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TUNEL PRAHA - BEROUN A ZAKLADNI PARAMETRY
OBDOBNYCH TUNELU

THE PRAGUE - BEROUN TUNNEL AND BASIC PARAMETERS
OF SIMILAR TUNNELS

MATOUS HILAR, MARTIN SRB

1. OvOD

V soucasné dobé probihd priprava vystavby vysokorychlostniho
Zelezni¢niho tunelu Praha — Beroun, ktery bude mit délku 24,7 km.
Tento tunelovy projekt nema v Ceské republice obdoby. V rimci
dopravnich tunelt v Ceské republice se jedné o nejdel3i a nejnakladngjii
tunel, s nejvys$$im nadlozim a s nejvyssi ndvrhovou rychlosti. Na vétsi-
né tunelu je predpokldddna u nds dosud nepouZitd razba modernimi
plnoprofilovymi tunelovacimi stroji (TBM). Objem vytéZené rubaniny
bude piiblizné 6,5 mil. m?, zpisob nakldddni s rubaninou bude nutné
vhodné vyresit predevsim z logistického a ekologického hlediska. Déle
je ofekdvand moZnost vyskytu krasovych jeva na &ésti trasy raZené kon-
venénim zptisobem (NRTM). Jedine&nost projektu v rdmci CR je diivo-
dem pro zohlednéni a vyuziti zahrani¢nich zkuSenosti pfi piipravé této
stavby. Zakladn{ informace o pfipravovaném projektu a o obdobnych
stavbdch v zahrani¢i prindsi ndsledujici ¢lanek.

Investorem a zadavatelem projektu je SZDC s. o. (Stavebni spriva
Plzen), hlavnim projektantem stavby je SUDOP Praha a. s., projektantem
tunelt raZenych pomoci TBM je Metroprojekt Praha a. s. Technickym
poradcem investora pro podzemni stavby je D2 Consult Prague s. r. o.,
geotechnickym konzultantem investora je SG-Geotechnika a. s.

2. VYVOJ PRIPRAVY TUNELU PRAHA - BEROUN

V rdmci pfipravy optimalizace trati 3. tranzitniho Zelezni¢niho kori-
doru byla v roce 2002 zpracovéna tizemné technickd studie pro dsek
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1. INTRODUCTION

The construction of the 24.7km long Prague — Beroun high-speed
railway tunnel is currently in the planning stage. This tunnelling project
has no equivalent in the Czech Republic. Within the framework of tran-
sit tunnels in the Czech Republic, this is the longest and the most expen-
sive tunnel, with the highest overburden and the highest design speed.
The excavation method using modern tunnel boring machines, which
has never been used in the Czech Republic, is expected to be applied to
the major portion of the excavation. The volume of muck will reach
approximately 6.5 million m?; the problem of muck handling will have
to be appropriately dealt with, above all from the logistic and environ-
mental points of view. In addition, the possibility of the occurrence of
karst phenomena is expected within the section of the route which is to
be driven traditionally, by the NATM. The uniqueness of this project
within the framework of the Czech Republic is the reason why foreign
experience should be taken into account and used in the project planning
stage. This paper provides basic information about the project prepara-
tion and about similar projects existing abroad.

The project owner and client for the designer is Railway Infrastructure
Administration, state organisation (Civil Engineering Administration
Plzen), the principal designer of the project is SUDOP Praha a.s., the
designer for the TBM driven tunnels is Metroprojekt Praha a.s.; D2
Consult Prague s.r.0. is client’s engineering consultant for underground
structures; client’s geotechnical consultant is SG Geotechnika a.s.
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Variant 3

\f Varianta 4
e Variant 4

Stavajici trat’
Existing track route

Obr. 1 ZvaZované varianty trasy, zvolena byla Varianta 1 (Krdsa a spol. 2007)
Fig. 1 Route variants under consideration; winning Variant 1 (Krdsa et al. 2007)
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Obr. 2 Gottharsky bdzovy tunel — uspordddani (www.alptransit.ch)
Fig. 2 The Gotthard base tunnel configuration (www.alptransit.ch)

Praha Smichov — Plzen hl. n. V této dokumentaci byla navrZena podle
zaddn{ optimalizace trati ve stavajici stop¢ s mistnim zlepSenim sméro-
vych poméru. Nésledné bylo zahdjeno zpracovani dokumentaci pro
tizemni fizeni. Béhem zpracovani se potvrdilo, Ze provozovand Zelez-
ni¢ni trat' mezi Prahou a Berounem sledujici tok Berounky neumoZnuje
zdsadni zvySeni rychlosti dopravy, nebot’ se bezprostiedné dotykd
tizemi CHKO Cesky kras, coZ nedovoluje realizovat vyznamnéjii
zmény smérového vedeni. Proto bylo rozhodnuto o provéfeni nového
vysokorychlostniho Zelezni¢niho spojeni Praha — Beroun pomoci dlou-
hych tuneld.

Bylo zpracovano nékolik variant nového spojeni vedenych z&dsti
tunely a z&asti po povrchu. Provéfeni téchto variant dospélo k zdveru
0 jejich neredlnosti vzhledem k zastavénosti tizem{ zdpadné od Prahy.
Proto byla hleddna dal3i feSen{ s vyuZitim velmi dlouhych tuneli pro
vetSinu trasy. V roce 2005 byla zpracovéna tzemné technickd studie,
kterd predpoklddala vedeni nové Zelezni¢ni trati z Hluboep v Praze
tunelem Barrandov délky 19 km do tddolf fi¢ky Lodénice u obce Svaty
Jan pod Skalou. Udoli méla nové trasa prejit 700 m dlouhou mostn{
estakddou, za niZ by ndsledoval tunel Svaty Jan o délce 4 km
s vydsténim v ddoli Berounky. Na jare roku 2006 byla zpracovéna
doprovodna studie, kterd tizemné technickou studii rozpracovala a ddle
feSila varianty vyudsténi tunelu v Praze (HluboCepy a Mald Chuchle)
a zpusob prekondni ficky Lodénice ve Svatém Janu pod Skalou (pre-
mosténi ¢i podchod). Na jate roku 2006 byla rovnéZ zpracovdna rozsi-
fend geologickad reSerSe, kterd shrnovala veskeré poznatky o geologické
stavbé zajmového tzemi. Na reSer$i navazala dvodni rizikovd analyza,
ve které byla vyhodnocena rizika vystavby a provozu.

Z moznych variant trasy byla vybrana jako vysledna varianta 24,7 km
dlouhého tunelu, ktery se severnim obloukem ¢dste¢né vyhyba krasové
oblasti mezi Prahou a Berounem (obr. 1). Vyslednd trat' od Zelezni¢n{
stanice (ZST) Praha-Smichov vchazi do tunelu v km 3,00 (portil
HluboCepy) a vychdzi v km 27,76 (portdl Beroun), nisledné novym
mostem prekraduje feku Berounku a pokraduje do ZST Beroun v km
28,50. Nova trat’ zahrnuje i odbocku ze sméru Praha-VrSovice, kterd
zalind na ZST Praha-Kr¢, vyuZiva &ast stavajici traté Praha-Vidovice —
Praha-Radotin a za Branickym mostem se tunelem napojuje se na hlavn{

2. THE PRAGUE - BEROUN TUNNEL PLANNING PROCESS

The planning study for the Prague Smichov — Plzen Main Station secti-
on was carried out in 2002, within the framework of the planning for the
optimisation of the lines of the 3rd rail transit corridor. This document pro-
posed, in compliance with the specification, that the optimised line follow
the existing route, with local improvements to the parameters of the hori-
zontal alignment. The work on the design for the land allocation process
started subsequently. It was confirmed during the work that the operating
rail line between Prague and Beroun, which follows the course of the
Berounka River, did not allow any principal increase in the traffic speed
because the existing line is in direct contact with the nature reserve of
Bohemian Karst, which meant that no substantial modifications of the
horizontal alignment were possible. This is why the decision was made that
a new system of the high-speed railway connection between Prague and
Plzen running through long tunnels had to be examined.

