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RAZENE TUNELY TRASY METRA V A V PRAZE
MINED TUNNELS ON PRAGUE METRO LINEV A

MIROSLAV KOCHANEK, JAN KOREJCIK

ovob INTRODUCTION
ProdlouZeni trasy A metra ze stanice Dejvickd na Leti$té The metro Line A extension from Dejvicka station to the Ruzyné
Ruzyné ma celkové zlepsit kvalitu dopravni obsluhy severoza- Airport is to improve quality of overall traffic services within the
padniho sektoru mésta kapacitni kolejovou dopravou, kterd se north-western sector of the city by adding high-capacity rail-bound
projevi mimo jiné redukci autobusovych a tramvajovych linek traffic, which will result, among others, in reducing the numbers of
v této oblasti Prahy. V koordinaci s pfipravnou dokumentaci bus and tram lines in this area of Prague. The coordination with the
Modernizace trati Praha—Kladno je uvaZovdno také s prestupy design documentation for issuance of zoning and planning decision
mezi metrem a Zelezniénim spojenim do centra mésta ve stanicich for the Upgrade to Prague — Kladno railway line results, among
Veleslavin, Dlouhd mile a Leti§té Ruzyné. Stanice Dlouhd mile je others, in the possibility of transfering between metro and the rail
navic navrZena jako univerzdlni kapacitni pfestupni uzel mezi line leading to the centre of the city, at  Veleslavin, Dlouhd Mile
Zeleznici, regiondlni i méstskou hromadnou dopravou a zachytnym and Leti§té Ruzyné stations. In addition, Dlouhd Mile station is
parkovistém. designed as a universal, high-capacity intersection for transfering
Pokracovani trasy metra A ze stanice Dejvicka k Letisti Ruzyné je between the railway, regional and urban mass transit and a park-
etapovité rozdéleno na tfi provozni dseky VA, VIA a VIIA. NavrZzend and-ride yard.
trasa navazuje na soucasnou konecnou stanici metra Dejvickd, pod The continuation of the metro Line A from Dejvickd Station
Evropskou ulici stoupd zdpadnim smérem udolim byvalého toward the Ruzyné Airport is divided into stages during which three
Dejvického potoka az do oblasti Vokovic a Veleslavina, kde se staci operating sections will be constructed: V A, VI A and VII A. The
k jihu a prostupuje vyvySeninou Bfevnova, pod severnimi svahy proposed alignment starts from the current terminal metro station,
motolského ddoli se obraci znovu k severozdpadu a dile pokracuje az Dejvickd, under Evropskd Street. It ascends westward along the
k Letisti Praha Ruzyné. valley of the former Dejvicky Brook up to the area of Vokovice and
Prvni ¢ast prodlouZeni, tj. provozni tsek VA, navazuje na soucas- Veleslavin, where it turns south and passes through Brfevnov
nou stanici Dejvickd a kon¢i odstavnymi a obratovymi kolejemi mound; it again turns north-west under southern slopes of the
docasné kone¢né stanice Motol. Trasa propoji husté obydlené oblasti Motol valley and continues further up to the Prague Airport.
podél Evropské a Kladenské ulice, sidlisté Cerveny vrch a sidlistd The initial section of the extension, operating section V A, starts
Petfiny. Navic umoZni snadny pfistup do Fakultni nemocnice Motol, from Dejvickd Station and ends by dead-end and head-shunt tracks
kterd je jednou z nejvétsich nemocnic v CR i v Evropé. behind a temporarily terminal station, Motol. The route will conne-
ct the densely populated areas along Evropskd and Kladenska
ZASADY RESENI Streets and the residential areas of Cerveny vrch and Petfiny. In
Provozni tsek trasy metra VA je dlouhy 6,12 km a jsou na ném add.itio'n, it wil} provide easy access to the Faculty Hospital Motol,
navrzeny tii raZené stanice Cerveny vrch, Veleslavin a Petiiny a jedna thh is one of the largest hospitals in the Czech Republic and even
hlouben4 stanice Motol. Mezistani¢ni dseky jsou témér celé razené. in Europe.
Tratové tunely jsou v prevazném rozsahu navrZeny jako jednokolejné,
pouze v okoli stanice Motol budou dvoukolejné. DESIGN FUNDAMENTALS
Dokumentace pro vybér zhotovitele byla dokonéena v lednu letos- The metro operating section V A is 6.12km long and contains
niho roku. V soucasné dobé probihd vefejnd soutéZ na zhotovitele 3 mined stations, Cerveny Vrch, Veleslavin and Petfiny, and 1
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Obr. 1 Situace trasy
Fig. 1 Layout of the route
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Obr. 2 PrevySeny podélny profil, technologie vystavby
Fig. 2 Exaggerated longitudinal section — construction techniques

stavby. Stavebni price by mély zacit do konce tohoto roku a cely dsek
VA md byt preddn do provozu v roce 2014.

