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PRIPRAVA VYSOKORYCHLOSTNI ZELEZNICNI TRATE PODRIPSKO
PREPARATION OF THE PODRIPSKO HIGH-SPEED
RAILWAY LINE

ZDENEK ZIZKA, PETR HOFMAN

ABSTRAKT

Cldnek se zabyvd p¥ipravou tiseku vysokorychlostni trati Praha—Lovosice, kterd je nazyvdna VRT Podiipsko. V prvni &dsti se cldnek
zaméruje na popis celé trati Podripsko. Ve své druhé cdsti podrobné predstavuje koncepci StriZkovského tunelu, ktery je soucdsti zmiriova-

ného tiseku vysokorychlostni trati.

ABSTRACT

The article addresses the preliminary design of a section of the Prague—Lovosice high-speed line, which is called VRT Podripsko. In the
first part, the article focuses on the description of the entire Podripsko line. In its second part, it thoroughly introduces the concept of the
Strizkov tunnel, which is a part of the mentioned section of the high-speed line.

1. UvVoD

Pfiprava vysokorychlostnich trati (VRT) v nasi republice znac-
né pokrocila. Vysokorychlostni traté se stanou soucasti sité tzv.
Rychlych spojeni (RS). Ta jsou definovdna jako provozné-infra-
strukturni systém rychlé Zeleznice na izemi CR. Zahrnovat budou
nejen VRT, ale i nékteré traté upravené pro rychlost do 200 km/h.
V soucasné dobé se nachdzeji v riiznych stadiich projektové piipra-
vy nésledujici useky VRT:
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Obr. 1 Prehlednad situace VRT Podripsko
Fig. 1 Clear layout of the Podfipsko VRT

1. INTRODUCTION

The design stage of high-speed lines (VRT) in our Republic has
advanced significantly. High-speed lines will become a part of
a network of so-called Fast Connections (RS). Those are defined as
an operational-infrastructural fast railway system in Czech territory.
They will not only include VRT, but even some lines modified for
a speed of up to 200km/h. In the present time, the following VRT
sections find themselves in various stages of design preparation:

* RS 1 Prague-Brno—Ostrava VRT (length 385km);

* RS 2 Brno-Bfeclav VRT (length 44km);

* RS 4 Prague — Usti nad Labem — Dresden VRT (length 137km);

* RS 5 Prague — Hradec Kralové/Pardubice — Vratislav VRT

(Iength 273km).

RS 4 route connects Prague and Dresden, while it passes
under Krusné hory via a long base tunnel. The company
METROPROJEKT Praha a.s is the leader of 22 design companies
that are currently preparing design documents for the RS 4 and
specifically its Podiipsko section at the DUR level (Fig. 1). The
name Podfipsko VRT hides the marking of a track section between
the Balabenka hub in Prague and the current IV. railway corridor
to which it connects between Roudnice nad Labem, Litomérice,
and Lovosice [5]. On the RS 4 line yet another long base tunnel is
planned, passing under Ceské stiedohoii and exiting in Usti nad
Labem.

2. PODRIPSKO VRT

The mentioned VRT section is named after Rip Mountain, which
is a fundamental landmark in the vicinity of the line that goes
beyond borders of the region by significance.

The section of this new twin-rail line starts in Prague and ends at
an exit of the No. 090 conventional line (so-called ,,levobrezka‘)
behind Roudnice nad Labem City. The route of this VRT still begins
in the wider centre of Prague. A part of the project is a proposal for
the Balabenka turnout (Fig. 2), which represents one of the most
complex railway hubs in Prague. It connects five large Prague
stations, and whilst many rails intertwine here in two vertical
levels today, after reconstruction their number will approximately
double and even a third vertical level will be added. All of that in
very thorough coordination with the city ring road, which will be
channelled in tunnels underneath the rails. The reason for such
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RS 1 VRT Praha-Brno—Ostrava (délka 385 km);

RS 2 VRT Brno-Bfeclav (délka 44 km);

RS 4 VRT Praha — Usti nad Labem — DraZdany (délka 137 km);
RS 5 VRT Praha — Hradec Kréalové/Pardubice — Vratislav (dél-
ka 273 km).

Trasa RS 4 spojuje Prahu a DraZzdany, pricemz Krusné hory pod-
chézi velmi dlouhym bazovym tunelem. Spole¢nost METROPRO-
JEKT Praha a.s. stoji v ¢ele 22 projekcnich firem, které aktudlné
zpracovavaji projektovou dokumentaci pro RS 4 a konkrétné jeji
&ast Podfipsko ve stupni DUR (obr. 1). Pod ndzvem VRT Podfip-
sko se skryva oznaceni tseku trati mezi prazskym uzlem Balaben-
ka a stavajicim IV. Zelezni¢nim koridorem, na ktery se napojuje
mezi Roudnici nad Labem, Litoméficemi a Lovosicemi [5]. Na
trase RS 4 je planovén jesté dalsi dlouhy bazovy tunel podchazejici
Ceské stiedohofi a vyiistujici v Usti nad Labem.

2. VRT PODRIPSKO

Zminény tsek VRT je pojmenovan podle hory Rip, kterd je za-
sadni krajinnou dominantou v okoli traté, kterd vyznamem presa-
huje hranice regionu.

Usek této nové dvojkolejné trati zacinid v Praze a kon&i sjez-
dem na konvencéni trat ¢. 090 (takzvanou ,,levobiezku‘) za méstem
Roudnice nad Labem. Trasa této VRT zacind jesté v Sir§im cent-
ru Prahy. Soucésti projektu je i ndvrh odbocky Balabenka (obr. 2),
ktery predstavuje jeden ze slozitych prazskych Zelezni¢nich uzli.
Ten propojuje pét velkych prazskych nddraZi, a zatimco dnes se tu
nékolik koleji propléta ve dvou vyskovych drovnich, po prestavbé
se jejich pocet pribliZzné zdvojndsobi a pribude jesté treti vySkova

a generous solution is not the VRT itself and its integration into
Prague, but in particular the need to accommodate traffic capacity-
wise, which is expected by the feasibility study Prague railway
hub (in Czech) [1]. This hub is for the most part supposed to be
finished by the half of the 21 century and the Balabenka turnout
will therefore be one of the first structures directly connected to
it. RS 4 tracks are routed through this haulage from the railway
station (ZST) Railway station Praha hl. n., where this VRT will
be embedded, and on the northern end of the turnout they embed
into the slope underneath Prague districts Prosek and Stiizkov.
Also the ca. 3160m long StiiZzkov tunnel is named after the second
one.

After the exit from the tunnel, the line finds itself in the fields
between city districts Letiiany and Dablice, which have a high
potential for future development and The Prague Institute of
Planning and Development (IPR) plans a completely new city
district here. For this reason, the IPR also requires establishing
a railway station in this place. The planned station is supposed
to emerge parallel to Cinovecka Street (the continuation of the
D8 motorway on the territory of Prague), and because its full
potential will be utilised only with the potential new development
in the vicinity of the station, it is designed in multiple stages.
The expansion and reconstruction of the provisional (temporary)
Prague North station into its fully-fledged shape is expected during
the full operation of the line.

In the section following the Prague North station, the trains will
already surpass the speed of conventional railway. Up to the area
to the north of the Libeznice municipality, the design speed is

Obr. 2 Nové kolejové reSeni uzlu Balabenka
Fig. 2 New rail solution of the Balabenka hub




urovei. To vSe za velmi podrobné koordinace s méstskym silni¢nim
okruhem, ktery povede v tunelech té€sné vedle kolejisté. Diivodem
takto velkorysého feSeni neni samotna VRT a jeji zapojeni do Prahy,
ale zejména potieba kapacitné vyhovét provozu, ktery predpokla-
d4 Studie proveditelnosti Zelezniéni uzel Praha [1]. Tento uzel by
mél byt z velké Casti dokoncen aZ v poloviné€ 21. stoleti a odbocka
Balabenka tak bude jedna z prvnich staveb s nim pfimo spojenych.
Koleje RS 4 probihaji touto dopravnou od ZST Praha hlavni nadra-
Zi, kam bude tato VRT zausténa, a na severnim konci odbocky se
zanotuji do svahu pod prazskymi ¢tvrtémi Prosek a Stiizkov. Podle
druhé z nich jsou tunely délky ca 3 160 m také pojmenované.

