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JAK SE RODI TUNEL - STUDIE PROVEDITELNOSTI
MESTSKEHO TUNELU V CESKEM KRUMLOVE

HOW A TUNNEL IS BORN - FEASIBILITY STUDY
OF AN URBAN TUNNEL IN CESKY KRUMLOV
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uvoD

Jsou mésta, kterd z historického pohledu berou ¢lovéku dech. Atény,
Benitky, Praha, Cesky Krumlov se krdsou vyrovnaji divim piirody
a vzbuzuji v ¢loveéku pychu na to, co vytvoril. V némém tzasu zhlizi-
me na dila, kterd postavili nasi davn{ predci v naprosté dokonalosti,
bez mnoha stupnu planovanl autocadu, 3D modelt a Vypocetnlch pro-
gramti. Cechy si své vyjime&né postaveni v Evropé ziskaly mimo jiné
diky vydatnosti svych nerostnych zdsob. Stard hornickd mésta Jihlava,
Kutnd Hora, Jachymov, Pfibram, Ka$perk, Novy Knin, Jilové a Cesk}’/
Krumlov podporovala dspéchy Ceského stitu ve stredovéku a bez
jejich piinosu by Cechy a Morava pravdépodobné uz ddvno zmizely
z mapy Evropy. Historickd centra téchto mést odrazeji jejich byvalou
sldvu a bohatstvi.

Stavbu novych tunelii jsme zatim v Ceské republice zvykli vidat
pouze na ddlnicich a ve velkych méstech — v Praze a v Brné. Vyjimkou
je jen tunel Hrebe¢ a hloubeny tunel na obchvatu Jihlavy. Dostupnost
novych technologii a moZnost Cerpat finance z evropskych zdroju otvi-
raji prilezitosti premyslet o tunelovych stavbéch i v jinych lokalitdch,
neZ na dalni¢ni siti a v metropoh’ch Pritom nekterd mista se pro stav-
bu tunelt piimo nabizeji — viz napt. obchvat Vrchlabi na silnici 11/295
z Prahy do Spmdlerova Mlyna, kde velky spdd silnice vedené
v hlubokém zdrezu &ini problémy predev§im v zimnich mésicich.
Dal§im piikladem je i Objizdkova ulice na silnici 1/157 v Ceském
Krumlové, kterd byla vybudovéna v roce 1964 jako jeden z prvmch
méstskych obchvatl v jiznich Cechéch, prochazejici skalnim zafezem
na okraji brehu Vltavy — viz obr. 1, jejiZ ndhradou by se mél stdt pravé
navrhovany tunel.

V minulém stoleti nebyl dostatek finan¢nich zdroju ani zkuSenosti
pro stavbu tunell v Ceské republice — kromé metra v Praze. Uspéind
realizace fady silni¢nich a Zelezni¢nich tunelt v poslednich letech,
obrovsky nérust automobilové dopravy a zvysené poZadavky na eko-
logické aspekty, ddvaji predpoklady pro vyuziti tunelovych staveb
v daleko vétsi mite.

Stfedovéké sidlo proslo bohatou historif, a to bez ni¢ivych pozaru &
vojenskych taZeni. Diky tomu si mésto uchovalo svuj historicky cha-
rakter a patfi mezi nejzachovalej$i celky méstské architektury u nds
i ve svéte. Jako vyznamnd pamdtkova rezervace s vice neZ tfemi sty

Obr. 1 Letecky sm’meky Ceského Krumlova s vyznadenim trasy tunelu
Fig. 1 Aerial photo of Cesky Krumlov with the tunnel route layout

INTRODUCTION

There are towns breathtaking for people from the historical point of
view. Beauties of Athens, Venice, Prague or Cesky Krumlov, equalling
the wonders of nature, raise pride in people in what they have created.
Struck dumb, we look down at the pieces of work which was carried out
by our ancestors, absolutely perfectly, without many planning stages,
the AutoCad software, 3D models and computation programs. Bohemia
won its unique position in Europe, among others, due to yield of its
mineral resources. The success of Czech politics in the Middle Ages
was supported by the old mining towns of Jihlava, Kutnd Hora,
Jachymov, Piibram, Kasperk, Novy Knin, Jilové and Cesky Krumlov.
Without their contribution, Bohemia would have disappeared from the
map of Europe ages ago. Historic centres reflect the past glory and
wealthiness of these towns.

We are accustomed to seeing construction of new tunnels in the
Czech Republic only on motorways and in big cities, Prague and Brno.
The only exception is the Hiebe¢ tunnel and a cover-and-cut tunnel on
the Jihlava by-pass road. The availability of new technologies and pos-
sibility of drawing funds from European sources has opened up oppor-
tunities to consider construction of tunnels even in other locations than
on the motorway network and in big cities. Some locations even offer
the opportunity for tunnel constructions — for example the by-pass of
Vrchlabi on 11/295 road from Prague to Spindleriv Mlyn, where the
steep gradient of the road running in a deep open trench creates pro-
blems, most of all in winter seasons. Another example is Objizdkova
Street (By-pass Street) on 1I/157 road in Cesky Krumlov, leading in
a rock cut on the Vltava River bank (see Fig. 1), which was built in
1964 as one of the first town by-passes in Southern Bohemia. The tun-
nel being currently proposed should replace this road alignment.

With the exception of the metro construction in Prague, there was
a lack of funding and experience for tunnel constructions in the Czech
Republic in the past century. The successful construction of many
road/railway tunnels during the past years, the immense increase in the
volume of motor-vehicle traffic and higher environmental requirements
have formed preconditions for the use of tunnel structures to a much
larger extent.

The medieval town of Cesky Krumlov has a chequered history
behind it, without devastating fires or wars. Owing to this fact, the town
has kept its historic character and belongs among the best preserved
complexes of urban architecture both in the Czech Republic and world-
wide. As a significant heritage site with over three hundred ancient
monuments, the town was inscribed on the UNESCO World Heritage
List of cultural and natural properties in 1992. As the only Czech town,
it was rated 16th in the list of 109 world’s most beautiful historic desti-
nations, which is published by National Geograpic Traveler,
a worldwide prestigious magazine. The growing popularity of the town
has also been reflected in the number of visitors, which has increased
by tens of per cent since 2002. In 2008, there were up to 200 thousand
vehicles and 7 thousand coaches on parking lots in the town, and the
total number of visitors reached up to 1 million 200 thousand (over 50%
of them arrived by cars). Poor transport accessibility, the missing incor-
poration of the region into the international motorway network and the
deteriorating traffic situation in the town form a limit to the attendance
rate. The high traffic flows which were proved during a census in 2005,
the growing number of visitors to the town and the preparation of the
construction of the D3/R3 motorway prodded the municipality into
ordering this study, with a financial contribution from the State Fund
for Transport Infrastructure.
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chrdnénymi objekty bylo mésto zapsdno v roce 1992 do Seznamu
sveétového kulturniho a prirodniho dédictvi UNESCO. Jako jediné
Ceské mésto bylo v roce 2008 zafazeno na 16. misto seznamu 109 nej-
krasnéjsich historickych mist svéta, ktery sestavuje prestizni svétovy
Casopis National Geographic Traveler. Rostouci popularité mésta
odpovidd i poet navstévnika, ktery se od roku 2002 zvysil o desitky
procent. V roce 2008 bylo na parkovistich mésta az 200 tisic vozidel
a 7 tisic autobusu a celkovy pocet navstévniku doséhl az 1 milion 200
tisic, z nichZ vice nez 50 % prijizdi v osobnim automobilu. Limitem
rastu ndv§tévnosti je $patnd dopravni dostupnost, nenapojeni regionu
do mezindrodni ddIni¢n{ sité a zhorSujici se dopravni situace ve mésté.
Vysoké intenzity dopravy prokdzané pfi s¢itdni v roce 2005, narustaji-
ci podet navitévnika mésta i priprava vystavby délnice D3/R3 vedly
mésto k zaddn{ této studie s finannim piispévkem Stdtniho fondu
dopravni infrastruktury.

Tunel délky 516 m a novy most pres Vltavu jsou soucdsti prelozky
silnice 1I/157, jez mé odleh¢it predpoklddané z&tézi krizovatky na sil-
nici [/39 a I1/157 u Pordkova mostu, odklonit tranzitni dopravu dile od
centra a snizit hlukovou zatéZ na pamétkové chranénou zénu — viz obr.
2. ZlepSeni dopravni dostupnosti podpofi vyznamné rozvoj cestovniho
ruchu a spole¢né s napojenim rozvojovych ploch a revitalizovanych
aredlu tak stavba umozni dalsi ekonomicky rozvoj mésta a feSeni
zameéstnanosti.