Several variants of the new connection line, which comprised both
underground and surface sections, were submitted. The assessment of the
variants resulted in a conclusion that they were unrealistic, with respect to
the fact that the area south of Prague is built up. For that reason, other solu-
tions were sought, with exceptionally long tunnels covering the major part
of the route. The planning study which was carried out in 2005 assumed
that the new rail line would lead through the 19km long Barrandov tunnel,
beginning at HluboCepy in Prague and ending in the valley of the Lodénice
River, near the village of Svaty Jan Pod Skalou. The new line was to cross
the valley on a 700m long viaduct, which would be followed by the 4km
long Svaty Jan tunnel, ending in the valley of the Berounka River. In the
spring of 2006, an attending study was issued, which elaborated the plan-
ning study and further solved variants of the tunnel mouth in Prague (at
Hlubocepy and Mald Chuchle) and the technique of the crossing of the
Lodénice River at Svaty Jan Pod Skalou (either a bridge or an underpass).
An extended geological information search, which gathered all knowledge
about the geological structure of the area of operations, was also carried out
in the spring of 2006. The information search was followed by an initial
risk analysis, which provided the evaluation of construction and operating

risks.
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Obr. 3 Bdzovy tunel na trati Lyon-Turin (www.ltf-sas.com)
Fig. 3 The base tunnel on the Lyon — Turin rail line (www.ltf-sas.com)

tunel traté¢ Praha-Smichov — Beroun. Odbocka na Kr¢ bude slouZit pro
zv1a§tn{ ndkladni dopravu, osobni vlaky budou jezdit na ZST Praha -
Smichov. BéZnd nakladni doprava bude vedena po stdvajici trati podél
Berounky.

PredbéZny geotechnicky pruzkum zvolené trasy byl dokoncen
v kvétnu 2007. Pripravnd dokumentace (dokumentace pro tzemni roz-
hodnuti) nového Zelezni¢niho spojeni Praha — Beroun byla odevzddna
v ¢ervnu 2007 a do konce roku 2007 byly do dokumentace zapracova-
ny pripominky. Nynf probihd schvalovaci proces pro ziskdni tizemniho
rozhodnuti, proces posuzovani vlivu stavby na Zivotni prostiedi (EIA),
priprava realizace pruzkumnych dél, priprava dalii fize geotechnického
pruzkumu a vybérové fizeni pro vypracovani dalsiho stupné rizikové
analyzy. Zahdjeni praci na projektu stavby je predpokldddno béhem
leto$niho roku. Zahdjeni vystavby projektu je pfedpokldddno v roce
2011, projekt by mél byt dokoncen v roce 2016.

3. PARAMETRY TUNELU PRAHA - BEROUN

Névrhové rychlost tunelu by méla byt 270 km/h. Zpracovand pri-
pravnd dokumentace uvaZuje realizaci dvou jednokolejnych tunelt
s kruhovym profilem o vnitinim pruméru 8,3 m. Protismémné tunely
budou spojeny propojkami s rozestupy 400 m. Tunely budou obsahovat
dva rozplety v oblasti Prahy (odbocka na Kr¢) a dva rozplety v oblasti
Berouna (pro moznost realizace odboceni v budoucnu). Odboceni jsou
feSena mimovroviiové, protismérad jizda vlaka v jednom tunelu je
vyloucena.

Geologickd stavba v trase tunelu je pomérné pestra. Razba tunelu
bude probihat v hornindch devonu (deskovité a lavicovité vdpence,
masivni dolomity s vloZzkami vapnitych a jilovitych bridlic), siluru (des-
kovité a lavicovité vapence, masivni dolomity s vloZkami védpnitych,
jilovitych a tufitickych bridlic, diabasy, mandlovce a basalty)
a v centralni &asti v km 11,0 — 17,5 v hornindch ordoviku (jilovité brid-
lice s vyskytem bloku tufitickych a vapnitych bfidlic siluru). Nadloz{
tunelu bude dosahovat az 160 m. Na zdkladé dosud ziskanych informa-
ci o horninovém prostredi je predpokldddn mozny vyskyt krasovych
jevu na usecich v celkové délce priblizné 3 km. V tsecich s moZznym
vyskytem krasovych jevi je predpokldddna konvenc¢ni razba (NRTM).
Diéle jsou ocekdvdna smérnd poruchovéd pdasma v jilovitych bridlicich
ordoviku a pomérné hustd pri¢nd tektonika v dsecich o celkové délce
okolo 10 km. Oc¢ekdvand hladina podzemni vody (HPV) je nad tunely,
izolace veSkerych podzemnich staveb je navrZena jako celoplo$nd.

Razba tunelt bude probihat pomoci nékolika TBM, &4st tunelt bude
raZena pomoci NRTM (tunely v oblasti prazskych portdla, propojky,
rozplety, Sachty, atd.). Obousmérné razby pomoci TBM jsou predpokld-
dédny ze staveni$té u obce Tachlovice priblizné uprostfed tunelu, kde
bude zfizen pristupovy tunel, Sachta a montdzni komory pro TBM.
Projekt bude umoZnovat i razbu smérem od Berouna. Vzhledem
k nedostatku prostoru v oblasti prazskych portéla je realizace NRTM
raZeb mezi rozplety a prazskymi portdly predpoklddéna z pristupového
tunelu Chuchle. Pristupové Stoly Tachlovice a Chuchle budou vyuZity
pro geotechnicky prizkum.

Of the possible route variants, the winning variant was the 24.7km long
tunnel which partially bypasses the karst area between Prague and Beroun
by means of a north-running curve (see Fig. 1). The resultant route, star-
ting at Prague Smichov railway station, enters the tunnel at km 3.00 (the
Hlubocepy portals) and exits at km 27.76 (the Beroun portal), to cross the
Berounka River on a new bridge, and continues to Beroun station, at km
28.50. The new line even comprises a branch joining it from the Prague
Vrsovice direction. The branch track starts at Prague Kr¢ station, uses
a part of the existing track between Prague VrSovice and Prague Radotin,
and joins the main tunnel on the Prague Smichov — Beroun line behind the
Branik bridge. The branch for Kr¢ will be used for special freight trains,
whereas passenger trains will run to Prague Smichov station. Common fre-
ight trains will use the existing rail line, along the Berounka River.

The preliminary geotechnical survey for the selected route was finished
in May 2007.

The design documentation for issuance of zoning and planning decision
for the new railway connection between Prague and Beroun was submit-
ted in June 2007; responses to the comments were incorporated into the
documentation before the end of 2007. The proceedings before the issuan-
ce of the zoning and planning approval are currently in progress, as well as
the work on the Environmental Impact Assessment (EIA), preparation of
the work on exploratory galleries, preparation of another phase of the geo-
technical survey and tender proceedings for the next stage of the risk ana-
lysis. The construction work is expected to commence in 2011; the works
should be completed in 2016.