Po vyjezdu z tunelt se trat ocita v polich mezi méstskymi ¢astmi
Letiiany a Ddblice, které maji velky potencial v budouci zistav-
bé a prazsky Institut planovani a rozvoje (IPR) zde planuje zcela
novou méstskou Ctvrt. Z toho divodu zde IPR pozaduje rovnéz
ziizeni Zelezni¢ni stanice. Planovana stanice mad vzniknout para-
lelné s ulici Cinoveckd (pokracovani ddlnice D8 na uzemi Prahy),
a protoZe jeji plny potencidl bude vyuZit aZ s pfipadnou novou za-
stavbou v okoli stanice, je navrZena v nékolika etapich. Rozsite-
ni a pfestavba zprvu nouzové (provizorni) stanice Praha Sever do
plnohodnotné podoby je predpoklddano za plného provozu traté.

V useku za stanici Praha Sever budou jiZ vlaky prekracovat rych-
lost konvenc¢ni Zeleznice. AZ do oblasti severné od obce Libeznice
je navrhova rychlost 250 km/h a trat zde nejprve mostem o délce
90 m prekonéva planovany vnéjsi dalni¢ni okruh Prahy (DO, kon-
krétné tusek 520), aby se nasledné opét zanoftila pod zem. Dvojko-
lejny Libeznicky tunel o délce 3 400 m provede VRT jeSté relativné
husté zastavénym tzemim severné od Prahy. Za jeho severnim por-
tdlem jiz mohou vlaky zrychlovat na planovanych 320 km/h, re-
spektive vyhledovych 350 km/h. V ramci Stiedoceského kraje pak
trasa postupuje t&sné podél dalnice D8 aZ do kraje Usteckého. Na
rozhrani Stfedoceského a Usteckého kraje se nachazi posledni vel-
ké dopravna tohoto dseku s pracovnim ndzvem Termindl Roudnice
nad Labem VRT.

Pred popisem samotného termindlu je tfeba zminit jesté nékolik
umélych staveb, které ji predchazeji. Prvni z nich je stavebni objekt
—nadjezd $itky 99 m. Jde o ekodukt, avSak jeho icelem neni vytvo-
feni migracni trasy pro zvér, ale propojeni dvou blizkych ¢asti pfi-
rodni rezervace (PR Vriky pod Spi¢dkem). Dalii stavbou je UZicka
estakada délky 900 m, pod niZ prochazi pozemni komunikace a Ze-
leznic¢ni trat ¢. 092. Za obci Zlosyn je trat navrhovana v tzké koor-
dinaci s rozsdhlou téZebnou Stérkopiskil planovanou v této lokalité.
Hned za ni nasleduje nejdelsi estakdda na VRT Podfipsko, 1 600 m
dlouhd Vltavska estakdda. Jeji délka je dana hlavné Sirokym pa-
sem aktivni zdplavové oblasti Vitavy v tomto misté. Samotnou
feku prekonava 25 m vysokym mostem o rozpéti 80 m. Hned za
ni je navrzena prostorova rezerva pro moznou odbocku, ve které
se bude odpojovat budouci VRT Poohii ve sméru na mésto Most.
Ta je v tuto chvili provéfovana samostatnou studii a neni jisté, zda
pokro¢i do dalsi faze pfipravy. Posledni vétsi umélou stavbou ve
Stfedoceském kraji je tunel LedCice, nazvany podle obce, kterou
podchézi. Je az s podivem, Ze se povedlo bezméla 50 km novostav-
by Zelezni¢ni trat€ napldnovat uz ve studii tak, aby k jedinym de-
molicim obytné zastavby doslo v této obci. Vysokorychlostni trat
zde povede 1 450 m dlouhym hloubenym dvoukolejnym tunelem.

Terminal Roudnice nad Labem VRT bude tvorit kapacitni pie-
pravni uzel. Do ¢tyfkolejné stanice bude zapojena trat ¢. 096, ktera
bude tvofit dopravni spojeni s méstem Roudnice nad Labem. Tato
jednokolejnd trat bude do stanice zaudsténa pres ,,triangl® (trat ve
tvaru trojihelniku), ktery ma mimo jiné slouZit k ota¢eni nékterych
pracovnich vlakt pred vjezdem do udrzbové zdkladny. Z tohoto

servisniho stfediska, pro které jsou projektovany vlastni kolejiSté
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250km/h and here the line firstly overcomes via a 90m long bridge
aplanned Prague outer motorway ring road (DO, specifically section
50), so that it subsequently once again submerges underneath the
ground. The double-track Libeznice tunnel at a length of 3400m
will guide the VRT through still a relatively densely built-up area
at the north outskirt of Prague. After its northern portal, trains can
accelerate up to the planned 320km/h, or as the case may be the
prospective 350km/h.The route andvances within the StfedoCesky
kraj narrowly alongside the D8 motorway to Ustecky kraj. On the
boundary of Stfedocesky and Ustecky kraj the last large haulage
of this section is located with a working designation Roudnice nad
Labem VRT Terminal.

Prior to describing the terminal itself, it is necessary to mention
a few artificial structures that precede it. The first of them is
a 99m wide flyover. It is an ecoduct, however its purpose is not
to create a migratory route for wildlife but rather to connect two
nearby parts of a natural reserve (Vrsky pod Spi¢dkem PR). The
next structure is the 900m long UZice railway bridge, underneath
which a road and the No. 092 railway line are located. After the
Zlosyn municipality, the line is designed in close coordination with
an extensive sandy-gravel quarry planned at this location. Right
beyond it the railway bridge on the VRT Podfipsko follows, the
1600m long Vltava elevated railway. Its length is given mainly by
the wide strip of the Vltava active flood plains in this area. The
river itself is overcome by a 25m tall bridge with a span of 80m.
Right after it, a spatial reserve for a possible turnout is proposed,
in which the future Poohii VRT will disconnect in the direction
of Most City. It is being verified at this moment by a standalone
study and it is not certain, whether it will advance to the next phase
of design. The last larger artificial structure in StfedoCesky kraj is
the Ledcice tunnel, named after the municipality which it passes
under. It is astonishing that nearly 50km of the new-build railway
line was successfully planned already in the study phase such that
the demolition of a housing development occurred only in this
municipality. The high-speed railway line here will run through
a 1450m long cut-and-cover double-track tunnel.

The Roudnice nad Labem VRT terminal will form a capacity
transportation hub. Into the four-track station the nr. 096 line
will be connected, which will form a transport connection with
Roudnice nad Labem City. This single-track line will be embedded
into the station via a ,triangle“(line in the shape of a triangle),
which should serve among other things to rotate some work trains
before entering the maintenance base. From this service centre, for
which the rails and the halls themselves are designed, a significant
part of the maintenance of the whole future RS 4 will be carried
out. The maintenance will be performed regularly during the night
hours when the operation on the high-speed line will be suspended.

The remaining ca. 10km route section is approximately one-
third designed within VRT speed parameters. The line here is
routed on two couple hundred metre-long viaducts (Cepelské and
Chvalinské). In the Knézdol turnout, the No. 090 conventional
line will disconnect from the VRT, a line that will for one or
two decades account for the only continuation of this line in the
direction of the northern border of the Czech Republic. The section
of the high-speed line across Stfedohofi actually represents not
only a technical, but also a political challenge, and for that reason
its realization is expected with a certain delay.