Na hlavni tah z Ceskych Budé&jovic k lipenskému jezeru do Cerné
v PoSumavi se ve mésté pripojuje silnice II/157 od Kaplice.
Komunikace s novym mostem pies Vitavu a tunelem spoji kiizovatku
na predmésti Ceského Krumlova na silnici I/39 pifmo s kfizovatkou
silnic 11/157 a 11/160. Zaroven se pocitd s napojenim nové pldnova-
nych ploch podél Vltavy, které budou slouZit prevdzné rekreaénim
a dal§fm G&elum, vyhodou bude i zkrdceni cesty k autobusovému nad-
razi a k nemocnici. Studie stabilizuje trasu prelozky silnice 11/157
a provadi jeji posouzeni z hlediska umistnéni, vystavby, splnéni poza-
dovaného dopravniho déelu, vlivu na Zivotni prostredni a efektivnosti
vynaloZenych finan¢nich prostiedku.

VYCHOZ[ UDAJE

V digitdlnim véku mame daleko vice moZnosti pfi obstardni podkla-
du, které si shromazdime v pocitali a které ndm slouZi pro pfipravu
projektu. Katastralni mapa zdjmového tizemi, zdkladni mapa CR,
zakresleni stdvajicich siti od jednotlivych spraveu, ortofotomapa,
tizemni pldn mésta Cesky Krumlov, dopravné-inZenyrské posouzeni,
geologické podklady, mapa poddolovanych tzemdi, vSe je k dispozici
v oteviené formé. K tomu moZnost doplnéni o geodetickd méren{
vlastnim servisem nasi firmy.

Kromé jedndni se zdstupci méstského viradu, rozhodujicich investort
rozvojovych lokalit, bylo pro feSeni trasy tunelu a navazujicich kfiZo-
vatek rozhodujici vyjadfeni Hasi¢ské zdchranné sluzby a Policie CR.

INZENYRSKOGEOLOGICKE HODNOCENI

Z4jmové tizemi se nachdzi severovychodné od centra Ceského
Krumlova. Je tvofeno elevaci ohrani¢enou prikrymi svahy, kterou ze
zapadu, severu a vychodu obtékd feka Vltava. Maximadlni kéta povr-
chu je 525 m n. m., coZ je zhruba 50 m nad hladinou Vltavy.

Zakladni horninou skalniho podkladu jsou jemnozrnné biotitické
pararuly a migmatity s loznimi zilami aplitickych Zul aZ aplita. Trasa
uvazovaného tunelu leZi v pestré sérii krumlovské, kde se stiidd rada
krystalickych a magmatickych hornin. Je to uzemi petrograficky
i tektonicky velmi sloZité, charakteristické velkym mnozstvim raznych
hornin. Uzemi je bohaté na piirozené vychozy podél strmych bieht
Vltavy. Prevazujici pararuly jsou ve zdravé formé tence bridli¢naté,
Sedohnédé az Sedocerné barvy, v povrchovych partiich vétSinou znac-
né rozpukané, rezavé hnédé, kryté mdlo mocnou vrstvou hlinitopis¢i-
tych silné slidnatych eluvii. Obsahuji fadu vloZek odchylnych hornin
— kvarcity, krystalické vapence, na které byvaji vazany polohy grafi-
tickych rul, ddle amfibolity, erldny atd. Komplexem vySe uvedenych
hornin pestré krumlovské série pronika fada loznich i pravych Zil leu-
kokratni Zuly. Objemovd hmotnost téchto hornin se pohybuje od
2,6-2,75 g/cm3 a pevnost v prostém tlaku od 50-200 MPa.

V krystalickych hornindch je vhodné v rdmci inZenyrskogeologic-
kého pruzkumu realizovat strukturni analyzu masivu zaloZenou na
strukturnim méfen{ ploch nespojitosti geologickym kompasem. Tento
postup vyuZivé principt Goodmanovy metody a vychdzi z faktu, Ze
geometrie téles v prostoru je uréena vzddlenosti oddélujicich ploch
a orientaci takto vzniklého télesa k témto meznim plochdm. Analyzou
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The 516m long tunnel and a new bridge over the VItava River are
parts of the II/157 road diversion project, which is intended to reduce
the anticipated traffic flow on the intersection between the 1/39 and
11/57 roads near the Pordkuv Bridge, divert transit traffic further from
the centre and reduce noise pollution in the heritage zone (see Fig. 2).
The improvement in traffic accessibility will significantly support the
development of tourist industry. Thus the project will, together with
connecting development areas and revitalised grounds, make further
economic development of the town and solving employment possible.

The trunk road from Ceské Budéjovice toward the Lipno reservoir to
Cernd v Posumavi receives the II/57 road from Kaplice, connecting
inside the town. The road, containing a new bridge over the Vltava
River and a tunnel, will connect an intersection in the éesky Krumlov
suburb on the 1/39 road with the intersection between the 1I/157 and
1I/160 roads. It is at the same time planned that newly planned areas
along the Vltava River will be connected to serve mainly for recreatio-
nal and other purposes. Another advantage will be the shortened way to
the bus station and the existing hospital. The study stabilises the align-
ment of the II/157 road diversion and assesses the road from the point
of view of the location, construction, meeting the required transport-
related purpose, the environmental impact and effectiveness of financi-
al assets to be spent.

SOURCE DATA

In the digital age, there are much more opportunities for us to obtain
source data, which we can collect in our computers and which will be
used during the design stage. The cadastral map of the area of operati-
ons, the base map of the Czech Republic, existing utility networks plot-
ted by individual utility authorities, an ortophoto map, the Cesky
Krumlov land-use plan, traffic impact assessment, geological documen-
tation, a map of undermined areas — all of these documents are availab-
le in an open form. In addition, supplementary geodetic surveys can be
carried out by our company’s own services.

Apart from negotiations with representatives of the municipal office
and major developers, a document crucial for the alignment of the tun-
nel and adjacent intersections was the opinion of the Fire Rescue
Service and the Police of the Czech Republic.

ENGINEERING GEOLOGICAL ASSESSMENT

The area of operations is found north-east of the city of Cesky
Krumlov. It is formed by an elevation bordered by steep slopes, with the
Vltava River flowing along its western, northern and eastern sides. The
maximum surface altitude is 525m a.s.l., which is roughly 50m above
the Vltava River level.

The basic rocks forming the bedrock are fine-grained biotite parag-
neiss and migmatite with aplitic granite to aplite vein intrusions. The
route of the tunnel being designed passes through the Chequered
Krumlov Series with a range of alternating crystalline and magmatic
rocks. The area is very complicated in terms of petrography and faul-
ting. It is characterised by great numbers of various rock types. The area
is rich in natural outcrops along the steep banks of the Vltava River. The
prevailing rock type is thinly foliated, grey-brown to grey-black parag-
neiss in the fresh form, which is mostly significantly fissured in the sur-
face layers, rusty-brown, covered by a thin layer of loamy-sandy, hea-
vily micaceous eluvia. It contains numerous interbeds of different rocks
— quartzite and crystalline limestone, with layers of graphitic gneiss, as
well as amphibolites, erlan etc. The complex of the above-mentioned
rocks forming the Chequered Krumlov Series is penetrated by nume-
rous veins of leucocratic granite, both intrusive and true fissure ones.
The volume weight and unconfined compressive strength of the rocks
vary from 2.6 to 2.75 g/cm3 and 50 to 200MPa, respectively.

Regarding crystalline rocks, it is advisable to carry out a structural
analysis of the massif within the framework of the engineering geolo-
gical survey. The analysis should be based on structural measurements
of discontinuity surfaces using a dip compass. This procedure uses
Goodman’s method principles and is based on the fact that geometry of
bodies in space is determined by the distance of separation planes and
the orientation of the body originating in this way toward these limiting
planes. By the analysis, we identified critical blocks, which may start
moving into free space by its own weight when exposed during the
excavation. The design for the configuration, number and lengths of
anchors will be adjusted for individual NATM support classes on the
basis of the analysis.




Obr. 2 Zdrez ul. Objizdkovd
Fig. 2 Objizdkovd Street open cut

jsou vytipovdny kritické bloky, které se mohou po odkryti vylomem
dostat do pohybu do volného prostoru i¢inkem vlastni tihy. Na zdkla-
dé této analyzy se upresni ndvrh rozmisténi, poctu a délek kotev
v jednotlivych tfidach vyrubu NRTM.

Kvartérni pokryvné ttvary jsou zastoupeny materidly dvoji geneze.
V tdoli Vltavy je uloZena spodni, akumulacni terasa, prekrytd holo-
cennimi povodnovymi ndplavy Vltavy. Mocnost téchto terasovych
ndplavu se pohybuje od 1,2-4,5 m. Svahy elevace, kterou prochdzi
pldnovany tunel, jsou na povrchu prekryty vrstvou svahovych sedi-
mentt ve formé pis¢itych hlinitokamenitych suti kvartérniho staff
a vrstvou piscitych svahovych hlin. Na temeni elevace se vyskytuji
pisCitokamenitd eluvia, pro néZ je typickd mald mocnost a pozvolny
prechod do pevného skalntho podkladu. Hranice mezi eluviem
a svahovymi sutémi nebyva zietelnd, oba typy pokryvnych dtvara do
sebe prechézeji podle Clenitosti terénu a expozice.