3. PARAMETERS OF THE PRAGUE — BEROUN TUNNEL

The design speed in the tunnel should be 270kph. The design documen-
tation for issuance of zoning and planning decision proposes the construc-
tion of a pair of single-track tunnels, with an 8.3m i.d. circular cross secti-
on. The tunnel tubes will be interconnected by cross passages every 400m.
The tunnels will contain two bifurcation chambers in the Prague area (the
branching off for Kr¢) and two bifurcation chambers in the Beroun area (to

Obr. 4 Eurotunel — uspordddni (www.engineering.com)
Fig. 4 The Eurotunel configuration (www.engineering.com)
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4. OBDOBNE SVETOVE ZELEZNICNI TUNELY

Pfipravovany tunel Praha — Beroun je v CR jedine¢ny predeviim diky
své neobvyklé délce. NejdelSim realizovanym c¢eskym dopravnim tune-
lem je ddlni¢ni tunel Panenskd na ddlnici D8 o délce 2,1 km, nejdelSim
Ceskym Zelezni¢nim tunelem je v soucasné dobé jednokolejny tunel
Brezno délky 1,8 km.

V tab.1 jsou uvedeny nejdel$i moderni svétové Zelezni¢ni tunely,
star§{ tunely uvedeny nejsou (napf. priblizné 20 km dlouhé
Simplonské tunely z pocdtku 20. stoleti). Z uvedenych tabulek je patr-
né, Ze pripravovany tunel Praha — Beroun patii mezi nejdels{ svétové
Zelezniéni tunely, v celosvétovém méfitku neexistuje mnoho delsich
tuneld. Doposud je v provozu pouze 5 tuneld delSich neZ 25 km
(Seikan, Eurotunel a Iwate—Ichinohe, Lotschberg, Guadarrama). Do
roku 2010 by mély byt dokonceny dalsi dva tunely s délkou dosahuji-
ci 25 km (Hakkoda a Pajares), do roku 2016 dalsi tfi (Gotthard,
Koralm a Iyama).

5. KONCEPCE USPORADANI OBDOBNYCH TUNELU

V minulosti byly Zelezni¢ni tunely na dvoukolejnych tratich vétsi-
nou navrhovény jako dvoukolejné, dva jednokolejné tunely byly pou-
zivany predevS§im v nepfiznivych geologickych podminkdch, kde

Tab. 1 Nejdelsi moderni Zeleznicni tunely

Tuel

make the branching off possible in the future). The branching off will be
solved using a grade-separated configuration; trains are not allowed to run
against the traffic in one tunnel.

The geology along the tunnel alignment is quite chequered. The tunnel
excavation will pass through Devonian rocks (tabular and bedded limesto-
ne, massive dolomites with calcareous and clayey shale interbeds), Silurian
rocks (tabular and bedded limestone, massive dolomites with calcareous,
clayey and tuffitic shale interbeds, diabase, amygdaloidal rock and basalt)
and, in the central part at km 11.0 - 17.5, in Ordovician rocks (clayey sha-
les and occurrences of blocks of Silurian tuffitic and calcareous shales).
The tunnel cover will be up to 160m thick. As we know on the basis of the
information which has been gathered till now, the possibility of the occur-
rence of karst phenomena within stretches at the total length of about 3km
is expected. Conventional (NATM) excavation is expected to take place in
the sections where the karst phenomena can be encountered. In addition,
longitudinal weakness zones in the Ordovician clayey shales and relative-
ly dense transverse faults are predicted for sections at the total length of
about 10km. The water table is expected to be above the tunnel; therefore
a closed waterproofing lining is designed for all underground structures.

The tunnels will be driven by several TBMs; the NATM will be used for
some portions of the tunnels (the tunnels in Prague portal areas, cross pas-
sages, bifurcation chambers, shafts etc.). The bi-directional TBM drives
are assumed to start from the site facility near the village of Tachlovice,
roughly at the midpoint of the tunnel, where an access tunnel, shaft and

Usporadani Bezpecnostni opatreni

Pfiprava, prizkum

Piiprava, prizkum

Piiprava, pruzkum

Tunel Umisténi Délka (km) Zahajeni Stav
provozu

Gotthard gvycarsko 57 2015 Vystavba
Brenner Rakousko — 56

Italie
Seikan Japonsko 54 1988 Provoz
Lyon—Turin Francie — Itdlie 53 2020
Eurotunel Anglie — Francie 50 1994 Provoz
Gibraltar Spanélsko — Maroko 37,7 Priprava
Lotschberg Svycarsko 346 2007 Provoz
Koralm Rakousko 328 2016
Guadarrama gpanélsko 284 2007 Provoz
Hakkoda Japonsko 26,5 2010 Vystavba
Iwate—Ichinohe Japonsko 258 2002 Provoz
Pajares Spanélsko 24,7 2010 Vystavba
Iyama Japonsko 222 2013 Vystavba
‘Waushaoling Cina 22,05 Provoz
Vereina Svycarsko 19 1999 Provoz
CTRL (Londyn) Anglie 19 2007 Provoz
Vaglia Itdlie 18,7 2008 Vystavba
Qingling Cina 18,5 2002 Provoz
Ceneri Svycarsko 154 2018 Priprava
Firenzuola Itdlie 152 2008 Vystavba
‘Wienerwald Rakousko 13.35 2012 Vystavba
Bussoleno Francie — Itdlie 125 2020 Priprava
Lainzer Rakousko 10.6 2012 Vystavba
Katzenberg Némecko 94 2012
Zimmerberg Svycarsko 94 2003 Provoz
Perthus gpanélsko 83 Vystavba
Storebaelt Diénsko 8 Provoz
Marseille Francie 7.8 2001 Provoz
Abdalajis Spanélsko 73 Vystavba
Groene Hart Nizozemsko 7,16 Vystavba

Dva jednokolejné tunely
Dva jednokolejné tunely
s paralelni tnikovou Stolou

Jeden dvoukolejny tunel a
tnikova Stola

Dva jednokolejné tunely

Dva jednokolejné tunely a
jeden obsluzny tunel

Dva jednokolejné tunely

a obsluzny tunel uprostred
Dva jednokolejné tunely
(Castené jednokolejny tunel
a Stola)

Dva jednokolejné tunely

Dva jednokolejné tunely

Jeden dvoukolejny tunel
Jeden dvoukolejny tunel
Dva jednokolejné tunely
Jeden dvoukolejny tunel
Dva jednokolejné tunely
Jeden jednokolejny tunel,
Céastedné jeden dvoukolejny
Dva jednokolejné tunely

Jeden dvoukolejny tunel

Dva jednokolejné tunely
Dva jednokolejné tunely

Jeden dvoukolejny tunel
Dva jednokolejné — 10,75 km
Jeden dvoukolejny — 2,37 km

Dva jednokolejné tunely
Dva jednokolejné — 2,3 km
Jeden dvoukolejny — 8,3 m
Dva jednokolejné tunely
Jeden dvoukolejny tunel
Dva jednokolejné tunely

Dva jednokolejné tunely

Jeden dvoukolejny tunel
Dva jednokolejné tunely

Jeden dvoukolejny tunel, koleje
oddéleny zdi s tinikovymi dvefmi

2 multifunkéni stanice

3 multifunkéni stanice

s pristupem na povrch

2 nouzové stanice, obsluZny tunel
propojeny s hlavnim tunelem

po 600—-1000 m (Sachty, Stoly)

4 nouzové stanice s pristupem

na povrch

2 komory kfiZeni
Paralelni obsluZny tunel
na celou délku

2 stanice — jedna servisni
a jedna tnikovd

Nouzovd stanice uprostied délky
tunelu bez pristupu na povrch
500 m dlouhy zéchranny tunel
uprostred s propojkami po 50 m,
nouzové komory po 2250 m

Bez tinikového vychodu

Ventila¢ni a Gnikové Sachty ve
vzdélenosti max. 3 km

8 km obsluZny tunel ve stfedni &dsti
s propojkami po 250 m

Unikovy vychod uprostied,
odboceni v tunelu

Unikové 3toly délky 380 m az 1500 m
3 nouzové vychody a kaverna

pro kontrolu koure se svislou
Sachtou

Nouzové tniky vzdalené
120 - 599 m

Ventila¢ni Sachty

4 propojky pro vybaveni
(vzdalenost 1,6 km)