It is necessary to mention that for the whole route alongside
classic 2D documentation, a BIM model in 3D is also being
created, containing non-graphical information according to the
requirements of Sprava Zeleznic at the DUR level. The broad public
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a haly, bude probihat znacna cast udrzby celé
budouci RS 4. Udrzba bude probihat pravidelng
v no¢nich hodinach, kdy bude provoz na vysoko-
rychlostni trati prerusen.

Zbyvajicich cca 10 km Casti trasy je asi z jedné
tfetiny navrZeno v rychlostnich parametrech VRT.
Trat je zde vedena po dvou nékolikasetmetrovych
estakadach (Cepelské a Chvalinské). V odbog-
ce Knézdol se bude od VRT odpojovat sjezd na
konvencni trat €. 090, ktery bude na jednu az dvé
dekady predstavovat jediné pokracovani této traté
smérem k severni hranici CR. Usek vysokorych-
lostni trati pres Stfedohofi totiZ pfedstavuje nejen
technicky, ale i politicky ofiSek, a proto se jeho
realizace predpoklada s uréitym zpozdénim.

Je tfeba zminit, Ze pro celou trasu je vytvafen
vedle klasické 2D dokumentace i model BIM ve
3D, obsahujici i negrafické informace dle poZa-
davka Spravy Zeleznic ve stupni DUR. Vefejnost
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Na trase VRT Podfipsko se vedle jiz zminé-

ného Stfizkovského tunelu nachézeji i dalsi dva
tunely. Konkrétné se jednd o LedCicky a Libez-
nicky. LedcCicky tunel je cely hloubeny a pro
Libeznicky tunel je ¢asteCné navrzena metoda vystavby razenim
a Castecné hloubenim. Zatimco projekce Stfizkovského tunelu se
odehrava v rezii METROPROJEKTU Praha a.s., zbylé dva jsou
projektovany kolegy z firmy SAGASTA s.r.o. [6]. VSechny tunely
jsou primarné navrhovéany podle tzv. ,,Manudlu pro projektovani
VRT ve stupni DUR* [2] vydaného Spravou Zeleznic na zdklad&
sdileného know-how s francouzskymi Zeleznicemi (SNCF).

2.1.2 Tunel Libeznice

Novostavba dvoukolejného tunelu je navrzena v délce 3 400 m.
Navrhova rychlost je 250 km/h. Od vjezdového portélu je prvnich

zdroj SAGASTA s.r.o. [6] source SAGASTA s.r.o. [6]

Obr. 3 Pricny rez raZené Cdsti Libeznického tunelu
Fig. 3 Cross-section of the excavated part of the Libeznice tunnel

can familiarize with the course of design on the GIS portal https://
www.gobec.cz/vrt-balalo.

2.1 Tunnels on the Podfipsko VRT

On the Podfipsko VRT route even two other tunnels besides
the aforementioned Stfizkov tunnel are located. More specifically
LedCice and Libeznice. The LedcCice tunnel is entirely cut-
and-cover and for the Libeznice tunnel a construction method
of a combination of excavating and cut-and-cover is partially
designed. Whereas the design of the Stfizkov tunnel takes place
under the direction of METROPROJEKT Praha a.s., the remaining

two are being designed by our colleagues from
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the company SAGASTA s.r.o. [6]. All the tunnels

=3 are mainly designed according to the so-called
4 ., Manual for VRT designing at the DUR level* [2]
o~ released by Sprava Zeleznic on the basis of shared

know-how with the French railway (SNCF).
2.1.2 The Libeznice Tunnel

The new-built double-track tunnel is designed at
a length of 3400m. The design speed is 250km/h.
From the entrance portal, the first 2110m of
the tunnel are built in an open construction pit.
The next 600m of length are excavated (Fig. 3).
The remaining 690m are again built in an open
excavation pit. In relation to the placement of
the tunnel in the external area and mostly with
. a small depth below terrain, a sloped excavation
pit is designed. The structure of the tunnel will
be covered up to the level of current terrain with
a layer at least 1m in thickness.

The grade line of the tunnel is routed in a valley
line arc, which necessitated an essential design
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of a drain pit. The lining of the tunnel is from

zdroj SAGASTA s.r.o. [6] source SAGASTA s.r.o. [6]

Obr. 4 Pricny ez Ledcického tunelu
Fig. 4 Cross-section of the LedcCice tunnel

waterproof reinforced concrete with joints secured
thanks to inner sealing strips. The dimensions of
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2110 m tunelu budovano v oteviené stavebni jameé. DalSich 600 m
délky je razenych (obr. 3). Zbylych 690 m m je budovanych opét
v oteviené stavebni jamée. Vzhledem k umisténi tunelu v extravila-
nu, a vétSinou v malé hloubce pod povrchem, je navrZena svaho-
vand stavebni jama. Konstrukce tunelu bude piesypana do trovné
soucasného terénu vrstvou mocnosti alespori 1 m.

Niveleta tunelu je vedena v idolnicovém oblouku, coz si vyZada-
lo nutny navrh Cerpaci jimky. Osténi tunelu je navrzeno ze Zelezo-
betonu jako vodéodolné se sparami zajiSt€nymi pomoci vnitfnich
té€snicich past. Rozméry svétlého profilu tunelu odpovidaji zming-
nému Manudlu pro projektovani VRT [2]. Svétly profil tunelu je
91,8 m? (pro navrhovou rychlost 230 az 270 km/h je poZadovano
min. 90 m?). Klenba je zaloZena na zékladové desce, jejiZ tloustka
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the clear tunnel section correlate to the mentioned Manual for VRT
designing (in Czech) [2]. The clear section of the tunnel is 91.8m?
(for a design speed of 230 up to 270km/h min. 90m? is required).
The vault is founded on a base slab, whose thickness will be
dependent on the encountered geological conditions and the height
of the cover. Slab thicknesses of 800 and 1200mm are designed.

The excavation will be carried out according to the principles of
the New Austrian tunnelling method. In relation to the length of
the tunnel three escape structures are designed here (max. distance
is 1000m). Besides them, on the surface emergency service spaces
and technological structures are designed. The tunnel passes
underneath eight communications, from second-class roads up to
communications for pedestrians.

2.1.2 The Ledcice Tunnel

The new-built double-track tunnel
has a design length of 1450m. The
design speed is 320km/h. The tunnel
will be cut-and-cover in its entire
length (Fig.4). In regards to the
location of the tunnel being mainly
in the external area and a small depth
below terrain, a sloped construction
pit is designed with a maximum of
three elevation levels of slopes that
are divided by benches.

The tunnel axis in its entire
length is lead in a horizontal arc
with a maximum track cross slope
of 150mm. The tunnel has a roof-
shaped longitudinal incline, where
the grade line from the entrance
portal first ascends and then

descends. Dimensions of the clear

Obr. 5 Tubusy Stiizkovského tunelu s priblizenym pohledem na jizni portdl na Balabence (vyrez z BIM modelu)

Fig. 5 Tubes of the Stiizkov tunnel with a zoomed in view of the southern portal on Balabenka (cut out from a BIM

model)
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Obr. 6 PFicny Fez raZenou Cdsti Stiizkovského tunelu s primérem vyrubu
10,3 m a zajistény segmentovym osténim

Fig. 6 Cross-section of the excavated part of the Sti'iZkov tunnel with an exca-
vation diameter of 10.3m and segment lining securing

tunnel section also correspond to
the Manual for VRT designing (in
Czech) [2], (inside the obverse of the
lining is a circle with a radius of 6.5m). The clear tunnel section
will be 99.6m? (for a design speed of 270 up to 350km/h a min. of
100m? is recommended). The level of the edge of the pavement is
again designed always at the height of the crown of the adjacent
rail. The tunnel passes under many access roads and third-class
roads.