Svahy v této oblasti nevykazuji v soucasnosti zddné projevy nesta-
bility a nejsou zde ani dokumentovany svahové pohyby. Nelze vSak
vyloucit mistni deformace vzniklé ve spojitosti s vydatnymi srazkami
nebo zpusobené Cinnosti ¢lovéka. Na strmych svazich pak dochézi
k pomalym plouZivym pohybum zvétralin, tyto pohyby jsou vSak tak-
fka neregistrovatelné.

Horniny skalntho podkladu (krystalické bridlice) jsou ve zdravém
stavu nepropustné pro srazkovou vodu. Povrchové partie jsou vSak
postiZzeny zvétrdvacimi procesy, a tudiz puklinovy systém v této z6né
obsahuje puklinovou vodu, vétSinou vSak malé vydatnosti (desetiny
litru/ sek.). Pouze v zénéch tektonického poruseni (v drcenych pds-
mech) se muZe vyskytnout puklinovd voda vétsi vydatnosti. Horniny
skalniho podkladu jsou prevdzné zakryty plastém zvétralin, v némz se
hromadi mélkd podzemni voda. Dosah tohoto kolektoru zfidka presa-
huje hloubku 10 m a v podstaté kopiruje povrch terénu. V tddolnich
ndplavech Vltavy se vyskytuje pofi¢ni voda. Jeji hladina se nachdzi
v malé hloubce pod povrchem tdolni nivy a je v uzké souvislosti
s hladinou vody v fece. Podle podkladu Povodi Vltavy je hladina sto-
leté vody v zdjmovém tzemi Qoo = 479,3 m n. m., béZnd hladina se
pohybuje kolem 475 m. Pfedpoklddand niveleta komunikace
v severnim portédlu tunelu je 483,8 m n. m. Pfi dovrchni razbé od sever-
niho portdlu pfedpokldddme zahdjeni razby nad hladinou podzemni
vody a ddle s moznymi ojedinélymi pritoky po puklinovém systému.

DULNI CINNOST

V zdjmovém dzemi maji rovnéZz znany vyznam umélé navazky,
haldy, ndsypy a odvaly. Nékteré z nich jsou velmi staré, pochézejici
z doby t€7by zlata a stifbra na Krumlovsku ve stredovéku.

V okoli Ceského Krumlova, dokonce i ve vnitinim méste, probiha-
la rozsdhla dalni ¢innost. Historie téZby a zpracovéni grafitu zasahuje
do obdobi pred vice nez 2000 lety, kdy grafit dobyvali a pro vyrobu
zaruvzdorné keramiky uZivali staii Keltové. Poclétky t€zby zlata
z jihoCeskych ryZovist jsou jesté starSiho data. TéZba stifbra kulmino-
vala na Ceskokrumlovsku v 16. stoleti (za vlady Rozmberk), nejstar-
§i pisemnd zminka o dobyvdn{ stfibra a zlata v okoli mésta Cesky
Krumlov a ve mésté¢ samotném je z roku 1475. Naposledy bylo kutd-
no na Stole sv. Jan Nepomucky pod Kfizovou horou. Zastavenim téch-
to praci v roce 1849 kondi i historie dolovani stfibra a zlata v okoli
Ceského Krumlova.
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Quaternary surface deposits are represented by materials which evol-
ved in two ways of genesis. The Vltava River valley contains a lower
accumulation terrace, which is overlain by Holocene flood-plain depo-
sits. The thickness of the terrace deposits varies from 1.2m to 4.5m.
Slopes of the elevation, through which the planned tunnel will pass, are
overlain on the surface by a layer of slope sediments in the form of
sandy and loamy-stony debris of the Quaternary age and a layer of
sandy slope loams. Sandy-stony eluvia are found on the top of the ele-
vation. Typical of them is small thickness and gradual transition to the
hard bedrock. The border between the eluvium and slope debris is usu-
ally indistinct; both types of the superficial deposits transition to each
other depending on the terrain topography and exposition.

In this area, slopes do not currently exhibit any manifestations of
instability and there are no slope movements documented there.
Nevertheless, local deformations originating during heavy rains or
those caused by human activities cannot be excluded. Slow, creeping
movements of detritus take place in such cases on steep slopes. But
these movements are nearly impossible to register.

The rocks forming the bedrock (crystalline shales) are in fresh con-
dition, impermeable for rain water. However, the surface parts are
affected by weathering processes; therefore, the fissure system in this
zone contains fissure water, mostly with low yield (tenths of litres per
second. Higher yield fissure water can be encountered only in tectoni-
sed (crushed) zones). The bedrock is mostly covered with a weathered
rock mantle containing a shallow aquifer. This aquifer only rarely rea-
ches deeper than 10m; in substance, it copies the terrain surface. The
Vltava River alluvial deposits contain alluvial water. The water table is
found at a small depth under the surface of the flood plain; it changes
with the level of the river. According to the documents obtained from
the Vltava River Basin Authority, the water level during a 100-year
occurrence flood in the area of operations is Qo0 =479.3 m a.s.1.., while
the normal level fluctuates about 475m a.s.1. The planned vertical align-
ment of the roadway at the northern tunnel portal is at 483.8m a.s.l. If
the tunnel is driven uphill from the northern portal, we assume that the
excavation will start above the water table and only isolated inflows of
fissure water will be possible.

MINING ACTIVITIES

Artificial fills, mine dumps, embankments and spoil banks are very
important in the area of operations. Some of them are very old. They
originated in the Middle Ages, the time when gold and silver was mined
in the Cesky Krumlov region.

Extensive mining took place in the Cesky Krumlov surroundings, even
in the inner area of the town. The history of graphite mining and processing
extends back to the time over 2000 years ago, when graphite was extracted
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Obr. 3 Ndkres dulnich dél v okoli zajmového tizemi
Fig. 3 Diagram of mine workings in the vicinity of the area of operations
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Mezi nejduleZitéj3i historické dulni lokality patii také Rozsyp, kde
jsou uvadény cechy Schwatzer, Panna Marie, Barbora, $tola Albert
a dédi¢nd $tola Habakuk, pres 200 m dlouhd — viz obr. 3. Mistni ndzev
»Rozsyp“ (ryzovisté zlata), souvisi idajn€ s velmi starou érou ryZovéa-
ni zlata ve vodnich tocich v okoli Ceského Krumlova.

Tato oblast blize nespecifikovaného ,,rozsypu* se nachdzi piimo
v nadloZi tunelu, pri¢emZ nezndme rozsah, mocnost ani sloZeni skldd-
kového materilu. Dle dokumentace dulnich dél se v zdjmovém dzemi{
pro vystavbu tunelu v podzemi 7ddn4 stard dulni dila nevyskytuji.

U severniho portdlu se nachdzi dsti kanaliza¢ni Stoly, kterou je vede-
no kanaliza¢ni potrubi do Cistirny odpadnich vod. Stola ddle od usti
pokracuje jihovychodnim smérem a odkldni se od trasy tunelu.
Predpokladem pro bezpecnou razbu tunelu je zachovani dostate¢ného
horninového celiku mezi tunelem a Stolou. Zrusena sStola Albert se
nachdzi déle po proudu Vltavy, do zdjmového izemi nezasahuje.

Archivni dokumentace z historické déilni &innosti v Cechach je ulo-
Zena v Kutné Hote, mens{ ¢dst je v Pribrami a vzhledem k rakousko-
uherské etapé nasi historie rovnéz ve Vidni. Pro dcely této studie
postatila mapa poddolovanych tzemi, predand méstem,
a dokumentace kanaliza¢ni Stoly vedouci od Vltavy u severntho porta-
Iu do disticky odpadnich vod.

NAVRH TUNELU

Vlastn{ vybér trasy i feSeni prelozky komunikace bylo zpracovéano
na$im silni¢nim oddélenim, které se timto zdmerem zabyv4 jiz od roku
2003. Na oddéleni ,tuneldia“ zbylo ,jen* feSeni vlastniho tunelu.
Souddsti studie je vypracovani variant trasy. Umisténi tunelu jiz bylo
dédno dzemnim planem, varianty se tedy tykaly spiSe reseni kfiZovatek
a premosténi Vltavy. Standardné prvni véci pri ndvrh tunelu je zhod-
nocenf geotechnickych pomért, vysky nadloZi, thlu trasy vzhledem ke
svahu, poloha portdlu, stdvajici zdstavby a inZenyrskych siti v nadloz{
tunelu. Tyto podminky jsou zdsadni pii ndvrhu podélného fezu
a vzorovych pri¢nych fezu razené a hloubené Césti.