Ventilace pro pfipad havdrie,
monitorovaci a kontrolni systém
Bez nouzového tniku, bez ventilace

3 tnikové Sachty po 2,3 km
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Tab. 1 The longest modern railway tunnels
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Tunnel Location Length (km) Commissioning Status Arrangement Safety measures

Gotthard Switzerland 57 2015 construction Two single-track tunnels 2 multiple-function stations

Brenner Austria - Italy 56 planning, surveys Two single-track tunnels with 3 multiple-function stations

a parallel escape gallery with an access to the surface
Seikan Japan 54 1988 operation One double-track tunnel with 2 emergency stations, service tunnel
an escape gallery connected with the main tunnel every
600 - 1000m (shafts, galleries)
Lyon - Turin France - Italy 53 2020 planning, surveys Two single-track tunnels 4 emergency stations with an access to
the surface
Eurotunnel England - France 50 1994 operation Two single-track tunnels 2 crossover chambers
and one service tunnel

Gibraltar Spain - Morocco  37.7 planning Two single-track tunnels Parallel service tunnel
and one service tunnel in the middle throughout the length

Lotschberg Switzerland 34.6 2007 operation Two single-track tunnels (partially 2 stations — one service st. and one
a single-track tunnel and a gallery) escape st.

Koralm Austria 32.8 2016 planning, surveys Two single-track tunnels Emergency station in the middle of
the tunnel length, without access to the
surface

Guadarrama Spain 284 2007 operation Two single-track tunnels 500 m long rescue tunnel in the middle;
cross passages every 50m, emergency
chambers every 2250m

Hakkoda Japan 26.5 2010 construction One double-track tunnel

Iwate-Ichinohe Japan 25.8 2002 operation One double-track tunnel

Pajares Spain 247 2010 construction Two single-track tunnels

Iyama Japan 222 2013 construction One double-track tunnel

‘Waushaoling China 22.05 operation Two single-track tunnels

Vereina Switzerland 19 1999 operation One single-track tunnel, Without escape exit

partially one double-track tunnel

CTRL (London) England 19 2007 operation Two single-track tunnels Ventilation and escape shafts at max.
spacing of 3km

Vaglia Italy 18.7 2008 construction One double-track tunnel 8km long service tunnel in the middle
part, cross passages every 250m

Qingling China 18.5 2002 operation Two single-track tunnels

Ceneri Switzerland 154 2018 planning Two single-track tunnels Escape exit in the middle, branching off
in the tunnel

Firenzuola Italy 152 2008 construction One double-track tunnel Escape galleries 380m to 1500m long

Wienerwald Austria 13.35 2012 construction Two single-track — 10.75km 3 emergency exits and

One double-track — 2.37km a smoke control cavern and vertical shaft

Bussoleno France - Italy 12.5 2020 planning Two single-track tunnels

Lainzer Austria 10.6 2012 construction Two single-track — 2.3km

One double-track — 8.3km Emergency exits every 120 — 599m

Katzenberg Germany 94 2012 Two single-track tunnels Ventilation shafts

Zimmerberg Switzerland 94 2003 operation One double-track tunnel

Perthus Spain 83 construction Two single-track tunnels 4 cross passages for equipment
(1.6km spacing)

Storebaelt Denmark 8 operation Two single-track tunnels Emergency ventilation, monitoring
and control system

Marseille France 78 2001 operation One double-track tunnel Without emergency exit, without
ventilation

Abdalajis Spain 73 construction Two single-track tunnels

Groene Hart the Netherlands 7.16 construction One double-track tunnel, tracks 3 escape shafts at 2.3km spacing

mens{ plocha vyrubu znamenala bezpecnéj§i razbu. V soucasné dobé
vzhledem k vy$§im ndvrhovym rychlostem a predevsim diky vy$$im
poZadavkam na bezpenost je stdle Castéji uprednostiiovan koncept
dvou jednokolejnych tuneld spojenych propojkami (tab. 4, obr. 2 a 3).
U stdvajicich tuneld vznikaji poZzadavky dodate¢ného zhotoveni dni-
kovych vychodu (paralelni Stoly s propojkami &i tnikové Sachty).
Nékteré tunely jsou dokonce navrhovéany jako dva Zelezni¢ni tunely
s paralelnim obsluznym ¢i tinikovym tunelem, coz je z hlediska bez-
pecnosti prirozené nejvyhodnéjsi feSeni, na druhou stranu toto reSeni
znamend nejvyssi cenu.

Ve viech pfipadech evropskych tunelt nad 20 km jsou protismérné
trat€ umistény do dvou samostatnych tunela spojenych v pravidelnych
intervalech propojkami. Realizace tretiho obsluzného ¢i tnikového
tunelu byla pouzita pouze u Eurotunelu (50 km) (obr. 4), ddle pak je
pldnovana u bazového tunelu Brenner (56 km) (obr. 5). Koncept jed-
noho dvoukolejného tunelu s délkou pres 20 km je preferovan pouze
v Japonsku. Nejdel§imi provozovanymi dvoukolejnymi tunely jsou
Seikan (54 km) a Iwate — Ichinohe (26 km). V soucasné dob¢ také pro-
bihd v Japonsku stavba dvoukolejnych tunelt Hakkoda (26,5 m)
a Iyama (22 km). Z pohledu dlouhych tunelt je zcela vyjimeény kon-
cept Svycarského tunelu Vereina (19 km), ktery je na vétSiné délky
jednokolejny a je zcela bez dnikovych vychodu. Jednd se v8ak o tunel
pro tzkokolejné soupravy s nizkou ndvrhovou rychlosti. Nejdel$imi
dvoukolejnymi tunely v Evropé budou italské tunely Vaglia (19 km)
a Firenzuola (15 km) na trati Bolona—Florencie. Délky vSech ostatnich
dvoukolejnych tuneld v Evropé nepiekracuji 10 km.

separated by a wall with escape doors

TBM assembly chambers will be excavated. The design will allow the
excavation to proceed even in the direction from Beroun. Because of lack
of space in the area of the Prague portals, the NATM excavation of the sec-
tion between the bifurcation chambers and Prague portals is assumed to be
carried out through the Chuchle access tunnel. The Tachlovice and
Chuchle access adits will be used for geotechnical surveys.

4. SIMILAR RAILWAY TUNNELS IN THE WORLD

The Prague — Beroun tunnel which is being prepared is unique first of
all owing to its length, which is unusual in the Czech Republic. The lon-
gest Czech transit tunnel which has been built is the 2.1km long Panenska
tunnel on the D8 motorway, whereas the longest Czech rail tunnel is cur-
rently the 1.8km long, single-track tunnel Brezno.

Table 1 presents the world’s longest, modern rail tunnels; older tunnels
(e.g. the approximately 20km long Simplon tunnels from the beginning of
the 20th century) are not shown. It is obvious from the table that the plan-
ned Prague — Beroun tunnel belongs among the longest rail tunnels in the
world. There are not many longer tunnels worldwide. So far, only 5 tunne-
Is longer than 25km have been opened (Seikan, Eurotunel and Iwate —
Ichinohe, Lotschberg, Guadarrama). Other two tunnels with the length rea-
ching 25km should be finished by 2010 (the Hakkoda and Pajares tunne-
Is), and other three (the Gotthard, Koralm and Iyama) by 2016.