3. THE STRIZKOV TUNNEL

The Stfizkov tunnel complex (Fig. 5) consists of two single-
track excavated line tubes (Fig. 6), a cut-and-cover portal section
on Balabenka, a cut-and-cover portal section in Letiany (Fig. 7),
and excavated tunnel cross passages. Single-track track tunnels
have a length of 3155m (chainage km 5.723-8.878), from which
ca. 3000m will be excavated with a full-profile EPB (earth pressure
balanced shield) tunnelling machine. The tunnel grade line from
the entrance portal rises at an incline of up to 16.5%o. For the
reason of limitations on the maximal longitudinal inclination of
rails, within the horizontal arc, the tubes are delineated at different
elevations. The different vertical levels of entrances from the main
track tunnels into single-track cross passages then result in the need
to place a staircase into some of the cross passages.

The design speed of the tunnel is considered to be below 200km/h.
Construction-wise it is not a VRT tunnel, yet its technological
equipment matches it. The cross-section of the tunnel therefore
was not designed according to the Manual for VRT designing (in
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bude zavisla na zastiZenych geologickych podminkach a vysce za-
sypu. Navrzené jsou tloustky desek 800 a 1 200 mm.

Razba razené ¢asti bude provadéna dle principti Nové rakouské
tunelovaci metody. Vzhledem k délce tunelu jsou zde navrzené tfi
unikové objekty (max. vzdalenost je 1 000 m). Pfi nich jsou na po-
vrchu projektovany plochy IZS a technologické objekty. Tunel pod-
chazi osm komunikaci, od silnic druhé tfidy aZ po komunikace pro
pesi.

2.1.2 Tunel Ledcice

Novostavba dvoukolejného hloubeného tunelu ma navrhovanou
délku 1 450 m. Navrhova rychlost je 320 km/h. Tunel bude v celé
délce hloubeny (obr. 4). Vzhledem k umisténi tunelu z vetsi ¢asti
v extravilanu a v malé hloubce pod terénem, je navrZena svahovana
stavebni jdma s max. tfemi vySkovymi trovnémi svahi, které jsou
oddéleny lavicemi.

Tuel

Czech) [2], but according to sample sheets of Sprava Zeleznic for
tunnels with speeds of up to 200km/h [7]. However the shrinking
of the cross section in comparison to the mentioned manual has
necessitated the need to install fixed catenary lines for aerodynamic
reasons.

3.1 The engineering geology and hydrogeology
conditions

In section km 5.723-6.170 the tunnel passes through the
Ordovician rock of the Letnd complex of strata (Barrandien) and
similar conditions are also in the area of the entrance portal. Clayey
silty shales with layers of quartzite are also represented here. The
rock strength rises with depth due to a lower intensity of weathering.
In the profile of the tunnel primarily shales corresponding to the
R4 class will be located, more weathered shales of the R5 class

Osa tunelu je v celé délce vedena ve smérovém
oblouku s maximalnim pfevySenim koleji 150 mm.
Tunel ma stfechovity podélny sklon, kdy niveleta
od vjezdového portdlu nejprve stoupd a pak klesa.
Rozméry svétlého profilu tunelu rovnéz odpovidaji
Manuélu pro projektovani VRT [2] (vnitfni lic osté-
ni je kruZnice o poloméru 6,5 m). Svétly profil tu-
nelu bude 99,6 m? (pro névrhovou rychlost 270 az
350 km/h je doporuceni min. 100 m?). Uroven hrany
chodniku je opét navrzena vzdy ve vySce temene pfi-
lehlé kolejnice. Tunel podchézi neékolik polnich cest
a silnic treti tfidy.

3. STRIZKOVSKY TUNEL

Yoy

Komplex Stfizkovského tunelu (obr. 5) se sklada
ze dvou jednokolejnych raZenych traftovych tubust
(obr. 6), hloubeného portalového useku na Bala-
bence, hloubeného portdlového tseku v Letiianech
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(obr. 7) a raZenych tunelovych propojek. Jednokolej-

né trafové tunely maji délku 3 155 m (staniceni km
5,723-8,878), z ¢ehoz cca 3 000 m bude raZeno plno-

profilovym tunelovacim strojem EPB (Earth pressure
balanced shield). Niveleta tunelu od vjezdového por-
talu stoupd ve sklonu az 16,5 %o. Z divodu omezeni
maximalniho podélného sklonu koleji jsou v ramci
smérovych obloukl trasovany tubusy v rozdilnych
vyskach. Rozdilné vyskové urovné vstupt z hlavnich
tratovych tuneli do jednokolejnych propojek pak ve-
dou k nutnosti umisténi schodisté do nékterych pro-
pojek.

Navrhovd rychlost v tunelu je uvazovana do
200 km/h. Stavebné se nejedné o tunel VRT, avSak
jeho technologické vybaveni tomu odpovida. Pricny
fez tunelu proto nebyl navrZzen podle Manudlu pro
projektovani VRT [2], nybrZ podle vzorovych listi
Spréavy zeleznic pro tunely s rychlosti do 200 km/h
[7]. ZmenSeni pficného fezu oproti zminénému ma-
nudlu si ov§em vyZadalo z aerodynamickych divoda
nutnost instalaci pevné troleje.

3.1 Inzenyrskogeologické a hydrogeologické
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Usekem km 5,723-6,170 prochézi tunel ordovicky-

mi horninami letenského souvrstvi (Barrandién) a ob-
dobné podminky jsou i v misté vjezdového portalu.

Obr. 7 Pricné rezy hloubenou cdsti Strizkovského tunelu
Fig. 7 Cross-sections of the cut-and-cover part of the Stiizkov tunnel




Zastoupeny jsou zde jilovitoprachovité bridlice s polohami kie-
mencil. Pevnost horniny vlivem mensi intenzity zvétrani do hloub-
ky roste. V profilu tunelu se budou nachéazet predevsim bfidlice
odpovidajici pevnosti tfidé R4, vice zvétralé bridlice tfidy RS se
budou nachdzet v tvodni ¢asti kolem portalu tunelu a v nadloZi.
Polohy kfemenct predstavuji velmi odolnou horninu, kterd bude
zpusobovat vyssi opotfebeni feznych nastroji tunelovaciho stroje.
Podle laboratornich rozbori je pevnost kiemenct v prostém tlaku
pramérné 40 MPa. V prubéhu vrtnych praci byly dokumentovany
hodnoty RQD prevazné 0 %, max. cca 50 %. Znaci to vysoké az
velmi vysoké rozpukéni horninového masivu diskontinuitami.

V tseku km 6,170-6,280 prekondva tunel zlomové padsmo u paty
prosecké plosiny. Tektonicka linie prochdzi uzemim ve sméru
77S5-VV] a zapricinila vznik terénni deprese vyplnéné kvartérni-
mi sedimenty, které nasedaji na podloZni ordovické horniny. U této
terénni deprese 1ze jako jeji vypli prfedpokladat kvartérni deluvi-
alni a deluviofluvidlni sedimenty charakteru jild a hlin piscitych,
s proménlivym podilem podloznich tlomkt hornin. Pfedkvartérni
podklad tvofi ordovické horniny letenského souvrstvi v monotén-
nim vyvoji, charakteru jilovitoprachovitych bridlic cernoSedé bar-
vy, které jsou prostfednictvim tektonickych linii zvétralé do vétsich
hloubek. V bezprostfednim nadloZi tunelu se budou nachézet zce-
la zvétralé bridlice charakteru jilovité hliny pevné konzistence.
V pribéhu vrtnych praci byly mimo tektonické poruchové zény
dokumentoviny hodnoty RQD ptevazné 40-90 %.