Krystalinikum ¢eskokrumlovského moldanubika tvorené pararulami
je pro razbu i u nds osvédéenou a v poslednich 20 letech vyhradné pou-
zivanou Novou rakouskou tunelovaci metodou idedlni. Jeji aplikaci 1ze
vytvorit subtilni prufezy ve srovnani s tunely stavénymi pred 100 lety.
Geometrie pii¢ného fezu je dulezitd z hlediska statického pusobent,
spravny ndvrh dokdZze vyrazné sniZit hodnoty vnitfnich sil a tak zmen-
§it dimenze primdrniho i sekundérniho osténi, v optimdlnim pripadé
Ize pouzit u sekunddrniho osténi nevyztuZeny beton. NevyztuZené
osténi méd kromé nizSich investi¢nich ndkladu vyhodu i v omezen{
nebezpedi protrzeni izolace. Paradoxné neznamend rychlejsi postup
stavebnich praci, protoZe montdZz vyztuZe probihd v predstihu
a rychlost postupu betondZe urCuje doba pro odbednéni, ale vyrazné se
sniZ{ pracnost.

Z vysledki dopravné-inzenyrského posouzeni (DIP) plyne, Ze na
tunelovém tseku prelozky dojde k vyraznému néristu intenzity
dopravniho zatiZeni. V horizontu pro rok 2030, ktery byl zvolen pro
stanoveni intenzit v DIP s ohledem na prostorové usporddani, staveb-
ni dpravy a vybaveni tunelu a pro zatfidéni tunelu, vychézi hodnota

Vzorovy pficny fez razeny tune Kategorie T-9,5
Typical cross-section of the T-9.5 category mined tunnel M1 : 50 -1 : 50 scale

Plocha vyrubu 99,6 m’l|
Excavated cross-sectiqpal area 99.6m?

vy

Obr. 4 Vzorovy priény rez tunelu
Fig. 4 Typical tunnel cross-section

and used for the production of fireproof ceramics by Old Kelts. The begin-
nings of gold extraction from South-Bohemian placer deposits are even of
an older date. Silver mining culminated in the Cesky Krumlov region in the
16th century (under the rule of the Rosenberg family); the oldest written
reference to silver and gold mining in the surroundings of Cesky Krumlov
and inside the town is dated 1475. The last prospecting was carried out in
the Saint John Nepomucen gallery under Kfizova mountain. The history of
silver and gold mining in the surroundings of Cesky Krumlov ended in
1849, when the work in this gallery was terminated.

One of the most important mining locations is Rozsyp, where they
mention workings of Schwatzer, Panna Marie and Barbora, the Albert
gallery and the over 200m long Habakuk sough (see Fig. 3). The local
name “Rozsyp” (a Czech word for a placer) is reportedly associated
with a very old era of washing gold from water streams in the surroun-
dings of Cesky Krumlov.

This placer area, which was not specified in a more detailed manner,
is found directly in the tunnel overburden. We do not know the extent,
thickness or composition of the dump. According to mine workings
documentation, no old underground mine workings exist in the area of
construction operations.

The mouth of a sewerage gallery, containing a sewer leading to
a sewage treatment plant, is found at the northern portal. Further from
the mouth, the gallery continues in a south-east direction and diverts
from the tunnel route. There is a condition for safe tunnel excavation
—sufficiently thick rock mass between the tunnel and the gallery must
be maintained. The abandoned gallery Albert is found further down-
stream the Vltava River; it does not extend into the area of operations.

Archive documentation regarding historical mining activities in
Bohemia is stored in the town of Kutnd Hora, smaller part is in Pf{bram
and, with respect to the Austro-Hungarian stage in the Czech history,
also in Vienna. The map of undermined areas we received from the
municipality and documentation of the sewerage gallery leading from
the Vltava River (at the northern portal) to the sewage treatment plant
were sufficient for the needs of this study.

TUNNEL DESIGN

Selecting of the alignment itself and designing of the road diversion
was carried out by our road department, which has been involved in sol-
ving this concept since 2003. “Only” the solution to the tunnel itself
remained to be solved by our tunnelling department. Part of the study is
developing the route variants. The tunnel location has been given by the
land-use plan, the variants therefore had to deal only with intersections
and bridging over the Vltava River. As a standard, first things to be
dealt with when a tunnel is to be designed comprise an assessment of
geotechnical conditions, the height of the overburden, the angle at
which the tunnel enters slopes, locations of portals and existing buil-
dings and utility networks in the tunnel overburden. These conditions
are crucial for the design for the longitudinal section and typical cross
sections in mined and cut-and-cover / cover-and-cut sections.

The crystalline complex of the Cesky Krumlov Moldanubic, which is
formed by paragneiss, is ideal for excavating by the New Austrian
Tunnelling Method, which has been solely used in the Czech Republic
for the past 20 years and has acquitted itself well. Its application is
capable of creating subtle cross sections compared with the tunnels
which were built 100 years ago. Cross-section geometry is important in
terms of the structural action; a proper design can significantly reduce
values of internal forces, thus to reduce dimensions of the primary and
secondary linings; unreinforced concrete can be used for the secondary
lining in an optimal case. An unreinforced lining is advantageous not
only because of lower investment costs, but also because of reducing
the risk of tearing the waterproofing membrane. Paradoxically, it does
not mean quicker progress of construction work because of the fact that
concrete reinforcement is placed in advance and the excavation advan-
ce rate is determined by the time required for stripping of the formwork.
On the other hand, the labour intensity is reduced in such a case.

It follows from the results of the Traffic Impact Assessment (TIA)
that the traffic volume will significantly grow within the tunnelled sec-
tion of the diversion. In the 2030 horizon, which was chosen for the
determination of traffic flow volumes in the TIA with respect to the
geometric design, structural measures and tunnel equipment, and for
determination of the tunnel category, the calculated traffic volume is
equal to 17 thousand vehicles per day. This value already gives a reason
for constructing two tunnel tubes for a dual carriageway. The TIA resul-
ted in a design draft comprising one tunnel tube with emergency lanes
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takika 17 tisic vozidel/den. To uZ zavddva divod k posouzeni nutnos-
ti vybudovani dvou smérové rozdélenych tunelovych trub. Vysledkem
byl ndvrh jedné tunelové trouby s nouzovymi pruhy pro oba dopravni
sméry, a to v souladu s dseky komunikace pred a za tunelem s jednim
jizdnim pruhem v jednom jizdnim proudu. Vzhledem k délce tunelu
pres 500 m, kategorii navazujici komunikace MS2-18/8,5/50, po
vyhodnoceni rizik a uvdZeni technicko-ekonomického porovnini
nakladl na provoz a vystavbu je zvolena §ifkova kategorie dvoupru-
hové obousmérné tunelové trouby T-9,5. Toto feSeni povaZujeme za
nejvyhodnéjsi pro stfedné dlouhy méstsky tunel s vysokou intenzitou
dopravy. Sitka jizdniho pruhu je 3,50 m, §ika vodiciho prouzku prilé-
hajictho k nouzovému pruhu 0,25 m, §ifka nouzového pruhu 1 m.
Pri¢ny sklon vozovky navrhujeme 2.5 %, jednostranny se spaddem ke
Stérbinovym Zlabum.

Sitkové kategorie tunelu md jiz jednoznaéné uréeny prijezdni pro-
stor tunelu — viz obr. 4. Tento prostor je tfeba co nejtésnéji ,,obalit
vnitinim licem tunelu. Po dobrych zkuSenostech predevsim s vyuZitim
bankett jsme navrhli prufez natofeny podle pii¢ného sklonu vozovky.
Ve studii probéhlo porovnéni pri¢nych fezu, jejich lic tvori kiivka slo-
Zend z jednoho anebo ze dvou poloméru. PouzZiti osténi s jednim polo-
mérem vnitiniho lice osténi je vyhodnéjsi z hlediska statického posou-
zeni i z hlediska ndrokd na bednéni, ¢i tvaru piihradovych rdamu pri-
mdrniho osténi. Takovyto profil se podarilo nalézt pro dvoukolejné
Zelezni¢ni tunely a od vystavby tunelu Veprek se stal standardem na
Ceskych drahdch. Rozdil v poméru vysky a Sitky sdruZzeného tunelo-
vého prajezdného prufezu dvoukolejného tunelu 6x10 m a prujezdni
prostor komunikace T-9,5 4,5x11,5 m v¢. chodnika, znamena, Ze sil-
ni¢ni tunely obecné vychdzeji plossi. VEtSi vysku by bylo mozné vyu-
Zit jen pti umisténi vzduchotechnického kandlu pro polopri¢né nebo
pri¢né vétrani pod stropem tunelu. Pfi porovnédni geometrii pro osténi
s vnitinim licem tvofenym jednim nebo dvéma poloméry dostdvame
nasledujici udaje:

Varianta Poloméry Plocha Sifka Vyska
geometrie [m] vyrubu tunelu lice stropu
[m?] v misté  nad niveletou
vozovky [m]
[m]
2 poloméry, kat. T-9,5 6,6a4,8 99,6 118 6,8
1 polomér, kat. T-9,5 6,0 104.,5 11,7 7.5
2 poloméry, kat. T-8,0 5,5a4,55 85,1 104 6.5
1 polomér, kat. T-8,0 53 88,7 10,2 69
Zelezni¢ni dvoukolejny 5,7 101,5 10,7 7,6

V tabulce jsou pro srovndni uvedeny i hodnoty pro §itkovou kate-
gorii tunelu bez nouzovych pruht (T-8,5), ktery byl ve studii navrho-
van jako jedna z variant, a hodnoty pro standardni prufez Zelezni¢niho
dvoukolejného tunelu.