5. CONFIGURATION CONCEPTS OF SIMILAR TUNNELS

In the past, the double-track configuration was mostly designed for rail-
way tunnels on double-track lines; two single-track tunnel tubes were used,
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Severni portal Innsbruck
Innsbruck North portal

Stanice Innsbruck
Innsbruck station

Pristupovy tunel

Access tunnel Stanice Steinach

Steinach station

Pristupovy tunel
Access tunnel

Pristupovy tunel
Access tunnel

Stanice Wiesen
Wiesen station

Jizni portal Fortezza
Fortezza South portal

NN

Obr. 5 Brennersky bdzovy tunel — uspordddni (www.bbt-se.com)
Fig. 5 The Brenner base tunnel configuration (www.bbt-se.com)

6. PODZEMNI[ STANICE

Bezpe&nostni koncept dlouhych Zelezni¢nich tuneld velmi Casto zahr-
nuje podzemni stanice. Duvodem je zdmér, aby pri ohroZeni Zivota ces-
tujicich v osobnich vlacich délka jizdy vlaku do bezpe¢ného mista
neprekracovala 20 km. Bezpelnostni stanice jsou zpravidla vybaveny
dostateCnymi prostory a adekvatni ventilaci, aby v nich cestujici mohli
pockat na piijezd zdchranného vlaku. Zpravidla se jednd o tunely para-
lelni s tratovymi tunely, které jsou v intervalech cca 50 m propojeny
s tratovymi tunely. Diky nutnosti ventilace stanic jsou tyto stanice zpra-
vidla propojeny s povrchem pomoci piistupovych tunelt a Sachet.

Gotthardsky bdzovy tunel (57 km) zahrnuje 2 podzemni stanice
Sedrun a Faido (obr. 2). Lotschbersky bazovy tunel (34,6 km) zahrnuje
jednu podzemni stanici Ferden (obr. 6). Brennersky bdzovy tunel
(56 km) bude mit 3 podzemnf stanice (obr. 5), bazovy tunel Lyon—Turin
(53 km) bude zahrnovat 4 podzemni stanice (obr. 3), tunnel Koralm
(32,83 km) bude mit jednu stanici s obsluznym tunelem uprostied
v poloving délky (obr. 7), obdobné tunel Guadarrama (28 km) bude mit
500 m dlouhou oblast s obsluznym tunelem uprostied asi v poloviné délky.

7. PREJEZDY MEZI JEDNOKOLEJNYMI TUNELY

A ODBOCENI V TUNELU

Prejezdy mezi jednokolejnymi tunely byly navrzeny na vétsiné velmi
dlouhych Zelezni¢nich tuneld. V pripadé Eurotunelu byly pro prejezdy
vybudovdny dlouhé dvoukolejné kaverny, v ostatnich pripadech jsou
prejezdy feSeny jako Sikmé jednokolejné tunely spojujici hlavni tratové
tunely (napf. tunely Gotthard, Lotschberg, Brenner, Pajares, atd.).
Prejezdy nebyly navrZzeny pouze v nekterych pripadech (napr. na tune-
Iu Koralm).

Odboceni trati byva zpravidla navrhovdno mimo tunel, odbocen{
v tunelu neni béZné feseni. Tomuto feSent se vSak v nékterych specifickych

first of all, in unfavourable geological conditions, where the smaller exca-
vated area meant safer excavation processes. Today, with respect to higher
design speeds and, above all, more demanding safety requirements, the
configuration with two single-track tunnels connected by means of cross
passages (see Table 4, Figures 2 and 3) is more and more often given pre-
ference. Existing tunnels have to cope with requirements for provision of
additional of escape exits (parallel galleries with cross passages or escape
shafts). Even further, some tunnels are designed as two railway tunnels
with a parallel service or escape tunnel, which is, of course, the most con-
venient solution in terms of safety; on the other hand, this solution means
the highest cost.

In all of the cases of European tunnels longer than 20km, opposing
tracks are placed in two independent tunnel tubes, which are connected at
regular intervals by cross passages. The third tunnel for services or escape
services was implemented only in the case of the Eurotunnel (50km) (see
Fig. 4) and it is planned for the Brenner base tunnel (56km) (see Fig. 5).
The concept of a single, double-track tunnel longer than 20km is preferred
only in Japan. The longest operating double-track tunnels are the Seikan
(54km) and Iwate-Ichinohe (26km). In addition, the construction of the
Hakkoda (26.5km) and Iyama (22km) double-track tunnels is currently
underway in Japan. The concept of the Swiss tunnel Vereina (19km) is
absolutely exceptional in terms of long tunnels. It is a single-track confi-
guration throughout the major part of its length, without any escape exit.
Although, this is a tunnel designed for low design speed, narrow-gauge tra-
ins. The longest double-track tunnels in Europe will be the Vaglia (19km)
and Firenzuola (15km) tunnels in Italy, on the Bologna — Florence rail line.
The lengths of all other double-track tunnels in Europe do not exceed
10km.

6. UNDERGROUND STATIONS

The safety concept of long railway tunnels very often incorporates
underground stations. The reason is the intention to limit the length of tra-
vel of a passenger train to a safe place, in the case of a threat to passengers’
life, to 20km. The safety stations are usually equipped with sufficient



Obr. 6 Lotschbersky bdazovy tunel — usporddani (www.blsalptransit.ch)
Fig. 6 The Lotschberg base tunnel configuration (www.blsalptransit.ch)

pripadech neni mozné vyhnout. Odboceni v tunelu naptiklad bude na hlou-
bené ¢asti tunelu Wienerwald, ddle je planovadno na Brennerském bazovém
tunelu a na bdzovém tunelu Ceneri. V pfipad¢ tunelu Praha — Beroun bude
nutné dukladné proveéfit veskerd rizika odbodeni ve vysokorychlostnim
tunelu a vliv tohoto feSeni na provoz.

8. VNITRNI PRUMER JEDNOKOLEJNYCH TUNELU

Vnitini primér jednokolejnych Zelezni¢nich tunelu se odviji od fady
faktort (predpoklddané vlakové soupravy, zpasobu uchyceni trakce,
ndvrhova rychlost, atd.). Diky tomu se tento parametr u riznych tunelt
zna¢né odliduje. V tab. 2 jsou uvedeny vnitini priméry nékterych dlou-
hych jednokolejnych Zelezni¢nich tuneld.

Tab. 2 Vnitini pruméry dlouhych Zelezniénich tunelii

Tunel Umisténi Délka Rychlost Uvedeni  Vnitfni
(km) (km/h) do provozu prumér
(m)
Gotthard §V}’/carsko 57 250 2015 8,30
Eurotunel Francie—Anglie 50 160 1994 7,60
Lotschberg ~ Svycarsko 34,6 250 2007 8,40
Guadarrama §panélsko 284 350 2007 8,50
Pajares Spanélsko 24,7 2010 8,50
CTRL Velka Briténie 19 270 2007 7,15
(36,8)
Katzenberg Némecko 94 250 2012 9,40
Perthus §panélsko—Francie 8.3 Vystavba 8,70
Storebaelt  Dénsko 8 160 km/h Provoz 7,70
Abdalajis Spanélsko 73 350 km/h  Vystavba 8,80
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spaces and adequate ventilation, enabling passengers to wait for the arrival
of a rescue train. The stations have usually the form of tunnels, parallel
with the running tunnels, which are connected with the running tunnels by
cross passages at about 50m intervals. Thanks to the necessity for the ven-
tilation of the stations, the stations are usually connected with the surface
through access tunnels and shafts.