V tseku km 6,280 az cca 7,660 prochdzi tunel jilovitoprachovi-
tymi bridlicemi patficimi do jemnozrnné (pelitické) facie mono-
tonniho vyvoje letenského souvrstvi nebo do libetiského souvrstvi.
Niveleta tunelu stoupd a mocnost nadloZi se pohybuje v rozsahu
max. 62 m v km 6,540 az 36 m v km 7,660. Tunel bude razen
predevsim ve zdravych jilovitych a jilovitoprachovitych bfidlicich.
Horniny maji pevnost v prostém tlaku na dolni hranici tfidy R3
odpovidajici nejcastéji rozsahu cca 18-34 MPa. Pritomnost poloh
kfemencti u monoténniho vyvoje letenského souvrstvi je ojedinéla.
Vzdalenost diskontinuit je mala aZ stfedni, v prizkumnych vrtech
bylo dokumentovano RQD v rozsahu nejcastéji 30-80 %.

V useku km cca 7,660-7,900 prochazi tunel na rozhrani dvou
zcela rozdilnych litologickych celkti hornin spodni kiidy a ordovi-
ku. Niveleta tunelu stoupd a mocnost nadloZi se pohybuje v rozsahu
36-29 m. V horni ¢ésti profilu tunelu zacnou nastupovat piskovce
korycanského souvrstvi, které jsou slabé diageneticky zpevnéné
a odpovidaji pevnostni tiidé R5—R4. Piskovce jsou jemné aZ hru-
bé zrnité a v pribéhu priizkumnych vrtnych praci se rozpadaly na
ulomky a pisek, takze RQD téméf v celém profilu piskovci odpo-
vida hodnoté 0 %. V podloZi piskovcl byva pritomna vrstva jilovcl
patfici jiz do peruckych vrstev. Jilovce maji Sedou az ¢ernosedou
barvu a obsahuji zbytky organiky, popf. se jednd aZ o jilovce uhel-
né. Hornina je mélo pevnd a ulomky lze drtit v ruce, jeji pfetvareni
je Castecné plastické. Tato vrstva, pokud je pfitomnd, byva obvykle
mocna cca 0,5-1,5 m. Pfechod do hornin ordoviku miZe byt ostry
nebo muze zahrnovat prfechodnou vrstvu fosilné predkiidové zvét-
ralych hornin. Tmavosedé libeiiské jilovité bridlice byly ve svrchni
vrstvé cca 2,0 m lateriticky fosiln€ zvétralé.

V tseku km cca 7,900-8,878 prochazi tunel v celém profilu kii-
dovymi piskovci korycanskych vrstev. Mocnost nadloZi postupné
klesd z 29 m na 9 m v misté severniho portdlu razené casti. Piskov-

ce jsou slabé diageneticky zpevnéné a odpovidaji pevnostni tiidé
R5-R4. Kiidové piskovce tvori opét hlavni kolektor pro podzem-
ni vodu v oblasti a vzhledem k nepropustnému podloZi dochazi
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will be situated in the initial part around the tunnel portal and the
overburden. The locations of quartzite represent a very resistant
rock that will inflict higher wear on the cutting tools of the
tunnelling machine. According to laboratory analysis the strength
of the quartzite (UCS) is on average 40MPa. During drilling works
RQD (rock quality designation) values were documented to be
mostly 0%, max. ca. 50%. That signifies a high to very high rock
segmentation due to discontinuities.

In section km 6.170-6.280, the tunnel overcomes a fault zone at
the base of the Prosek platform. The tectonic line passes through
the area in the direction WWN-EES and it caused the formation
of a depression filled with Quaternary sediments settled on the
subsoil of the Ordovician rock. With this terrain depression, as its
fill, it is possible to expect Quaternary deluvial and deluvial-fluvial
sediments with the characteristics of clays and sandy loams, with
a variable ratio of subsoil rock fragments. The pre-Quaternary base
is formed by Ordovician rocks of the Letna complex of strata, in
character monotone clayey silty shales of black-gray colour, which
are weathered up to higher depths due to tectonic lines. In the
imminent overburden of the tunnel entirely weathered shales in
character solid consistency clayey loams will be located. Over the
course of drilling works apart from the tectonic fault zones, RQD
values were documented mostly at 40-90%.

In section km 6.280 up to ca. 7.660, the tunnel passes through
clayey silty shales belonging to finely grained (pelite) facies
of monotone development of the Letnd or the Libeni complex
of strata. The grade line of the tunnel rises and the thickness of
the overburden oscillates in a range of max. 62m in km 6.540 to
36m in km 7.660. The tunnel will be excavated mostly in healthy
clayey and clayey silty shales. The rocks have strength in simple
pressure on the lower boundary of the R3 class corresponding most
commonly to a region of ca. 18-34MPa. The presence of quartzite
layers at the monotone development of the Letnd complex of
strata is sporadic. The distance between discontinuities is small
to medium, in exploratory bores the documented RQD was in the
range of mostly 30-80%.

In the section km ca. 7.660-7.900 the tunnel passes through
along a border between two entirely different lithological units
of Lower Cretaceous and Ordovician rocks. The grade line of
the tunnel rises and the thickness of the overburden fluctuates in
a range of 36-29m. In the upper part of the profile of the tunnel
the Korycany complex of strata starts to come in, which is weakly
diagenetically strengthened and corresponds to the strength of
the R5-R4 class. Sandstones are finely to coarsely grained and
during exploratory drilling works they broke apart into fragments
and sand, so the RQD corresponded to the value of 0% almost in
the whole profile. A layer of claystone that already belongs to the
Perucko layers tends to be present in the subsoil of sandstones.
Claystones have a gray to black gray colour and contain remains
of organic matter, eventually, they are even coal claystones. The
rock is seldom sturdy and it is possible to crush the fragments by
hand, its deformation is partially plastic. This layer, provided it
is present, usually tends to be ca. 0.5-1.5m thick. The transition
into Ordovician rock can be abrupt or it can include a transitional
layer of fossil pre-Cretaceous weathered rock. Dark gray Libei
clayey shales were lateritic fossilly weathered in the upper layer
of ca. 2.0m.

In section km ca. 7.900-8.878 the tunnel in its entire profile
passes through Cretaceous sandstones of the Korycany layers.
The thickness of the overburden gradually decreases from 29m to
9m in the location of the northern portal of the excavated section.
Claystones are weakly diagenetically strengthened and correlate to
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k hromadéni vody na bazi kiidy. Horniny jsou slabé az stiedné roz-
pukané a vytvari stfedné az siln€ propustny kolektor.

Podzemni voda se nachdzi predevS§im v kiidovych piskovcich,
které tvoii vyrazny kolektor, jilovce na rozhrani vrstev a podlozni
bridlice jsou prakticky nepropustné.

3.2 Vybér technického FeSeni tunelu

Nejprve bylo tfeba vybrat nejvhodnéjsi technologii razby a s tim
souvisejici kolejové feSeni. Do tvahy prichdzela moZnost feSeni
tunelu jako dvoukolejného razeného konvenéné (NRTM) nebo
dvou jednokolejnych tubust raZenych strojné. Jako prvotni kri-
térium byla zhodnocena u téchto dvou variant rychlost vystavby,
kdy varianta dvou jednokolejnych tuneldi raZenych strojné jasné
dominuje. Varianta dvou jednokolejnych tunelt déle nabizi vyssi
uroveil bezpecnosti provozu a v neposledni fadé vhodné umisténi
technologického vybaveni tunelu do tunelovych propojek. Volbu
varianty strojni razby podporuje moznost zfizeni kvalitni logistické
zakladny pro obsluhu raZeb v Letiianech.