V névrhu pri¢ného fezu je déle tieba dodrzet nékterd pravidla, jako
je dostate¢nd $itka patky pro pojezd bedniciho vozu, dostate¢nd plo-
cha, na kterou se prendsi sily z klenby na patku, umisténi bo¢n{ dren4-
Ze za patkou pod touto pracovni sparou. V pii¢ném fezu je umisténo
i standardni vybaveni tunelu, jako nouzové chodniky, prostor pro sil-
noproudé i slaboproudé kabely, kabely pro nouzové osvétleni tunelu
a pozarni vodovod v banketu, kabelové ldvky a ventildtory pod stro-
pem, dopravni znacky na bocich tunelu, stfedn{ tunelova drendZ pod
vozovkou i odvodnéni vozovky §térbinovymi Zlaby se samozhédSecimi
kusy. Byla diskutovdna i moznost vedeni vodovodu tunelem pro pro-
pojeni méstskych fadu.

Po ndvrhu pri¢ného fezu nastdva obdobi pro jeho nasazen{ na nive-
letu planované komunikace do podélného fezu. Z vysky tunelu plyne
celkova vyska nadloZi a zejména vyska skalniho nadloZi. Ta je rozho-
dujici pro umistén{ portdli razeného tseku. V hornatych nebo kopco-
vitych Ceskych pomérech se vétsinou setkavame s klasickou razbou ve
skalnim masivu, kterd se zdsadné 1i$i od razby tunell v zemindch, jak
ji zndme z velkych evropskych mést v nivdch velkych fek nebo
u morte. Z odhadu vysky jednotlivych stratigrafickych vrstev jsme pro
potieby studie provedli i predbézny odhad délek jednotlivych trid
vyrubu, jak je u NRTM obvyklé, aby mohl byt zpracovan finan¢ni pro-
poCet nakladl na vystavbu tunelu. V ndvrhu délky tunelu a umistén{
portala se odréZi i predpoklad délky bedniciho vozu definitivniho osté-
ni, kterd byva vétSinou 12 m, v optimdlnim pripadé je celkova délka
tunelu ndsobkem délky standardniho bloku betondze.
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Obr. 5 Provizorni most u severniho portdlu
Fig. 5 Temporary bridge at the northern portal

for both directions of traffic, in harmony with the road sections before
and after the tunnel, with one traffic lane for one traffic stream. Width
category T-9.5 was selected for the double-lane bi-directional tunnel
tube with respect to the tunnel length exceeding 500m, the category of
the adjacent road MS2-18/8.5/50, the results of the assessment of risks
and taking into consideration technical-economic comparison of opera-
ting costs and construction costs. We consider this solution the most
advantageous for a medium-length urban tunnel carrying high traffic
flow volume. The widths of the traffic lane, marginal strip adjacent to
the emergency lane and the emergency lane are 3.50m, 0.25m and 1.0m,
respectively. A single-sided transverse incline of 2.5% is designed, inc-
lining toward slotted drains.

The traffic clearance space is unambiguously determined for the tun-
nel by the tunnel width category — see Fig. 4. This space must be “enve-
loped” by the inner surface of the tunnel as tight as possible. Taking into
account the good experience with the use of shoulders, we designed
a cross-section which is rotated according to the roadway cross-fall.
The study compared cross sections with the inner contours formed by
curves consisting of one or two radii. The use of a lining with one radi-
us of the inner surface is more advantageous in terms of a structural
analysis and requirements for formwork or for the shape of primary
lining lattice girders. Such a profile was successfully found for double-
rail tunnels. It has become a standard for Czech rail lines since the
Veprek tunnel construction. The difference in the proportion between
the height and width of a 6 x 10m conjugate clearance profile in the case
of a double-rail tunnel and the clearance profile for T-9.5 roadway of
4.5 x 11.5m (inclusive of walkways) means that the resulting geometry
of road tunnel profiles is generally flatter. A greater height could be
used only if the ventilation duct for a semi-transverse or transverse ven-
tilation system is located under the tunnel crown. When we compare the
geometries for linings where the inner surface contours are formed by
one or two radii, we receive the following data:

Geometry Radii Excavated Tunnel Height of

[m] area [m2] width at the roof

the roadway over the

level [m] roadway level

line [m]
2 radii, cat. T-9.5 6.6 and 4.8 99.6 11.8 6.8
1 radius, cat. T-9.5 6.0 104.5 11.7 75
2 radii, cat. T-8.0 5.5 and 4.55 85.1 104 6.5
1 radius, cat. T-8.0 53 88.7 10.2 6.9
double-rail 5.7 101.5 10.7 7.6

For the comparison purpose, the table also contains values for the
tunnel width category containing no emergency lanes (T-8.5), which
was proposed in the study as one of variants, and values for a standard
profile of a double-rail tunnel.

It is further necessary for the design draft to comply with all rules,
such as a sufficient width of the footing for the movement of traveller
formwork, a sufficient area to which forces are transferred from the
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Severni portél tunelu se nachdzi na prikrém brehu Vltavy — viz obr.
5 a 6, kde vyska nadloZi prudce stoupd, a to dokonce i pii ruzné vysce
nivelety, kterd je zdvisld na variantich ndvrhu premosténi Vltavy.
Z toho plyne potreba kritkého hloubeného tseku v délce jednoho
bloku betonédze definitivniho osténi, ddle je jiZ moZné zahdjit bezpe¢-
nou razbu. Vzhledem ke sklonovym pomérum tunelu predpokldddme,
Ze tunel bude razen dovrchné od tohoto portdlu, aby eventudlni prusa-
ky puklinové vody mohly byt svddény gravita¢né k tomuto niZe umis-
ténému portdlu.

Jizni portdl se nachdzi v rozsdhlejsi inundacni oblasti Vltavy
s mirnym svahem pokrytym deluvidlnimi sedimenty, bohuzel
i s pomérné neddvnou vilovou zastavbou — viz obr. 7. Pfi poZadavku
vy§kového napojeni na stdvajici kfizovatku v misté s nizkym
a povlovné stoupajicim nadloZim to znamend provedeni delsiho hlou-
beného dseku v oteviené stavebni jamé, predpokladdme délku alesponi
36 m, tj. 3 bloky betondze.

BEZPECNOSTNI A TECHNICKE VYBAVENI TUNELU

Pozadavky na stavebni dpravy z hlediska bezpecnosti stanovi tabul-
ka 2 CSN 73 7507.

Z hlediska stanoveni technického vybaveni tunelu se tunely zatfidu-
ji v zavislosti na délce tunelu a intenzité dopravy ekvivalentnich vozi-
del do bezpecnostnich kategorii. Navrhovany tunel spada do kategorie
TA, tedy s nejvyssimi ndroky.

Pro dopravni systém tuneli bezpenostni kategorie TA se (mimo
jiné) navrhuje:

e sbér a vyhodnocovani dopravnich dat;

e zafizeni pro v¢asnou identifikaci mimorddné a havarijni situace,

dopravnich kongesci a stojicich vozidel;

e zafizeni pro provozni informace (umistuje se pred vjezdem do
tunelové trouby pro poskytnuti textové informace dcastnikum pro-
vozu o pri¢iné mimorddného stavu);

* svételné signdly pro jizdu v jizdnich pruzich;

e trvale svitici prvky pro vyznaceni vodorovného dopravniho znace-
ni mezi jizdnimi pruhy a vyzna¢eni chodniku.

Ndvrh osvétleni zahrnuje ndvrh normélniho, nédhradniho

a nouzového tunikového osvétleni, metodika ndvrhu je stanovena
v TP 98.

Predpoklddand intenzita dopravy vyZzaduje pfi navrhované délce
tunelu instalaci zafizeni pro nucené vétrdni, které zajisti odpovidajici
Cistotu vzduchu a viditelnost pri vlastnim provozu i pozadavky bez-
pecnosti a pozdrni ochrany. Pfirozené podéIné vétrani a podéIné vetra-
ni zpisobené provozem navrhujeme doplnit podélnym systémem vét-
réni pomoci ventildtora v piistropi tunelu.

