseku
véitane tunela do prevadzky sa ocakdva v prvej polovici roku 2007.

Tunel Borik

Narodnd dialhi¢na spolocnost; a. s., v decembri 2005 opétovne vyhlasi-
la stitaZ na zhotovitela prvého dseku dialhice D1 Mengusovce — Janovce
dlzky viac ako 8 km, ktorej sticastou je tunel Borik s dvomi tunelovymi
rdrami dlzky cca 1 km. Tunel by mal byt razeny podla principov Nove;j
rakuskej tunlovacej metédy v dolomitickom masive kopca Borik pri Svite.
Technickym Specifikom stavby by mala byt vystavba priportdlovych tse-
kov s pilierovou §tolnou. Vyber zhotovitela by mal podla predpokladov
obstardvatela prebehnit’ v priebehu prvych mesiacov roku 2006, takze
v lete tohto roku by mohli zacat’stavebné prace na portdloch tunela.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk (STA)

TuHel

THE SLOVAK REPUBLIC
The Sitina Tunnel

The civil work on the tunnel structures of the D2 Motorway con-
struction lot from Lamacskd Cesta to Staré Grunty was coming to
a close in the second half of 2005. The roadway in the tunnel was com-
pleted at the beginning of November by the casting of the cement
concrete pavement. Taisei — Skanska joint venture, the main contrac-
tor, handed the tunnel tubes, cable ducts and pre-portal structures over
to Taisei — Eltodo, the nominated sub-contractor for technical tunnel
services. Apart from the complete installation of all technical services,
the year 2006 will see the completion of the hydrant line and associa-
ted structures in the tunnel. The tunnel opening to traffic is scheduled
for the first half of 2007.

The B6rik Tunnel
Nérodnd dialni¢na spolocnost’ a.s. issued the repeated call for ten-
ders for the first section of the D1 motorway from Mengusovce to
Janovce in December 2005. The Borik tunnel with its pair of approxi-
mately 1km long tubes is part of this 8km long section. The tunnel
should be driven through a dolomite massif of Borik hill near Svit
using the New Austrian Tunnelling Method. A specific feature of this
tunnel should be a drift for a central pillar utilised for the construction
of the portal sections. The employer expects that the contract should be
awarded during the initial months of 2006. Therefore the construction
work on the tunnel portals could start in the summer 2006.
ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk (STA)

ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

INFORMACE O STAVU PRIPRAVY WTC 2007

INFORMATION ON THE STATE OF THE WTC 2007
PREPARATION

Also this issue of Tunel magazine offers the newest informati-
on provided by the chairman of the Organising Committee of the
WTC 2007, Mr Georgij Romancov. First of all, he would like to
notify our readers that the abstracts of the papers to be publis-
hed in the proceedings can be sent even after 15 February
2006. More information is available on the website at
www.wtc2007.0org, which is used for the submission of abstracts.

He also would like to point out that the one-day initial workshop
on “Fundamentals of Urban Tunnelling” is held on 11 September
2006 in Prague, the Czech Republic. It will have a separate regist-
ration form on www.wtc2007.org from April 1, 2006.

Foreign visitors of the WTC 2007 congress, namely those who
have not had the opportunity to visit the Czech Republic or Pra-
gue yet, will certainly be interested in the country, particularly
what interesting things can be seen there from the technical and
cultural point of view. In this context it must be noted that Pra-
gue is probably the best-preserved historic town in the Central
European region and its centre with its area of nearly 10km® is
a worldwide unique site which is entitled to be rated among the
most important cultural and construction heritage sites of man-
kind. Places boasting architectural gems from the Romanesque
period existing in so close symbiosis with the latest constructi-
ons built in the 20th and 215t centuries are quite rare on the globe.
Visitors can stroll in streets with utility services founded many
centuries ago underfoot and still be in a busy modern city. One
of the reasons why this is possible is also the utilisation of
underground space, the “fourth dimension of metropolises”, as
the title of our congress suggests. The underground space in the
historic centre of Prague is interwoven with kilometres of
underground lines. Most of them were built many centuries later
than the buildings on the surface. Despite this fact, this was not
a cause of destroying or causing serious damage even to a single
landmark building. The procedures and methods of reaching this
state have been continually improved. We believe that the
meeting and exchange of know how among professionals in the

framework of the WTC 2007 will significantly push this branch
of underground construction ahead.