Staticky vypocet prokdzal, s ohledem na zastiZené geologic-
ké podminky, nutnost nasazeni stroje s moznosti aktivni tlakové
podpory Celby. Pozadavky na razici techniku je mozZné na zakladé
predbéZného geotechnického prizkumu stanovit pouze orientacné.
V ramci plnoprofilovych strojnich razeb existuji tfi varianty stroja
s aktivni tlakovou podporou celby. Vedle zeminového Stitu (EPB)
je to bentonitovy §tit (SPB) a §tit s variabilni hustotou podptirného
média (variable density shield). Vzhledem k tomu, Ze v trase ne-
byly zastizeny rozséhlé oblasti hrubozrnnych zemin, je pro razbu
navrhovan zeminovy §tit EPB. Vyhodou tohoto typu stroje oproti
zbylym dvéma typlim je jeho niZsi cena i provozni naklady. Tune-
lovaci stroj EPB déle umoziiuje razbu ve tfech médech v zavislosti
na aktudlné zastiZzenych geologickych podminkach (v uzavieném,
otevieném a polouzavieném ¢i smiSeném). VSechny tyto tfi médy
budou s vysokou pravdépodobnosti pii razb€ Stfizkovského tunelu
také vyuzity.

Vzhledem k pomérné nepriznivym inZenyrskogeologickym
a hydrogeologickym podminkdm z hlediska stability vyrubu bude
nutné vyznamnou ¢dst tunelu razit v uzavieném modu. Pfi pouZiti
tohoto médu dojde k minimalizaci sedani povrchu a minimalnimu
ovlivnéni hydrogeologické situace zdjmového izemi. V otevieném
modu se bude razit pouze ve zdravych skalnich hornindch s mini-
malni puklinovou propustnosti podzemni vody. Na prechodu mezi
oblastmi razby v uzavieném modu a otevieném modu je navrhova-
no nasazeni polouzavieného médu. Pritoky podzemni vody do vy-
rubu budou v mistech s vysokymi pfitoky minimalizovany razbou
v uzavieném modu.

Pti ur€ovani potiebného prirezu tunelu se vychdzelo z navrhové
rychlosti do 200 km/h z literatury [7], Pfilohy 12 Mechanizova-
nd razba — Geometrie — od 161 km/h do 230 km/h pevnd jizdni
draha, prevyseni 0—160 mm (bez odsazeni). Jako vyztuz tunelu je
navrZeno prefabrikované betonové osténi @ 9,1/10,0 m tl. 450 mm
z dratkobetonu nebo s klasickou ocelovou armaturou. Pevnostni
tfida betonu musi byt minimédlné C35/45 a nema piekrocit C50/60
z divodu kiehkosti betonu. Podrobnéjsi pozadavky na kvalitu be-
tonu nejsou v ramci soucasného stupné projektové dokumentace
stanoveny.

Pro ucely projektové pripravy je uvazovan vysledny primér vy-
rubu @ 10,3 m. UvaZzovany vyrub je o 150 mm vétsi na kazdé strané
nez vné&jsi hrana segmentového osténi. Velikost 150 mm je v sou-
¢asném stupni dokumentace uvadéna jako orientacni. Tento prostor
je technologicky nutny, mimo jiné, pro fizeni tunelovaciho stroje.
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the R5-R4 strength class. Cretaceous sandstones again form the
main collector for groundwater in the region and in regards to the
impermeable subsoil the accumulation of water occurs at the base
of the sandstones. The rock is low to medium jointing and forms
a medium to intensely permeable collector. Groundwater is located
primarily in Cretaceous sandstones, which form a distinctive
collector, claystones on the boundary of the layers and subsoil
slates are practically impermeable.

3.2 The choice of the technical solution of the tunnel

Firstly it was needed to choose the most suitable excavation
technology and with it the associated railway solution. Into
consideration came the possibility of the solution of the tunnel
as double-track conventionally excavated (NATM) or two
single-track tubes excavated by a tunnel boring machine. As the
primary evaluated criteria with these two variants was the speed
of construction, where the variant of two single-track tunnels
excavated by a machine clearly dominates. The variant of two
single-track tunnels then offers a higher level of operational
safety and last but not least the convenient placement of tunnel
equipment of the tunnel into tunnel cross passages. The choice of
the machine excavation variant is backed by the option to establish
a quality logistical base for excavation support in Letiiany.

The structural analysis proved with regard to the encountered
geological conditions the need for the deployment of a machine with
the option of active pressure face support. It is possible to specify
the requirements for excavation machinery only indicatively on
the basis of the preliminary geotechnical survey. Within full-
face machine excavation exist three variants of machines with
active pressure face support. Besides the mentioned shield (EPB)
that is the bentonite shield (SPB), and the shield with a variable
density of support medium (variable density shield). Taking into
consideration that along the route there were no extensive areas
of coarsely grained soils encountered, the proposed shield for
the excavation is the EPB shield. The advantage of this type of
machine in comparison with the remaining two types is its lower
cost and also operational expenses. The EPB tunnelling machine
then allows excavation in three modes in relation to the currently
encountered geological conditions (in an close, open and partially
closed or mixed). All three of these modes will be used with a high
likelihood during the excavation of the Stfizkov tunnel.

In regards to the comparatively unfavourable engineering
geology and hydrogeology conditions from the point of stability
of the excavation, it will be necessary to excavate a significant
part of the tunnel in the close mode. Whilst using this mode the
minimisation of surface subsiding will happen and a minimal
impact on the hydro-geological situation of the area of interest
will occur. In the open mode excavation will be carried out only
in sound rock with minimal joint groundwater permeability. On
the transition between areas of excavation in the close and open
modes, the deployment of the partially closed mode is proposed.
The influx of groundwater into the excavation will be minimised
in areas of high influx by excavating in the close mode.

During the determination of the required tunnel cross-section,
the basis used in regards to the design speed below 200km/h was
literature [7], Appendix 12 Mechanised excavation — Geometry —
from 161km/h to 230km/h slab track, superelevation 0—160mm
(without offset) (in Czech). The tunnel will be lined with segments
with steel or steel-fibre reinforcement with thickness of 450mm
and ¢9.1/10.0m. The strength class of concrete has to be at least
C35/45 and it is not supposed to exceed C50/60 due to concrete
brittleness. More thorough requirements on concrete quality have




Tuel

34. rocnik - €. 2/2025

not been defined within the current
stage of the design.

For the purpose of project pre-
paration, the considered final
diameter of the excavation is
?10.3m. The considered excavation
is larger than the outer edge of the
segment lining on both sides by
150mm. The 150mm size is stated
as indicative in the current stage of
design. This space is technologically
necessary, besides other things

for the operation of the tunnelling
machine. At the end of the rear shield

Obr. 8 Vizualizace portdlu Strizkovského tunelu na Balabence

Fig. 8 Visualization of the Stiizkov tunnel portal on Balabenka

Na konci zadni obélky $titu je prostor nasledné vyinjektovan napt.
tzv. dvoukomponentni injektaZi. Tolerance smérového a vySkového
vedeni razby je uvaZovana 100 mm na kazdou stranu od osy tunelu.
Téchto 100 mm pro toleranci razby je uvazovano nad ramec pojist-
ného prostoru 300 mm.

Segmentové osténi tratovych tunell je v pfi¢nych a podélnych
sparach uzavfeno proti vodé pomoci elastomerového tésnéni. To
milZe byt vybaveno bentonitovymi pasky, které v ptipadé kontaktu
s vodou nabobtnaji a oblast ddle dotésni. U elastomerového tésnéni
je prokazano, Ze vyhovi pro dvojnasobek pozadovaného hydrostatic-
kého tlaku, a to se zohlednénim degradace tésnéni béhem navrhové
Zivotnosti osténi a vzdjemného pootoceni segmentl ¢i vzdjemného
posunu prstencll. PoZzadavkem na vodotésnost je odolat navrhové
hodnoté vysky vodniho sloupce i po 100 letech.