Kabiny SOS se navrhuji v odstupech 125 az 150 m, tzn., Ze
v piipadé navrhovaného tunelu budou 3x uvnitf tunelu a u obou porta-
14. V piipadé spojeni s hydranty do jednoho vyklenku by pro tento
tunel byly &tyfi, protoZe vzdjemnd vzdalenost hydranti musi byt mens{
— viz déle. V obousmérné provozovanych tunelech se kabiny SOS
umistiji na obou strandch komunikace, vZdy proti sobé s maximalnim
podélnym odstupem 20 m.

Pozérni vodovod se zfizuje u tunell del§ich nez 400 m. Vzddlenost
hydrantt se navrhuje 60-125 m, profil DN 200, vyjime¢né 150 mm,
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Obr. 6 Srdz Vitavy u severniho portdlu
Fig. 6 Steep bank of the Vlitava River at the northern portal

tunnel vault to the footing, the location of a side drain behind the foo-
ting found under this construction joint. The cross section also conta-
ins standard tunnel equipment, such as emergency walkways, a space
for heavy current and weak current cables, cables for emergency ligh-
ting of the tunnel, a fire hydrant main in the shoulder, cable trays and
fans under the ceiling, traffic signs on tunnel walls, central tunnel dra-
inage under the roadway and roadway drainage through slotted drains
with self-extinguishing pieces. Even the possibility for a water main
interconnecting municipal offices to pass through the tunnel was dis-
cussed.

Once the cross section is designed, a period begins during which
the section must be applied to the vertical alignment of the planned
road. The total overburden height and, above all, the rock cover thick-
ness follow from the tunnel height. The rock cover thickness is
a deciding factor when locations of mined tunnel portals is being
selected. In mountainous or hilly conditions of the Czech Republic
we mostly encounter traditional excavation through a rock mass,
which in principle differs from the excavation of tunnels through
soils as we know it from large European cities found in flood plains
of major rivers or by the sea. Using results of an assessment of ele-
vations of individual stratigraphical layers, we carried out, for the
needs of the study, even a preliminary assessment of the lengths of
the tunnel sections according to the excavation support classes, as
usual for the New Austrian Tunnelling Method, so that a cost estima-
tion for the tunnel construction could be prepared. The assumed
length of the traveller shutter for the final lining, which is mostly 12m
long, was also incorporated into the tunnel design draft; in an opti-
mum case, the total tunnel length is a multiple of the length of
a standard casting block.

The northern portal is found on a steep bank of the Vltava River
(see Figures 5 and 6), where the overburden height rapidly increases,
even at different altitudes of the level line, which depend on the vari-
ants of bridging of the VItava River. It follows from this configurati-
on that a short cut-and-cover section will be needed, at a length of one
final lining casting block; further on, safe tunnel excavation can start.
Taking into consideration the longitudinal gradient conditions of the
tunnel, we expect that the tunnel will be driven inclined upwards
from this portal so that contingent fissure water inflows can be eva-
cuated to the lower located portal by a gravity-based system drainage
system.

The southern portal is found in a rather large inundation area of the
Vltava River, where the slope is moderate, covered with deluvial
sediments and, unfortunately, also with relatively recently built fami-
ly houses on the surface (see Fig. 7). Because of the requirement for
the vertical alignment to be connected to the existing intersection in
the location where the overburden is shallow and slowly rises,
a longer cut-and-cover section will be necessary, with the assumed
length of at least 36m, i.e. 3 concrete casting blocks.

SAFETY AND TECHNICAL EQUIPMENT OF THE TUNNEL

Requirements for construction details from the safety aspect are
specified in Table 2 of CSN 73 7507 standard.

As far as technical equipment of a tunnel is concerned, tunnels are
divided, depending on the tunnel length and traffic volume of equi-
valent vehicles, into safety categories. The tunnel being proposed
comes under TA category, i.e. the highest demanding category.

The design for a traffic system of safety category TA tunnels com-
prises, among others, the following elements of equipment:

e collection and assessment of traffic data;

e early identification of incidents, accidents, traffic congestion and

standing vehicles;

e operating information (the facility is installed in front of a tunnel
tube with the aim of providing text information about causes of
an extraordinary state for road users);

e lane control lights;

e permanent lights for lane and walkway marking.

The design for tunnel illumination comprises the normal, stand-by
and emergency lighting systems; the designing methodology is deter-
mined by Technical Specifications TP 98.

The anticipated traffic flow requires, for the tunnel length being
designed, the installation of forced ventilation, which will ensure ade-
quately clean air and visibility during the tunnel operation and mee-
ting of safety and fire protection requirements. We propose that natu-
ral longitudinal ventilation and longitudinal ventilation due to traffic




Obr. 7 Pohled na misto jiZniho portdlu (vpravo) se stdvajici kriZovatkou
Fig. 7 View of the southern portal location (right side) with the existing intersection

pro tunely do délky 1000 m musi byt zajistén pratok min. 2x20 I/s po
dobu 60 minut. Navrhli jsme vést vodovodni potrubi v chodniku na
jedné strané vozovky na stran¢ stoupajiciho jizdniho pdsu.
Nepredpokladali jsme nutnost instalovat hydranty po obou strandch
vozovKy, protoZe pii eventudlnim hasebnim zdsahu jiz bude zastaven
provoz na komunikaci v tunelu. Dal$i hydranty budou umistény pred
obéma portdly. DuleZitou otdzkou je i zpusob ochrany proti zamrzan{
vody v pozdrnim potrubi umisténém v chodniku, béZné pouzivané
systémy jsou cirkulace vody nebo ohfev topnymi kabely. Pro zdsobo-
véni vodou jsme predpoklddali napojeni na méstsky vodovod.

K dal§imu nezbytnému vybaveni tunelu patfi: elektrickd pozdrni
signalizace (hldsi¢e poZaru, detekce koure), elektrickd zabezpecovaci
signalizace, Fidici systém dopravy, fidici systém technologie, uzavieny
televizni okruh (videodohled), méfeni vysky vozidel, dopravni znace-
ni, bezpe&nostni znadeni, radiové spojeni, evakuacni rozhlas, méfeni
dopravnich dat, uzemnovaci soustava a ochrana proti bludnym prou-
dum, ndhradni zdroj energie, méfeni CO, opacity a rychlosti sméru
vetru.

Se vSemi témito pozadavky je tfeba sezndmit investora a najit vazby
na soucasnou infrastrukturu mésta, predevsim fizeni dopravniho pro-
vozu, hasi¢skou zachrannou sluzbu a policii.

VNEJSI VAZBY TUNELU NA KOMUNIKACE

Pfi ndvrhu tunelu se podafilo projednat mirny posun trasy, tak aby
domy byly jgmou hloubeného useku dotéeny minimdlné.

Névrhové parametry odboleni kfizovatky silnic 1I/157 a II/160
u jizniho portélu, u nemocnice a autobusového nddrazi, vyvolaly dis-
kusi o umisténi pfipojného pruhu komunikace do tunelového tdseku.
Ve zvl4sté stisnénych pomérech je toto feSeni mozné technicky pro-
vést, vyslednd varianta ndvrhu kfiZovatky vSak na$testi s timto feSenim
nepocita.

Jind situace je u severniho portélu, strmy svah nad fekou, dhel
k vrstevnicim pfi zaraZen{ tunelu skoro 90°, coZ tvofi dobré podminky
pro zahdjeni razby, ale vzdélenost portdlu tunelu od biehu Vltavy je
zde jen necelych 60 m. V tomto misté je poZadovédno napojeni budou-
ciho centra ,,Ambit“, zachovéani pfistupové komunikace do Cisticky
odpadnich vod i do sportovniho a ubytovaciho komplexu ,,Eurogolf*
pred mostem pres Vltavu a pfistup spravce toku podél brehu. To sebou
nese velmi slozité feSeni kriZzovatek tésn¢ pred portdlem, které bylo
zpracovéano v nékolika variantéch:

Mimouroviiové deltovité kiizen{ s pobfezni komunikaci provedené
s napojovacimi rampami pfimo z mostu (s ,,u§ima‘) — feSeni doporu-
¢ené projektem — viz obr. 8.

Svételnd kriZzovatka s pobfezni komunikaci pfimo pred ustim tune-
lu, toto feSenf je béZné napr. u prazskych tunelt navazujicich kolmo na
hlavni komunikaci — viz jizni portdl letenského tunelu, portdl tunelu
Mréazovka u vyjezdu do Radlické ulice nebo portal té$novského tune-
lu. Toto feSeni bylo zamitnuto z toho divodu, Ze hlavni smér provozu
na preloZce probihd z mostu do tunelu a levd odboceni by vyZzadovala
pouziti odbo¢nych pruht. Pii vyhledové intenzité dopravy by se mohly
v tunelu pred svétly tvorit kolony, které by zvySovaly ndroky na vétra-
ni tunelu.