Posledni zaseddni organiza¢niho vyboru a Spravy sdruzeni
v roce 2005 se konalo 25. listopadu v Praze. Text zdpisu ze zase-
déni je k dispozici na webu CTuK www.ita-aites.cz.

K vétsiné projedndvanych bodu nenf tieba se v této informaci
vracet, tim spiSe, Ze v dob€, kdy ji budete &ist, nebudou jiz vét-
Sinou aktudlni. Rdad bych ale upozornil na nékolik hlavnich
dkolu, které nas Cekaji ve zbyvajicich mésicich roku 2006:

® ihned po navratu nalich delegdtd ze Soulu bude tfeba
vyhodnotit pribéh WTC 2006 a zdvéry promitnout do
pokracujici pripravy na WTC 2007,

@® dspéch kongresu po odborné strance stoji a padd s poctem
a kvalitou referatt; kazdy odbornik z CR i SR by mél pova-
Zovat za véc osobni cti v tomto sméru prispét at’jiz vlastnim
prispévkem, nebo ziskanim prispévku ze zahranic{;

® v piipadé, Ze poclet prihlasenych prispévku nebude dostadu-
jici, eventudlné jejich obsah a odbornd droven by neodpovi-
daly naSim predstavdm, prijmout prislu§nd opatfeni k ndpra-
vé; ze zkuSenosti predchozich kongresu Ize takovou situaci
do jisté miry ocekdvat, proto také byly terminy pro zaslani
abstrakta a prijeti pfispévku stanoveny tak, aby bylo mozné
jesté vyhldsit terminy ndhradni;

® nedilnou souddsti kongresu jsou prednéasky v ramci vzdéla-
vaciho programu; ,,generdlni zkouska“ probéhne jiZ na pod-
zim 2006 — je tfeba jeji droven nezanedbat a jeji vyznam
nepodcenit;

@® dalsim duleZitym odbornym, ale soucasné i ekonomickym
prvkem kongresu je vystava; nelze spoléhat pouze na sku-
teCnost, Ze firmy z celého svéta maji zdjem se ji ziCastnit —
tento zdjem je tieba vyvolat a podchytit. Ceské a slovenské
firmy — pres to, Ze jejich vystavni aktivity na predchozich
kongresech byly velmi skromné — by mély tentokrdt vyuZit
domaéciho prostfedi a ukdzat odbornikiim z celého svéta, Ze
ani v této oblasti nezaostdvame.

ING. GEORGIJ ROMANCOY,
predseda organizacniho vyboru WTC 2007,
e-mail: office-wtc2007 @metroprojekt.cz
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INFORMACE O VYDANI PUBLIKACE
O PODZEMNIM STAVITELSTVi V CESKE REPUBLICE

INFORMATION ABOUT THE ISSUANCE OF A PUBLICATION
ON UNDERGROUND CONSTRUCTION IN THE CZECH REPUBLIC

As mentioned in the leading article of this issue of the Tunel maga-
zine, an extensive representation publication dealing with the Czech
underground construction industry is being prepared for the World
Tunnel Congress to be held in Prague in 2007 (WTC 2007). The book
will discuss the history of tunnelling works, document the impressive
development of the underground engineering in the present and will
also outline the anticipated future underground projects. This antholo-
gy of the Czech underground engineering is being prepared by a team
of authors overseen by the Scientific Board of the congress and the
Czech Tunnelling Committee ITA/AITES.

The publication will be issued for the needs of the congress in Eng-
lish and each registered participant will receive it free of charge. The
issue of a Czech version to be for over-the-counter sale is also planned.

Jak jiZz je uvedeno v dvodnim ¢ldnku tohoto Cisla Casopisu, je pro
svetovy tuneldisky kongres Praha 2007 (WTC 2007) pripravovéna
rozsahld reprezentaCni publikace, zabyvajici se ¢eskym podzemnim
stavitelstvim. Kniha bude pojedndvat o historii tunelovani, zdokumen-
tuje imponujici rozvoj podzemniho stavitelstvi v soucasnosti a nastin{
i predpoklddané vyhledové realizace vyznamnych podzemnich dél.
Tuto antologii ¢eského podzemniho stavitelstvi zpracovdvd kolektiv
autord pod patronaci védecké rady kongresu a Ceského tuneldrského
komitétu ITA/AITES. Vlastni pripravu a vyddni zajiStuje firma
SATRA, spol. s r. 0. V pripadé zdjmu o spoluprdci kontaktujte
Ing. Pavla Sourka, SATRA, spol. s r. 0., ktery je povéfen celkovou
koordinaci a pripravou publikace. Kontaktni tdaje: telefon
296 337 149, GSM 606 743 530 email: pavel.sourek@satra.cz

15. rocnik - €. 1/2006

Vhodné jsou zejména historické
podklady jako archivni fotografie,
vykresy, texty atd.