The Gotthard base tunnel (57km) comprises 2 underground stations,
ie. the Sedrun and Faido (see Fig. 2). The Lotschberg base tunnel
(34.6km) comprises one underground station, the Ferden station (see Fig.
6). The Brenner base tunnel (56km) will have 3 underground stations (see
Fig. 5); the Lyon — Turin base tunnel (53km) will comprise 4 underground
stations (see Fig. 3); the Koralm tunnel (32.8km) will have one station with
a service tunnel in the middle of its length (see Fig. 7); similarly, the
Guadarrama tunnel (32.8km) will have a 500m long area with a service
tunnel, roughly in the middle of the tunnel length.

7. CROSSOVER CONNECTIONS AND TRACK
BIFURCATIONS IN TUNNEL

Crossover connections between two single-track tunnels were designed
for the majority of long rail tunnels. Long, double-track crossover cham-
bers were built in the case of the Eurotunnel; in the other cases, the swit-
ching is solved through single-track tunnels running at an angle and con-
necting the main running tunnels (e.g. the Gotthard, Lotschberg, Brenner,
Pajares and other tunnels). The cases where no crossovers were designed
are infrequent (e.g. the Koralm tunnel).

Bifurcation of the track is usually designed to be outside the tunnel; the
track bifurcation inside the tunnel is not a common configuration. This
configuration, however, is impossible to avoid in some specific cases. The
track bifurcation inside a tunnel configuration will be used, for example,
within the cut and cover section of the Wienerwald tunnel; further it is
planned for the Brenner base tunnel and the Ceneri base tunnel. As far as
the Prague — Beroun tunnel is concerned, all hazards associated with the
branching off from a high-speed railway tunnel and the influence of this
solution on the operation will have to be examined.
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Z uvedenych vnitinich profili jsou nejmensi britské — Channel Tunnel
Rail Link (CTRL) — 7,15 m a Channel Tunnel (Eurotunel) — 7,6 m. Oba
tunely jsou na jedné Zelezni¢ni trati mezi Londynem a Pafizi. Davodem
minimalizace profila byla snaha o minimalizaci vysledné ceny.

Eurotunel slouZi jak pro bézné vlaky UIC (International Union of
Railways), tak i pro objemnéjsi nakladni vlaky. CTRL slouZi pouze pro
vlaky UIC, proto bylo moZzné dosdhnout je§t¢ mensiho profilu nez
u Eurotunelu.

Eurotunel byl navrZzen s vysokym pomérem pii¢ného fezu vlaku ku
pii¢nému fezu tunelu (tzv. blockage ratio). V piipadé vlaku UIC je to
25 %, v ptipadé nakladnich vlaku je to dokonce 50 %. Pfirozené tento
vy$§i pomér prindsi vyssi odpor vzduchu behem jizdy vlaku, proto byly
v Eurotunelu navrZzeny kandly pro uvolnéni tlaku vzduchu. Kandly spo-
juji Zelezni¢ni tunely (nad obsluznym tunelem) a jejich rozestup je
250 m. Timto zpusobem je tlak vzduchu naakumulovany pred lokomo-
tivou preveden do mist s niz§im tlakem. Pfirozené veskeré vybaveni
tunelu bylo nutné pfizpusobit minimédlnimu prostoru.

U Svycarskych bazovych tunelt (Lotschberg, Gotthard) se podafilo
velikost vnitfniho profilu redukovat na 8,3 m. Obdobné jako u britskych
tunell si dand redukce vyzddala fadu nestandardnich opatfeni.
Nestandardni uchyceni trakce muselo byt vzhledem k vysoké ndvrhové
rychlosti posuzovdno na dynamické zatiZeni tlakem vzduchu.

Nejvétsi profil md z uvedenych piikladi tunel Katzenberg
v Némecku, jehoZ profil je 9,4 m. Divodem vétsiho profilu u tohoto
tunelu byla obava projektantti z moznych prusaki vody skrz segmento-
vé osténi, proto byla ponechdna moZnost dodate¢né realizace vnitrniho
osténi.

9. UMISTENI PROPOJEK A NOUZOVYCH UNIKU

U dlouhych Zelezni¢nich tunell se povaZuje za nutné, aby cestujici
v pripadé mimofddnych udélosti méli moznost uniku do bezpe¢ného
prostoru. Proto zdvisi bezpe¢ny dnik predev§im na délce tinikové cesty
k tunelové propojce ¢i k vychodu z tunelu (portdly, dnikové tunely ¢i
Sachty). Tunelové propojky jsou standardnim zaji$ténim tniku v pripadé
dvou jednokolejnych tuneld. Vhodnd volba jejich vzddlenosti je
z hlediska bezpecnosti zcela zdsadni. Volba vzdalenosti propojek zavis{
na mnoha faktorech (poZadavky hasi¢skych zdchrannych sbort, pred-
poklddané scéndfe mimorddnych udélosti, velikost tunelu, vlastnosti
materidlu v tunelu a ve vlakovych soupravéch, atd.). Proto se vzdale-
nosti propojek na raznych projektech znaéné lisi.

Shrnuti vzdélenosti propojek ¢i tnikovych vychoda je provedeno
v tab. 3. Obecné se vzddlenost propojek v pripadé dvou jednokolejnych
tunelti pohybuje mezi 250 m (Guadarrama, Great Belt) a 500 m (Koralm
(obr. 7), Katzenberg, Wienerwald (obr. 8)), na tunelech Channel Tunnel
Rail Link (CTRL) byla dokonce ptivodné pldnovand vzdélenost 350 m
zvy$ena na 750 m. V pfipadé jednoho dvoukolejného tunelu je délka
tnikovych cest v nékterych prfipadech jeSt¢ vyrazné vyssi. Tunely
Vereina (19 km) a Marseille (7,8 km) nemaji Zadné tinikové cesty, délka
unikovych cest na v soucasné dobé¢ realizovanych italskych tunelech
Firenzuola a Vaglia bude ptesahovat 4 km.

Tuel

8. INTERNAL DIAMETER OF SINGLE-TRACK TUNNELS

The inner diameter of single-track tunnels depends on many factors (the
anticipated trains, the system of fixation of the contact line, design speed
etc.). Owing to this fact, this parameter significantly varies for various tun-
nels. Table 2 presents inner diameters of some long single-track tunnels.

Tab.2 Internal diameters of long rail tunnels

Tunnel Location Length Speed Commis- Internal
sioning  diameter
Gotthard Switzerland 57km 250kph 2015 8.30m
Eurotunel  France - England  50km 160 kph 1994 7.60m
Lotschberg  Switzerland 346km  250kph 2007 8.40m
Guadarrama Spain 284km 350 kph 2007 8.50m
Pajares Spain 24.7km 2010 8.50m
CTRL UK 19km 270 kph 2007 7.15m
(36.8 km)
Katzenberg Germany 9.4 km 250 kph 2012 940 m
Perthus Spain - France 8.3 km Construction  8.70m
Storebaelt  Denmark 8km 160 kph Operation 7.70m
Abdalajis  Spain 7.3 km 350 kph Construction ~ 8.80m

The smallest of the above-mentioned inner diameters have the British
tunnels —Channel Tunnel Rail Link (CTRL) — 7.15m and Channel Tunnel
(Eurotunel) — 7.6m. Both tunnels are on one rail line between London and
Paris. The reason for the minimisation of the profiles was an effort for the
minimisation of the resultant cost.

The Eurotunnel is used by both common UIC (International Union of
Railways) trains and higher capacity freight trains. The CTRL is designed
only for UIC trains, which is the reason why even a smaller profile could
be achieved than that of the Eurotel.