Kolejové feSeni tunelu po€ita s navrhem pevné jizdni drahy (PJD)
a s maximalnim pfevySenim koleje 60 mm. Konkrétni typ PJD neni
v tomto stupni PD specifikovan. PouZiti Stérkového loZe by si opro-
ti PID vyzadalo zvétSeni priméru tunelu ze dvou divodua:

1. 00,2 m v priméru. Pri zachovéni stavajiciho priméru tune-

Iu by se pouzitim Stérkového kolejového loze totiz zmensila
Sitka unikové cesty na 1 022 mm. Dle poZarné bezpecnostni-
ho feseni (PBR) maji byt chodniky Siroké minim4lné 1,1 m.
Zvétseni vyrubu o 0,2 m by proto pfineslo navySeni plochy
teoretického vyrubu z 83,3 m? na 86,6 m?,

envelope, the space is subsequently
injected with for example the so-
called two-component injection
resin. The tolerance of the directional
and vertical course of excavation
is considered to be 100mm on both
sides of the tunnel axis. This 100mm
for excavation tolerance is taken into account beyond the 300mm
safety space.

The segment lining of track tunnels is enclosed against water in
the transverse and longitudinal slits thanks to elastomeric gaskets.
That can be equipped with bentonite strips, which swell up upon
contact with water and further gaskets the location. With elastomeric
gaskets, it has been proved that they satisfy double the required
hydrostatic pressure, and while considering the degradation of
gaskets during the design lifespan of the lining and the mutual
rotation of segments or the reciprocal shift of segmental rings. The
requirement for water tightness is to withstand the design water
column height even after 100 years.

The rail solution of the tunnel counts with the design of a slab-
track (PJD) and with the maximal rail superelevation of 60mm. The
particular PJD type is not specified at this stage of design. The use of
a stone bed in contrast to the PJD would demand an enlargement of
the diameter of the tunnel for two reasons:

1. By 0.2m in diameter. By keeping the current tunnel diameter
due to the use of a stone bed the width of the escape route
would in fact decrease to 1022mm. According to the fire
safety solution (PBR), pavements have to be a minimum
of 1.Im wide. Enlarging the excavation by 0.2m would
therefore cause the increase of the theoretical excavation area
from 83.3m? to 86.6m?.

2. By 0.7m due to the placement

tratovy tunel

Usek se schody
track tunnel

section with stairs

boéni rozrazky
side stubs

of drainage cleaning shafts
into pavements, for securing
their accessibility and also
preserving the option of rail
bed machine cleaning.

The use of PID in the single-
track Stfizkov tunnel is, therefore,
more cost-saving not only from the
viewpoint of the excavation area but
also the area of segmental lining. This
comparison emerges from the need
to place the edge of the pavements
as far as 2.26m from the rail axis
according to the sample sheet. This

tratovy tunel
track tunnel

Obr. 9 Propojka Stiizkovského tunelu s boénimi rozrdZkami a rozdilnym vyskovym uspordddnim tratovych tunelii

Fig. 9 Cross passage of the Stiizkov tunnel with side stubs and a different vertical arrangement of the track tunnels

distance enables machine cleaning
of the rail bed and also its effective
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2. 00,7 m z davodu umisténi Sachet ¢isté€ni drenaze do chodni-
ka, pro zajisténi jejich piistupnosti a zaroven zachovani moz-
nosti strojniho ¢isténi kolejového loZe.

Pouziti PJD v jednokolejném StiiZkovském tunelu je tedy
uspornéjsi jak z hlediska plochy vyrubu, tak i plochy segmen-
tového osténi. Toto srovnani vychdzi z nutnosti umisténi hrany
chodnikll az 2,26 m od osy koleje dle vzorovych listll v pfipadé
Stérkového loZe. Tato vzdalenost umoZnuje strojové Cisténi kole-
jového loZe a rovnéz jeho efektivni udrzbu z hlediska rektifikace
koleje vzhledem k pouziti stejnych mechanizmt jako na oteviené
trati. V pripadé PJD je nutnost udrZby minimalizovéna, ale je tie-
ba oproti Stérkovému loZi pocitat s vétSimi investi¢énimi naklady
na samotny Zelezni¢ni svrSek. PJD dale umoZiuje umisténi tlumi-
ciho (tzv. mass-spring) systému zabranujicimu Sifeni vibraci do
okoli tunelu. Naproti tomu Stérkové loZe umoZziiuje pouze umis-
téni tlumicich matraci mezi $térk a Zelezobetonovou konstrukci
tunelu, které jsou méné ucinné. Poloha tnikového chodniku nad
temenem kolejnice (TK) je 0 mm na levé stran€ tunelu. Na pra-
vé strané se chodnik nachdzi v trovni temene pfilehlé prevySené
kolejnice.

Zachranné vyklenky v tomto typu osténi nebudou obecné zfi-
zovany. Vyjimkou, a zaroven zajimavosti Stfizkovského tunelu, je
vyklenek pro filtr, ktery slouZi k zahrazeni stejnosmérnych proudi
(DC filtr). Dlivodem umisténi tohoto filtru je zména typu napéjeci
trakce pred tunelem v blizkosti portdlu na Balabence. Realizace
tohoto vyklenku je navrZena obdobné jako provedeni zarodku pro-
pojky.

Na strojné razené useky navazuji tseky hloubené (obr. 8) v ote-
viené stavebni jamé. Zatimco v oblasti Letian je délka t&€chto
usekll zhruba 140 m, na Balabence je uvaZovany hloubeny tsek
délky pouze cca 20 m. To z divodu strméjsiho sklonu svahu por-
talu, jelikoZ strojni razba vyZzaduje urcitou minimélni vysku
nadloZi.

V rdmci porovnani variant bylo posuzovano nasazeni jednoho ¢i
dvou tunelovacich stroju, které by razily oba tubusy Stiizkovského
tunelu soucasné. Projektant se vzhledem k délce tunelu ptiklonil
k nasazeni pouze jednoho stroje, a to kvuli uspofe finan¢nich pro-
stiedku, a predev§im s ohledem na délky tunelt. V piipadé nasa-
zeni dvou tunelovacich stroji by se doba vystavby zkratila pouze
zhruba o 12 mésici. To by z pohledu dokonceni dalSich dseki trati
VRT nemélo prakticky vyznam.

Z hlediska postupu provadéni Stiizkovského tunelu byly prové-
fovany dvé moZnosti:

1. dovrchni razba od portdlu na Balabence smérem do Letiian;

2. upadni razba z Lettian smérem k portalu na Balabence.

Vzhledem k mozZnosti umisténi staveniSté, jeho zasobovani
a vlivu na okoli je jednoznac¢nou volbou varianta razby z Letiian
smérem na Balabenku. Oblast Letiian umoziiuje i zfizeni komfort-
niho zafizeni stavenisté, spolu s vyrobnou segmentl osténi a beto-
narkou. Betondrka pak bude slouzit i pro dalsi objekty provadéné
v ramci prfedmétné VRT.