Jako nevhodnd byla shleddna varianta s kruhovym objezdem pred
Gistim tunelu u severniho portélu, to potvrdilo i vyjadfeni Policie CR,
ve studii byla provéfovéna jako feSeni uvedené v tizemnim planu.
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be supplemented by a system of longitudinal ventilation by means of
fans under the tunnel roof.

SOS cabins are designed at intervals of 125 to 150m, which means
for the tunnel being designed that there will be 3 cabins inside the
tunnel plus 1 cabin at each portal. In the case of combining the cabins
with hydrants, this tunnel would require 4 pieces because the spacing
of hydrants must be tighter (see the text below). SOS cabins in tun-
nels carrying bidirectional traffic are located on both sides of the
roadway, directly opposite each other, with a maximum longitudinal
offset of 20m.

A hydrant line is installed in tunnels longer than 400m. Hydrants
are designed at intervals of 60-125m, with the diameter DN 200mm,
exceptionally 150mm; the minimum flow rate of 2x20 L/s must be
ensured for 60 minutes in tunnels up to 1000m long. We proposed
that the water pipe be installed under one walkway, on one side of the
roadway (on the ascending traffic lane side). We did not assume the
necessity for installing hydrants on both sides of the roadway becau-
se traffic on the road in tunnel will be stopped during a contingent fire
fighting intervention. Other hydrants will be located in front of both
portals. A significant issue is also the method of protection against
freezing of water in the hydrant line which is embedded in a walkway.
Water circulation or trace heating systems are usually used. Water
supply is assumed to be through a connection to a municipal water
main.

Other necessary tunnel equipment comprises: a fire alarm and
detection system (fire detection, smoke detection), an electrical secu-
rity signalling system, traffic control system, equipment control sys-
tem, CCTV system (video surveillance), vehicle ride height measure-
ment, road signalling, safety signs, radio communication, evacuation
broadcasting, traffic data measurement, earthing system and protecti-
on against stray currents, emergency power supply, measurement of
CO, opacity and velocity and direction of wind.

All of the above-mentioned requirements must be communicated to
the client and possible relationships with the existing infrastructure of
the town must be established, above all with the traffic management
centre, the Fire rescue service and the Police.

EXTERNAL CONNECTIONS OF THE TUNNEL TO ROADS

Slight shifting of the tunnel route was approved during the desig-
ning work, so that buildings are affected by the open trench for the
cut-and-cover section as little as possible.

Design parameters of the branching off from the intersection bet-
ween the 1I/157 and II/160 roads at the southern portal, which is
found near a hospital and bus station, aroused a discussions about the
location of the slip lane from the road to the tunnelled section. This
solution is viable in an extremely constrained space. Fortunately, the
resulting variant of the intersection design does not contain this solu-
tion.

The situation at the northern portal is different: a steep slope above
the river, the angle at which the tunnel strikes the slope being nearly
90 degrees. These conditions are suitable for the initial phase of tun-
nel excavation. However, the tunnel portal distance from the Vltava
River bank is less than a mere 60m. There are requirements for this
location comprising a connection of future “Ambit” centre, preser-
ving an access road to the sewage treatment plant and “Eurogolf”
sports and accommodation complex before the bridge over the Vltava
River and allowing access along the bank for the river authority. In
consequence, a very complicated design for intersections before the
tunnel portal is necessary. Several design variants have been prepa-
red:

A grade-separated delta-type crossing with the road running along
the bank; slip ramps leading directly from the bridge (with “ears™) —
this solution is recommended by the design draft — see Fig. 8.

A signalised intersection with the river bank road directly before
the tunnel mouth; this solution is has been commonly used for Prague
tunnels connecting perpendicularly to the main road — see the sout-
hern portal of the Letnd tunnel, the portal of the Mrdzovka tunnel at
the exit to Radlickd Street or the portal of the Tésnov tunnel. This
solution was rejected with respect to the fact that the main direction
of traffic on the diversion is from the bridge to the tunnel and turning
left would require the application of turning lanes. When the predic-
ted traffic volume is reached, columns of vehicles could develop
before the lights, in the tunnel, which would mean increased demands
on the tunnel ventilation system.
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Architektonické a technické feSeni mostu pres Vltavu bylo samo-
statnou ¢4sti této studie.

Smérnice Evropského parlamentu a rady 2004/54/ES o minimdlnich
bezpelnostnich pozadavcich na tunely transevropské silniéni sité shr-
nuje opatfeni, kterd je tfeba prijmout ke zlepSeni bezpecnosti tuneld.
I kdyZ je pro Clenské staty zavazna jen v rozsahu transevropskeé silnic-
ni sité, nékteré jeji pozadavky lze jako doporuceni aplikovat i u tuneld
mimo tuto sit. V dvodu smérnice se pravi: Tunely delsi nez 500 m jsou
vyznamnymi stavbami, které usnadnuji spojeni rozlehlych oblasti
Evropy a hraji rozhodujici ilohu ve fungovdni a rozvoji regiondlnich
ekonomik. Déle v &l. 3.1: Clenské stdty zajisti, aby tunely na jejich
tizemi spadajict do oblasti piisobnosti této smérnice vyhovovaly mini-
mdlnim bezpecnostnim poZadavkim stanovenym v priloze 1.

S vyjimkou nouzového pruhu je stejny pocet jizdnich pruhu zacho-
vdn uvniti- tunelu a mimo tunel. Kazdd zména v poctu pruhii md nastat
v dostatecné vzddlenosti pred portdlem tunelu; tato vzddlenost je pri-
nejmensim vzddlenosti, kterou vozidlo neprekracujici povolenou rych-
lost ujede za 10 sekund. JestliZe to geografické prostredi nedovoluje,
prijmou se dodatend nebo zvySend opatreni ke zlepSeni bezpecnosti.
(Pfiloha &. 1, &l. 2.1.3). Toto znéni bylo pfijato i do CSN 73 7507, &l
7.1.5. Z této podminky plyne, Ze k dpravé pruht by mélo dojit nejbli-
Ze 140 m od portdlu tunelu.

Délka rozhledu pro zastaveni dle CSN 73 6110 je pro danou névr-
hovou rychlost (50 km/h) a podélny sklon tunelu (2-3 %) navrZena
35 m - z toho plyne, Ze umisténi kfiZovatky piimo u portdlu tunelu je
zcela nevhodné.

Tyto zdsady do zna¢né miry predurcuji dopravni feSeni kiizovatek
pred obéma portdly, i kdyZ se vlastni vystavby tunelu pfimo netykaji.
Geografické podminky, tj. omezené prostorové moznosti méstského
tunelu v zastavéném dzemi, i zvdzeni ndkladi na vystavbu a provoz,
urCuji situacni reSeni trasy a vyvozuji potfebu uplatnéni zvySenych
bezpecnostnich opatfeni, tj. napt. nouzové chodniky, nouzové pruhy,
Stérbinové Zlaby se samozhdSecimi kusy, nucené vétrani, bezpeCnost-
ni vybaveni vletné dopravniho znaleni, fizeni dopravy, vycviku slo-
Zek integrovaného zachranného systému atd.

Obr. 8 Prehlednd situace
Fig. 8 General plan view

A variant containing a roundabout in front of the northern portal
was found unsuitable. This opinion was confirmed by the Police of
the CR. This variant was examined as a solution contained in the
land-use plan.

The architectural and engineering design for the bridge over the
Vltava River was a separate part of this study.

The Directive of the European Parliament and of the Council
2004/54/ES on minimum safety requirements for tunnels in the
Trans — European road network summarises the measures which
should be adopted to improve safety in tunnels. Even though it is
binding for member nations only as far as the trans-European road
network is concerbned, some of its requirements can be applied as
recommendation even to tunnels outside this network. The intro-
duction of the Directive states: Long tunnels of over 500m in length
are important structures which facilitate communication between
large areas of Europe and play a decisive role in the functioning and
development of regional economies. Further, in clause 3.1: Member
states shall ensure that tunnels in their territory, falling within the
scope of this Directive meet the minimum safety requirements laid
down in Annex I.

With the exception of the emergency lane, the same number of lanes
shall be maintained inside and outside the tunnel. Any change in the
number of lanes shall occur at a sufficient distance in front of the tun-
nel portal+ this distance shall be at least the distance covered in 10
seconds by a vehicle travelling at the speed limit. When geographic
circumstances prevent this, additional and/or reinforced measures
shall be taken to enhance safety. (Annex No. I, paragraph 2.1.3). This
wording was even accepted for CSN 73 7507, paragraph 7.1.5. It fol-
lows from this condition that changes in the configuration of traffic
lanes should not be made closer to a tunnel portal than 140m.