Predpokladé se, Ze ihned po dokonceni tseku VA bude zahdjena
vystavba navazujicich dsekd VIA a VIIA, které jsou vedeny aZ na
Leti$té Ruzyné. Usek VIA m4 délku 4,08 km a jsou na ném tfi stani-
ce, zatimco usek VIIA md délku 2,47 km a pouze jednu stanici.
Tratové tunely budou v prevazné délce razené, jednokolejné.

POPIS TRASY

Nasledujici zakladni popis trasy vysledného feSeni je dle zvyklosti
zpracovan ve sméru staniceni, to je od stanice Motol do stanice
Dejvickd.

Stanice Motol

Stanice metra Motol je situovdna proti hlavnimu vstupu do aredlu
nemocnice Motol, severné od ulice Kukulovy. Je to mélkd hloubend
stanice s bo¢nimi ndstupisti. Osovd vzddlenost koleji ve stanici je
4,5 m. Prosklend stfe$ni konstrukce stanice umoznuje prosvétleni
néstupis§té¢ dennim svétlem. Projekt minimalizuje zédbor prilehlého
svahu s vegetaci a zajiStuje nepferuseny provoz na Kukulové ulici po
celou dobu vystavby. V odfezu zajisténém pilotovou sténou s trvalymi
kotvami bude vybudovidna hloubenad stanice.

Konstrukce stanice je navrZzena z monolitického Zelezobetonu.
Objekt je dvoupodlazni. Na vestibul v drovni pod néstupi$tém nava-
zuje podchod pod ulici Kukulova, s vystupnimi rampami k obéma
protismérnym autobusovym zastdvkam a do aredlu nemocnice.

Soucast{ stanice je také razeny tunel pro obratové koleje. Jednd se
vlastné o razeny dvoukolejny tunel, v némzZ jsou doCasné umistény
dvé koleje délky 410 m pro obrat a odstav vlaku. Na konci tunelu je
umisténa stavebni jama, ve které se u portdlu vybuduje hloubeny Zele-
zobetonovy objekt strojovny hlavniho vétrdni s vétracim objektem na
povrchu. Zde bude doCasné ukonCen provozni tsek trasy metra VA.
Navrzena stavebni jdma umozni razbu dvoukolejného tunelu obrato-
vych koleji, ktera se bude provadét podle zdsad technologie NRTM,
a ddle umoZni v budoucnu montaZ razicich mechanismi TBM a razbu
dvou jednokolejnych tuneli metra na trase metra VIA.

Dalsim dulezitym objektem stavebniho oddilu jsou odvodiovaci

[ s 3

Sachta a Stola, které jsou umistény v nejniz§im misté¢ dvoukolejného

Obr. 3 Stanice Motol
Fig. 3 Motol Station

cut-and-cover station, Motol. Nearly all interstation tunnel stret-
ches will be mined. Running tunnels are designed in the prevailing
extent as single-track structures; double-track tunnels will be only
in the vicinity of Motol Station.

The tender documents were completed in January 2009. The pub-
lic tendering is currently underway. Construction works should
commence by the end of 2009; the entire section V A is to be ope-
ned to traffic in 2014.

The construction of the following sections, VI A and VI A, which
lead up to the Ruzyné Airport, is expected to start immediately after
the completion of section V A. Section VI A is 4.08km long and
contains 3 stations, while the 2.47km long section VII A has only 1
station. Major part of running tunnels will be single-track structu-
res, built by mining.

DESCRIPTION OF THE ALIGNMENT

The following basic description of the resultant alignment design
is, as usual, processed in the direction of chainage, i.e. from Motol
Station toward Dejvicka Station.