The ratio of the train cross-sectional area to the tunnel cross-sectional
area (the so-called blockage ratio) which was designed for the Eurotunnel
is high. The ratio for the UIC trains is 25%, whereas the ratio for freight
trains is even 50%. Naturally, the higher ratio means higher resistance of
air during the train travel. For that reason, pressure-relieving ducts were
designed for the Eurotunnel. The ducts connecting the rail tunnels (running
over the service tunnel) are installed at 250m spacing. This system allows
the air which accumulates in front of the locomotive to be diverted to loca-
tions where the pressure is lower. Of course, all tunnel equipment had to
be accommodated to the minimum space.

The dimensions of the inner profiles of the Swiss base tunnels
Lotschberg and Gotthard were successfully reduced to 8.3m. Similarly to
British tunnels, the reduction required many non-standard measures.
Because of the high design speed, non-standard fixation of the contact line
had to be designed to withstand the dynamical air pressure load.

Of the above-mentioned examples, the Katzenberg tunnel in Germany
has the largest profile, 9.4m diameter. The reason for the larger profile of
this tunnel was the fact that the designers feared possible seepage through
the segmental lining. This design allowed the additional installation of an
inner lining in the future.

1. Sachta Paierdorf — Paierdorf shaft

2. Zapadni portal — West portal

3. Pruzkumna $tola — Pilot adit 1
4. Nouzova stanice — Emergency station

5. Sachta Leibenfeld — Leibenfeld shaft i
6. Vychodni portal — East portal

9. LOCATION OF
CROSS PASSAGES AND
EMERGENCY EXITS

It is considered necessary
S that a long rail tunnel must
give passengers the opportu-
nity to escape to a safe space
in the case of an emergency.
The safe escape therefore
depends, first of all, on the
length of the escape route to
a cross passage or a tunnel
exit (portals, escape tunnels
or shafts). Tunnel cross pas-
sages are a standard means
of securing safety in the case
of a twin-tube tunnel. The
proper choice of the spacing
of the cross passages is the-

Obr. 7 Tunel Koralm — uspordddni (www.ita-aites.org)
Fig. 7 The Koralm tunnel configuration (www.ita-aites.org)

refore of utmost importance.
The choice of the spacing of
cross passages depends on
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Tab. 3 Vzddlenost propojek a tinikovych vychodii

Tunel Délka Uvedeni do Usporadani Vzdalenost propojek
(km) provozu (4nikovych vychodu)
(m)
Groene Hart 7,16 Jeden dvoukolejny tunel
s prepazkou Dvere po 150 m
Perthus 83 Dva jednokolejné tunely 200
Storebaelt 8 Dva jednokolejné tunely 250
Guadarrama 284 2007 Dva jednokolejné tunely 250
Ceneri Base
Tunnel (CBT) 154 2018 Dva jednokolejné tunely 320
Gotthard 57 2015 Dva jednokolejné tunely 325
Lotschberg 34,6 2007 Dva jednokolejné tunely
(Caste¢né jeden jednokolejny a Stola) 333
Brenner Base Tunnel (BBT) 56 Dva jednokolejné tunely 333
Abdalajis 73 Dva jednokolejné tunely 350
Eurotunel 50 1994 Dva jednokolejné tunely
a jeden obsluzny tunel 375
Lyon - Turin 53 2015 Dva jednokolejné tunely 400
Bussoleno 12,5 2015 Dva jednokolejné tunely 400
Koralm 328 2016 Dva jednokolejné tunely 500
Katzenberg 94 2012 Dva jednokolejné tunely 500
Wienerwald 13,35 2012 Dva jednokolejné 10,75 km 500
Jeden dvoukolejny 2,37 km 3ks
Seikan 54 1988 Jeden dvoukolejny tunel 600-1000
CTRL 19 2007 Dva jednokolejné tunely 750 (puvodné
(Londynské tunely) pldnovéno 350 )
Lainzer 10,6 2012 Dva jednokolejné 2,3 km Vzddlenost tnikovych
Jeden dvoukolejné 8,3 km vychodt 120-599
Vaglia 18,7 2008 Dvoukolejny Vzdalenost tinikovych
vychodu az 4500
Firenzuola 152 2008 Dvoukolejny Vzdalenost tinikovych
vychodu az 5000
Marseille 7.8 2001 Dvoukolejny Bez tnikovych vychoda
Vereina 19 1999 Jeden jednokolejny Bez tinikovych vychoda
(6 km dvoukolejny)
Tab.3 Spacing of cross passages and escape exits
Tunnel Length Commissioning Configuration Spacing of cross passages
(km) / escape exits [m]
Groene Hart 7.16 One double-track tunnel with a dividing wall Doors - 150
Perthus 8.3 Two single-track tunnels 200
Storebaelt 8 Two single-track tunnels 250
Guadarrama 28.4 2007 Two single-track tunnels 250
Ceneri Base Tunnel (CBT) 154 2018 Two single-track tunnels 320
Gotthard 57 2015 Two single-track tunnels 325
Lotschberg 34.6 2007 Two single-track tunnels
(partly one single-track plus a gallery) 333
Brenner Base Tunnel (BBT) 56 Two single-track tunnels 333
Abdalajis 7.3 Two single-track tunnels 350
Eurotunel 50 1994 Two single-track tunnels plus one service tunnel 375
Lyon - Turin 53 2015 Two single-track tunnels 400
Bussoleno 12.5 2015 Two single-track tunnels 400
Koralm 32.8 2016 Two single-track tunnels 500
Katzenberg 94 2012 Two single-track tunnels 500
Wienerwald 13.35 2012 Two single tracks 10.75km 500
One double-track 2.37km 3 exits
Seikan 54 1988 One double-track tunnel 600 - 1000
CTRL 19 2007 Two single-track tunnels 750 (original plan: 350)
(London tunnels)
Lainzer 10.6 2012 Two single tracks 2.3km Spacing of escape exits:
One double-track 8.3km 120 - 599
Vaglia 18.7 2008 One double-track Spacing of escape exits:
up to 4500
Firenzuola 15.2 2008 One double-track Spacing of escape exits:
up to 5000
Marseille 7.8 2001 One double-track Without escape exits
Vereina 19 1999 One single-track (6km double-track) Without escape exits
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LEGENDA / LEGEND

1. Dva jednokolejné tunely razené TBM / TBM driven pair of single — track tunnels
2. Dvoukolejny tunel razeny NRTM — NATM driven double-track tunne

3. Hloubeny tsek — Cut and cover section
4. Pristupovy tunel — Access tunnel
5. Ventila¢ni Sachta — Ventilation shaft
6. Unikové vychody — Escape exits

Obr. 8 Tunel Wienerwald — uspordddni (Kohler 2007)
Fig. 8 The Wienerwald tunnel configuration (Kohler 2007)

10. VYSTAVBA TUNELU V KRASOVYCH OBLASTECH

Rizika krasovych oblasti pro podzemni dila jsou znama. Pohybuji se
od nestabilnich vdpencovych svahi a lokdlnich depresi aZ k obrovskym
podzemnim rezervodram. Tunely raZené v krasovych oblastech Casto
zastihuji dutiny. Rozmérné podzemni dutiny mohou zastavit postup
raZeb i na mnoho mésicu. Napiiklad v pripadé NRTM razby Zelezni¢ni-
ho tunelu Irlahull délky 7,3 km v Némecku doSlo ve stanieni
300-400 m od jizniho portdlu k velmi vyraznym stabilitnim problémim
osténi, kvuli EemuZ bylo nutné razbu prerusit na 1,5 roku. Prodlevy
vzniklé predeviim kvali zastizenym krasovym jevim (obr. 9) prodlouZily

Tab. 4 Projekty tuneli v krasovych oblastech
Tab. 4 Tunnel construction projects in karst areas

many factors (requirements of fire brigades, anticipated scenarios of
emergencies, tunnel dimensions, properties of materials used in the tun-
nel and trains etc.). This is the reason why the spacing of cross passages
significantly varies for different projects.