Stopping sight distance from tunnel entry according to require-
ments of CSN 73 6110 is designed for the given design speed
(50km/h) and longitudinal gradient of the tunnel (2-3%) to be 35m.
From whence it follows that the intersection location directly at the
tunnel portal is absolutely unsuitable.

The above-mentioned principles significantly predetermine the
traffic management scheme for the intersections in front of both por-
tals, even though they do not directly relate to the tunnel constructi-
on itself. The geographical conditions, i.e. the constrained space ava-
ilable for an urban tunnel within a developed area, and the considera-
tion of the costs of the construction and operation, determine the
route layout and induce a need for implementing enhanced safety
measures, e.g. emergency walkways, emergency lanes, slotted drains
with self-extinguishing pieces, forced ventilation, safety equipment
inclusive of road signalling, a traffic control system, training of com-
ponents of the Integrated Rescue System etc.

CONCLUSION

The purpose of this study was to stabilise the route of the diversi-
on road and assess it in terms of the location within the area of ope-
rations so that it meets future requirements and demands of traffic,
both transit and regional, in terms of its viability when acceptable
technical parameters are applied, to assess it in terms of environmen-
tal impacts and effectiveness of the construction costs to be incurred.
The completed study will be used for the next designing stage, dis-
cussing the concept with respective authorities and the public. The
study provides information about financial demands of the project
and defines relationships with affected development areas contained
in the land-use plan. This will allow the client to start negotiations
with owners of the affected locations and land and solve relationships
with the existing and planned development. Another significant con-
dition was designing such a solution where safety requirements for
the tunnel operation would meet the ever stricter generally binding
standards in the long-term horizon.

There is even another impact of the construction and operation of
the tunnel on the surroundings and existing infrastructure in the given
location: the location for the construction facilities and the way of
handling the muck. With respect to the expected volume of about 50
thousand m3 of muck, we recommend that an analysis of properties
of the muck be carried out and its use for construction purposes be
designed. Another possible way of using the muck is, for instance,
reclamation of old quarries. Failing that, it will be necessary to find
an acceptable location for disposing it. Further on, it is necessary for
the tunnel operation to consider the necessity for constructing
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ZAVER

Utelem studie bylo stabilizovat trasu prelozky a jeji posouzeni
z hlediska umistnéni do zdjmového tzemi, aby odpovidala vyhledovym
poZadavkium a ndrokim dopravy jak tranzitni, tak regiondlni, realizo-
vatelnosti s pfijatelnymi technickymi parametry, posouzeni z hlediska
Zivotniho prostfedi a efektivnosti vynaloZenych finan¢nich prostiedku
na realizaci stavby. Zpracovand studie bude vyuzita pro dal§i stupen
projektové pripravy, projednédni zdméru s dotéenymi orgdny verejné
spravy i s vefejnosti. Studie poddvd informaci o finanéni néro¢nosti
projektu a urcuje vazby na dotcené rozvojové lokality podle tizemniho
planu. To umoZni investorovi zahdjit jedndni s vlastniky dotéenych
lokalit a pozemku a vyfesit ndvaznost na okoln{ stdvajici i planovanou
zdstavbu. DuleZitou podminkou bylo také navrhnout takové feseni, kde
bezpecnostni pozadavky na provoz tunelu vyhovi v dlouhodobém hori-
zontu stéle prisnéj$im obecné zdvaznym predpisim a normam.

Vystavba a provoz tunelu maji vSak jesté dal$i dopad na okoli
i stdvajici infrastrukturu dotéené lokality. Pri vystavbé je to umistén{
zafizeni staveni§té a zpusob nakldddni s vytéZenou rubaninou.
Vzhledem k predpoklddanému objemu cca 50 tis. m3 vytéZené rubani-
ny doporucujeme provést rozbor vlastnosti téZeného kameniva a navrh
jeho vyuZiti pro stavebni tcely. DalSfm moZnym vyuZitim rubaniny je
napf. rekultivace starych lomu. V opa¢ném piipad€ je tfeba najit vhod-
né umisténi pro jeho sklddku. Pro provoz tunelu je pak tfeba zvazit
nutnost vystavby provozné-technologického objektu (PTO) u portélu
tunelu, zfizeni néstupnich ploch pro jednotky integrovaného zdchran-
ného systému a napojeni na fidici centrum dopravy.

Vystavba tunelu je z hlediska investi¢nich ndkladu rozhodujic{ sou-
Casti planované prelozky silnice I1/157, a proto by feSeni navazujicich
komunikaci, jejich kfiZeni i mostu pres Vitavu mélo byt podfizeno
bezpe¢nostnim rizikam i poZadavkam na vystavbu a provoz tunelu.

Provedend ekonomickd analyza ukazuje, Ze pfi odhadovanych sta-
vebnich ndkladech 570 mil. K¢ vychdzi prOJektova varianta ve srov-
néni s nulovou nadstandardné ekonomicky priznivé. Cistd souasnd
hodnota (NPV) je vétsi nez 0 (1080,74 mil. K¢&), ekonomickd ndvrat-
nost (EiRR) je vyssi nez diskontni sazba 6 % (20,3 %) a pomér piino-
su k ndkladim (BCR) je vét3i nez 1 (3,22). Nejvétsim piinosem jsou
Casové uspory, které plynou ze sniZeni kongesci (dopravm’ch zécp)

Vsechny prvky ndvrhu tunelu ve studii, jako je tvar pti¢ného fezu,
smérové a vySkové vedeni, umisténi portdli, rozsah hloubenych
a raZenych Cdsti, byvaji vétSinou jiz pevné zafixovany do dalSich stup-
i projektové dokumentace. Proto je tieba jejich ndvrhu vénovat vel-
kou pozornost, pfestoze na tuto fazi projektu nenf pfili§ finan¢nich pro-
stredku, a tudiz ani dostatek Casu na podrobne zpracovani. Vystavba
tunelu v Ceském Krumlové vyrazne prlspeje ke zlepSeni dopravni situ-
ace a zkvalitnéni Zivota ve mésté, a to i pres technické problémy spoje-
né s vystavbou ve stisnéném prostiedi historického mésta.

Dopravni dostupnost limituje rozvoj jednoho z nejkrasnéjsich mést
na sveéte a tuto situaci je tfeba urychlené zlepsit. ReSeni predlozené ve
studii je jednoduché, bude pusobit okamzité a bude spliiovat zvySujici
se dopravni ndroky i v budoucnosti. Ted zbyvd jiz jen odvaha uginit
prvni krok, prekonat zaZzité postupy a dal prosazovat zamér, ktery
mésto nasméruje k Zivotu v moderni Evropé Tato stavba mimo tra-
di¢ni oblasti realizace velkych projektd je dobrym pfislibem i pro
vystavbu dalsich tuneld v Cechéch.
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Obr. 9 Vizualizace portdlu
Fig. 9 Visualisation of a portal

a service facility at the tunnel portal, establishing assembly areas for
the Integrated Rescue System units and connecting the tunnel to
a traffic management centre.

The tunnel construction is deciding part of the planned diversion of
the II/157 road in terms of capital expenditures. The solution to con-
necting roads, their crossings and the bridge over the Vltava River
should, therefore, be subordinated to the safety risks and require-
ments for the tunnel construction and operation.

The economic analysis which has been completed shows that, at
the estimated construction cost of CZK 570 million, the design vari-
ant is significantly economically favourable compared to the zero
variant. The Net Present Value (NPV) is higher than O (1080.74 mil-
lion CZK), the Economic Internal Rate of Return (EiRR) is higher
than the discount rate of 6% (20.3%) and the Benefit Cost Ratio
(BCR) is higher than 1 (3.22). The greatest benefit is represented by
savings in time, which follow from reduced traffic congestions.

All elements of the tunnel design contained in the study, such as the
geometry of the cross section, the horizontal and vertical alignment,
locations of portals or the extent of cut-and-cover and mined sections
are usually firmly fixed for the subsequent design stages. It is there-
fore necessary to place great attention on designing them, despite the
fact that the funds available to this designing stage are scarce, there-
fore even the time for detailed work is insufficient. The construction
of the tunnel in Cesky Krumlov will significantly contribute to
improving the traffic situation and increasing quality of life in the
town, despite technical problems associated with the work in the con-
strained environment of a historic town.

Transport accessibility has been limiting the development of one of
the most beautiful towns in the world. This situation must be prompt-
ly solved. The solution presented in the study is simple, its effect will
be immediate and will meet increasing traffic demands in the future.
Now, only the courage to make the first step, abandon rooted proce-
dures and further press the concept which will direct the town toward
the life in modern Europe remains to be gathered. This project is,
apart from traditional implementation of large projects, a good pro-
mise even for construction of other tunnels in the Czech Republic.
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