3.3 Propojky

Potieba tunelovych propojek (obr. 9) vychazi z TSI [3], na kterou
se odkazuje pozarné bezpecnostni feseni (PBR) tunelu [4]. Propojky
jsou navrZzeny jako razené NRTM. Navrh obecné pocitd s maxi-
malni vzdalenosti propojek 450 m. Ta je doloZena v PBR na zi-
kladé modelu evakuace osob a modelu zakoureni jako dostatecna.
Lokélné byva tato vzdalenost zmenSovana s ohledem na pozemni
zastavbu tak, aby razba propojky nebyla provadéna pod citlivou
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maintenance in terms of rail rectification in regards to the use of
the same mechanisms as on the open rail. In the case of PJD, the
need for maintenance is minimised, but compared to a stone bed it
is necessary to take into account the increased investment costs for
the railway superstructure itself. The PJD then allows the placement
of a dampening (ie. mass-spring) system preventing the spread
of vibrations into the vicinity of the tunnel. In contrast, a ballast
trackbed only allows the placement of dampening layer between the
gravel and reinforced concrete structure of the tunnel, which are less
effective. The location of the escape pavement is Omm above the
running surface of the rail on the left side of the tunnel. On the right
side, the pavement is located at the level of the running surface of the
adjacent superelevated rail.

Rescue recesses in this type of lining generally will not be
established. The exception and also a curiosity is a recess for a filter
that serves to obstruct direct currents (DC filter). The reason for
the placement of this filter is the change of railway electric traction
before the tunnel in the vicinity of the portal on Balabenka. The
realisation of this recess is designed similarly to the execution of the
cross-passage starter stub.

The cut-and-cover sections connect to the machine-excavated
sections (Fig. 8) in an open excavation pit. Whilst the length of these
sections in the region of Letiiany is roughly 140m, on Balabenka the
considered cut-and-cover section only has a length of ca. 20m. That
is for the reason of a steeper slope incline at the portal since machine
excavation requires a certain minimal overburden height.

Within the comparison of the variants the deployment of one or two
tunnelling machines that would excavate both tubes of the Stfizkov
tunnel simultaneously was evaluated. The designer has sided with
the deployment of only one tunnelling machine with regards to the
length of the tunnels and the savings of financial resources. In the
case of deploying two tunnelling machines the time of construction
would shorten only by roughly 12 months. That would have no
practical substance from the perspective of finishing further VRT
line sections.

From the point of view of the conduction method of the Stiizkov
tunnel two options were assessed:

1. uphill drive from the portal on Balabenka in the direction

towards Letiiany;

2. downbhill drive from Letiiany in the direction of the portal on

Balabenka.

In regards to the option of construction site placement, its
supply, and the impact on the surroundings the unequivocal choice
is the variant of excavation from Letfiany in the direction towards
Balabenka. The area of Letiany also allows the establishment of
construction site facilities together with the manufacturing plant of
lining segments, and a concrete plant. The concrete plant will then
even serve for other structures carried out within the VRT in question.

3.3 Cross passages

The need for tunnel cross passages (Fig. 9) originates from TSI
[3], to which the fire safety solution (PBR) of the tunnel refers [4].
The cross passages are designed as NATM-excavated. The design
generally counts with a maximum distance of the cross passages
of 450m. That is documented in PBR as satisfactory on the basis
of a model of people evacuation and a model of smoke flow.
Locally this distance tends to be reduced with regards to surface
buildings such that the excavation of the cross passage would not
be carried out underneath sensitive buildings. Seven cross passages
are designed in the section with an overburden height from 15m
to 59m.




zastavbou. V tuseku je navrzeno sedm propojek pfi vysce nadlozi
od 15 mdo 59 m.

Jak jiZz bylo zminéno vySe, vzdjemné vySkové feSeni obou koleji
se po trase tunelu méni. V pripadé malého vyskového rozdilu mezi
tratovymi tunely probihaji propojky s podélnym sklonemdo 1 : 8 =
12,5 %. Pri vyssim sklonu je do propojky umisténo schodisté, které
sklon vyrovnava.

Jsou navrZeny dva typy propojek:

e Zékladni s bocnimi rozrazkami — v propojkach €. 2 a ¢. 4 bude
vzdy vybudoviana jesté kolma rozrazka pro umisténi pridav-
nych technologickych zafizeni. V propojkéch ¢. 5 a 6 pak bu-
dou vybudovany takové rozrazky dvé. Propojky €. 5 a 6 totiZ
budou obsahovat schody — viz vySe. Za tlakotésnymi dvermi
propojky, v chranéném prostoru pied schody, je umisténa vzdy
bezbariérova plocha o ploSe min. 30 m>.

e ZvétSend bez bocnich rozrazek — propojky ¢. 1, €. 2, a €. 7 ne-
maji bocni rozrazku, avSak maji zvétSeny zakladni pricny rez
tak, aby tunikova stola vedle technologickych mistnosti spliio-
vala podminky TSI (Sitka 1,5 m x vyska 2,25 m).

Propojky se budou razit az po vybudovani tratovych tuneli. Po
zajisténi stability hotového segmentového osténi v misté prostupd,
a vyjmuti piislusnych dilct z montovaného osténi, se vyrazi pri-
slusné propojky technologii NRTM a opatfi se primarnim osténim.
Nésledné se poloZi hydroizola¢ni souvrstvi a vybetonuje se sekun-
dérni osténi.

Monolitické Zelezobetonové konstrukce v razenych propojkich
jsou na rubu opatfeny féliovou povlakovou izolaci z mékceného
PVC, odolnou proti tlakové podzemni vodé. Vstupy do propojek
budou opatfeny 2 ks tlakotésnych dvefti. Vzduchotechnické vyba-
veni bude umoziovat vyvodit v propojkach pretlak.

4. ZAVER

Pred realizaci iseku RS 4 ¢eka projektanty jesté mnoho prace. At
uZ je to provedeni podrobného inZenyrskogeologického prizkumu
a nasledné upfesnéni potfebnych technickych parametrti raziciho
stroje a vyztuZeni tunelu, nebo dokonceni projekti technologic-
kych profesi. Klicovym tikolem pro projektanty je i vysvétlit vy-
brané feseni VRT vefejnosti a prokdzat, Ze krajina i obyvatelstvo
budou vystavbou VRT dotéeni v co nejmensi mozné a zaroven ak-
ceptovatelné mifte.
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As it was already mentioned above, the mutual vertical alighment
of both the rails changes along the route of the tunnel. In the case
of a small vertical difference between the track tunnels, the cross
passages run with a longitudinal incline of up to 1:8 = 12.5%. With
a higher incline, a staircase is placed into the cross passages, which
equalizes the incline.

Two types of cross passages have been designed:

* A basic one with side stubs — in cross passages No. 2 and No. 4

a perpendicular stub will always be built for the placement of
additional technological devices. Then in cross passages No. 5
and 6 two of such stubs will be built. Cross passages No. 5
and 6 will actually contain stairs — see above. Behind pressure-
tight doors of a cross passage in a protected space before the
stairs a barrier-free surface of an area min. 30m? is always
placed.

* Enlarged without side stubs — cross passages No. 1, No. 2, and
No. 7 do not have a side stub, however, they have an enlarged
basic cross-section such that the escape shaft next to the
technological room complies with TSI conditions (width 1.5m
% height 2.25m).

The cross passages will be excavated only after constructing the
track tunnels. After securing the stability of the finished segment
lining at the locations of the cross passages and removing the
relevant segments from the assembled lining, the corresponding
cross passages will be excavated by NATM technology and
provided with primary lining. Following a waterproofing layer will
be laid and the secondary lining concreted.

Monolithic reinforced concrete structures in excavated cross
passages are on the reverse provided with foil film waterproofing
from softened PVC, resistant to pressurised groundwater. Entrances
to the cross passages will be furnished with 2 pcs of pressure-
tight doors. Ventilation equipment will enable the induction of
overpressure.

4. CONCLUSION

Before the realisation of the RS 4 section, still, plenty of
work awaits the designers. Whether it is conducting a detailed
engineering geology survey and then specifying the required
technical parameters of the boring machine and tunnel lining, or
the completion of projects of technological professions. The key
task for designers is also to explain the chosen VRT solution to the
general public and to demonstrate that the landscape and residents
will be affected in the least possible and acceptable amount.
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