The overview of the spacing of cross passages or escape exits is pre-
sented in Table 3. In general, the spacing of cross passages in the cases
of a pair of single-track tunnels varies between 250m (Guadarrama,
Great Belt) and 500 m (Koralm (see Fig.7), Katzenberg, Wienerwald
(see Fig. 8); the planned spacing of 350m in the Channel Tunnel Rail
Link (CTRL) was even increased to 750m. In the case of a double-track
tunnel, the length of escape routes is in some cases even much greater.

Tunel / Tunnel Zemé / Country Ukel / Purpose
SMART Malajsie / Malaysia silni¢ni, voda / road, water
Monte Zucco Itdlie / Italy ZelezniCni / railway
Yellow River Diversion (Lot 3) Cina / China vodovodni / water
Tuzla Turecko / Turkey vodovodni / water
Xiaotang-Gantang Cina / China silni¢ni / road
Irlahull Némecko / Germany  Zelezniéni / railway
Sv. Rok Chorvatsko / Croatia silni¢ni / road
Kastalec Slovinsko / Slovenia silniéni / road
Katzenberg Némecko / Germany  Zelezniéni / railway
Lucica Slovinsko / Slovenia silni¢ni / road
Tuhobic¢ Chorvatsko / Croatia silni¢n{ / road
Qiyueshan Cina / China zeleznicni / railway
Bendtky-Terst Itdlie / Italy ZelezniCni / railway

Délka / Length  Profil / Profile Metoda razby Stav
(km) (m) Excavation method State
9,7 132 bentonitové TBM / slurry TBM  provoz / operation
277 8 EPB TBM / EPB TBM provoz / operation
41 49 hardrock TBM / hardrock TBM  provoz / operation
6.5 5 NRTM (4,9 km) / NATM (4.9km)
TBM (1,6 km) / TBM (1,6 km)  provoz / operation
2x7 12 NRTM / NATM provoz / operation
73 9.5 NRTM / NATM provoz / operation
5.8 12 NRTM / NATM provoz / operation
22 12 NRTM / NATM provoz / operation
2x94 11,1 EPB TBM / EPB TBM vystavba / construction
2x06 12 NRTM / NATM vystavba / construction
2x2,1 109 NRTM / NATM vystavba / construction
10 ? ? priprava / planning
21 ? ? priprava / planning




Obr. 9 Krasové jevy zastiZené pri razbé tunelu Irlahull (ILF Consulting
Engineers s. r. 0.)

Fig. 9 The karst phenomena encountered during the course of the Irlahull
tunnel excavation (ILF Consulting Engineers s.r.o.)

celkové realizaci projektu o 27 mésict. Béhem razby 88 km tunelt
vodohospoddrského projektu Wan Jia Zhai Yellow River Diversion
v Ciné byly zastizeny velmi rozmémé podzemni dutiny, které zastavily
postup tunelovacich stroji TBM také v nékolika piipadech na nékolik
mésict a mnoho mensich dutin také velmi zna¢né zpozdilo razby.

Z hlediska volby metody razby je prirozené konvenéni tunelovani
pomoci NRTM podstatné flexibilnéji, coZ je zpravidla vyhodou pri
razbé v heterogennim prostied (relativné tvrdy vdpenec, dutiny, mékka
vypln dutin, atd.). Pruizkum prostoru pred elbou pomoci vrtu lze pfi
NRTM provést podstatné dukladnéji v porovnani s TBM, poloha a smér
jednotlivych vrti nejsou prili§ omezeny, lze vrtat kompletni véjife od
stropu tunelu az po spodni klenbu. Pfi vyuziti TBM jsou moZnosti vrtu
omezené. TBM sestavené pro razbu v krasu by mélo umoznovat reali-
zaci vrtl po celém obvodu stroje. TBM by mélo byt vybaveno zafize-
nim umoZiiujicim geofyzikdlni prizkum prostoru pred elbou, které by
pomohlo identifikovat dutiny s predstihem. Pro ilustraci jsou v tab. 4
uvedeny nékteré projekty tuneld v krasovych oblastech s uvedenim
metody razby.

11. ZAVER

Pripravovany tunel Praha—Beroun svymi parametry, tj. zpusobem
a dobou vystavby, délkou a cenou presahuje vSechny zatim realizované
dopravni stavby v CR. Svou jedine¢nosti znamen4 velkou vyzvu pro
Ceské tuneldrské stavitelstvi a zdroven také prileZitost posunout
v ndsledujicim desetileti tento obor v CR na tiroveti umoziujici podilet
se na obdobnych budoucich stavbdch v Evropé i ve svéte. Maximaln{
pozornost a usili vénované pripravé projektu je podminkou predpokld-
daného urychleného zahdjeni vystavby. Prubéh vlastni vystavby bude
odpovidat rozsahu a kvalité pfipravy a kontroly provadéni. ZkuSenosti
z obdobnych evropskych projektd ndm pfitom mohou byt velmi cennym
podkladem.
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The Vereina tunnel (19km) and Marseille tunnel (7.8km) have no exit
routes; the length of escape routes in the Firenzuola and Vaglia tunnels,
which are currently under construction, will exceed 4km.

10. TUNNEL CONSTRUCTION IN KARST AREAS

Hazards to underground workings in karst areas are known. They
range from instable limestone slopes and local depressions to extensive
underground reservoirs. Tunnel excavation passing through karst regi-
ons frequently encounters cavities. Big underground caverns are able to
cause the suspension of the progress of excavation even for many
months. For example, the NATM excavation of the 7.3km long Irlahull
railway tunnel in Germany encountered serious problems of the lining
stability at a distance of 300 — 400m from the southern portal, which
caused the suspension of excavation for 1.5 years. The delays which
were caused, above all, by the encountering of karst phenomena (see
Fig. 9) extended the total construction time by 27 months. Very large
underground cavities which were encountered during the TBM driving
of the Wan Jia Zhai Yellow River Diversion tunnel in China suspended
the progress of the TBMs in several cases even for several months;
numerous smaller cavities also caused significant delays of the excava-
tion.

Naturally, in terms of the selection of the excavation method, the tra-
ditional NATM tunnelling is substantially more flexible, which is usu-
ally advantageous during the excavation through a heterogeneous envi-
ronment (relatively hard limestone, cavities, soft fill of cavities etc.).
The probe drilling ahead of the excavation face can be carried out much
more thoroughly when the NATM is used compared to the TBM use;
positions and directions of individual boreholes are not too much
restricted, complete arrays of boreholes can be drilled from the crown to
the invert. When TBMs are used, the possibilities are limited. A TBM
which is designed for the excavation through karst should allow the dril-
ling around the complete circumference of the machine. The TBM
should be provided with such equipment which allows a geophysical
survey ahead of the face, which would be helpful in the detection of
cavities in advance. For purposes of illustration, Table 4 presents some
tunnelling projects which were implemented in karst areas, together
with the particular excavation methods.

11. CONCLUSION

Currently planned the Prague — Beroun tunnel exceeds all transport-
related tunnels constructed in the Czech Republic in terms of its para-
meters (i.e. construction method, construction period, length and cost).
Owing to its uniqueness, it poses a great challenge for the Czech tunnel
engineering, but at the same time, it offers an opportunity to raise this
industry in the Czech Republic during the next decade to the level which
will allow a participation in similar projects in Europe and worldwide.
Maximisation of the attention and efforts put into the project planning is
a condition for the anticipated expeditious commencement of the con-
struction. The course of the construction itself will correspond to the
extent and quality of planning processes and control over the execution
of the works. The know-how gained from similar European projects can
become valuable help in this process.
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