Publikace bude vyddna v ang-
lickém jazyce pro potfeby
kongresu a obdrzi ji zdarma
kazdy fddné zaregistrovany
uCastnik. Predpoklddd se téz
vydani ceské verze, kterd bude
urcena pro volny prodej.

ING. PAVEL SOUREK,
SATRA, spol. s r. o.,
e-mail: pavel.sourek@satra.cz
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SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES
SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

Skanska BS celebrates the 55th anniversary of the foundation
of its predecessor, Banské stavby a.s., Prievidza. The conference
Underground Construction 2006 is one of the events being
prepared in the framework of this jubilee. The conference venue
will be the spa town of Bojnice, similarly to the previous 2001
conference. The conference will be held from 2nd to 4th October
2006.

The conference topics will be focused on the following circuits:

— Engineering-geological and geological survey

— Construction design and pre-planning

— Execution of underground constructions and monitoring

during the works

— Technical and safety measures

— Funding, risks and contractual conditions

Ms Beata Voskdrova, the conference secretary, has more infor-
mation for you at the address:

Skanska BS, Kosovskd 16, 971 74 Prievidza, Slovak Republic

Phone: 00421 46 5190 407, facsimile: 00421 46 5424 494,
mobile telephone: 00421 902 986 313,

e-mail:beata.voskarova@skanska.sk

Spolo¢nost’ Skanska BS si v roku 2006 pripomina 55. vyrocie
zalozZenia svojho predchodcovského podniku Banské stavby,
a.s., Prievidza. Jednou z akcif pripravovanej v rdmci tohto jubi-
lea bude konferencia Podzemné stavebnictvo 2006. Miestom
konferencie, podobne ako v pripade predoslej konferencie v roku
2001, bude kipelné mesto Bojnice. Ddtum konferencie je 2. — 4.
oktéber 2006.

Tematika konferencie je zacielend do tychto okruhov:
— InZiniersko-geologicky a geologicky prieskum
— Projektovanie a priprava stavieb

— Realizdcia podzemnych stavieb a monitoring pocas vystavby
— Technické a bezpecnostné opatrenia
— Financovanie, rizikd a zmluvné podmienky

Organizatori vyjadruju presvedcenie, Ze konferencia bude
vhodnym stretnutim odbornikov v odbore podzemného staveb-
nictva zo vSetkych sfér a dobrym férom vymeny poznatkov
vedy, techniky, najnovsej praxe a vyhladov do budtcnosti.
Uspesnost predchadzajiicich konferencii a pekné prostredie Boj-
nic je zarukou, Ze konferencia bude dobre obsadend a Ze organi-
zatori sa postarajui o to, aby nielen odborny program, ale aj spo-
locenské akcie uspokojili vSetkych tcastnikov. Vzhladom na to,
Ze Svetovy tuneldrsky kongres ITA/AITES 2007 bude nasledo-
vat'iba s niekolkomesaénym odstupom, konferencia v Bojnici-
ach mo6ze byt dobrou pripravou domacich odbornikov na vystd-
penie na medzinarodnom fére WTC 2007 v Prahe.

Patronat nad konferenciou prevzal slovensky minister dopra-
vy, post a telekomunikacii Pavol Prokopovi¢, spoluorganizator-
mi si Slovenskd tuneldrska asocidcia a Ndarodnd dialhi¢na
spolo¢nost, a. s., Bratislava. Pozvdnku na konferenciu spolu
s vyzvou na spracovanie odbornych prispevkov a predbeznou
prihlaskou organizatori rozoslali potencidlnym tucastnikom vo
februadri t. r.

Blizsie informdcie vam poskytne sekretirka konferencie
Ing. Bedta Voskdrovd na adrese:

Skanska BS, KoSovska 16,971 74 Prievidza,

tel.: 00421 46 5190 407, fax: 00421 46 5424 494,

mobil: 00421 902 986 313, mail:beata.voskarova@skanska.sk

ING. JOZEF FRANKOVSKY, élen organizaéného vyboru