Motol Station

Metro station Motol is located in front of the main entrance to the
grounds of the Motol hospital, north of Kukulova Street. It is a near
surface cut-and-cover station with side platforms. The track centre
distance in the station is 4.5m. A glazed station roof structure
makes the illumination of platforms by daylight possible. The
design minimises the use of land on the adjacent slope with vege-
tation and secures uninterrupted traffic in Kukulova Street throug-
hout the construction period. The cut and cover station will be con-
structed in a shelf, which will be stabilised by a pile wall with per-
manent anchors.

The two-level station structure is designed in cast-in-situ reinfor-
ced concrete. The concourse at the level under the platform links
a pedestrian subway under Kukulova Street, with exit ramps lea-
ding to two bus stops (for both directions) and the hospital area.

Part of the station is also a mined tunnel for the headshunt. It is
a mined double-track tunnel temporarily housing two 410m long
rails for turning back and shunting of trains. There will be
a construction trench at the end of the tunnel, in which the main
ventilation plant cut and cover structure will be built, with
a ventilation structure at the surface level. The operating metro sec-
tion V A will be temporarily terminated here. The above-mentioned
construction trench will make the NATM excavation of the double-
rail headshunt tunnel possible; in the future it will make the assem-
bly of TBMs and driving of two single-rail tunnels on VI A metro
line possible.

Another important structure within the construction lot is
a drainage shaft and adit, which is located in the lowest point of the
double-rail headshunt tunnel. The structure will be used for gravity
evacuation of seepage water, tunnel rinsing water and also water
originating during a possible defect on the tunnel hydrant line to
a storm sewer in Kukulova Street.

The alignment turns north from Motol Station toward Petfiny
Station through a left-hand curve to enter the space of Petfiny
Station. At the beginning it passes through an about 770m long,
mined double-rail tunnel, which will be driven by the NATM. Then
two about 550m long single-rail tunnels follow, from an excavation
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obratového tunelu. Objekt bude slouZit pro odvddéni prusakovych
vod, vod z omyvéni tunelu, jakoZ i vod vzniklych pri mozné havdrii
tunelového vodovodu gravitaénim zpusobem do de$tové kanalizace
v ulici Kukulové.

Od stanice Motol smérem ke stanici Petfiny se trasa levostrannymi
obloukem std¢i na sever a je privedena do prostoru stanice Petfiny.
Nejprve se jednd o raZzeny dvoukolejny tunel délky cca 770 m provadény
podle NRTM. Od mista Sachty pro montdZ razicich mechanisma pokra-
Cuji dva jednokolejné tunely délky cca 500 m raZené pomoci technologie
TBM. Mezistani¢ni tsek obsahuje jeste raZenou Stolu se strojovnou vzdu-
chotechniky a vétraci Sachtu, které se budou provadét podle NRTM.

Stanice Petfiny

Stanice Petfiny je situovédna pod ulici Brunclikovou. Vlastni stani-
ce je navrZena jako jednolodni raZend, s ostrovnim néstupi$t€ém 37 m
pod trovni terénu. Osova vzdalenost koleji ve stanici je 14,7 m. Na
stanici ve sméru ke stanici Motol navazuje jedna obratovd kolej umis-
ténd v jednokolejném tunelu mezi obéma tratovymi tunely. V miste,
kde konéfi, jsou vSechny tfi tunely propojeny a do strany je vyraZena
Stola se strojovnou hlavniho vétrani zakonéend vétraci Sachtou. Jizni
Cast ndstupisté je bezbariérové propojena s povrchem dvéma vytahy
a dnikovym schodi§tém umisténym ve spole¢né svislé Sachté
s povrchovym vstupnim objektem. Vystup ze severniho konce stani-
ce do vestibulu je navrZzen pomoci trojice eskaldtora v raZeném eska-
latorovém tunelu. Na vestibul navazuje podchod v prostoru kriZovat-
ky ulic Na Petfindch a Brunclikova.

Za stanici se trasa obloukem std¢i k severovychodu a soucasné
klesd do stanice Veleslavin. Maximalni podélny spad v useku je
38,7 %o. Razené jednokolejné tunely s propojkami maji délku cca
1070 m a budou raZené razicimi mechanismy.

Stanice Veleslavin

Stanice Veleslavin se stfedem priblizné pod ulici Evropskou je situ-
ovdna v prostoru mezi nyn&jii trati CD a vychodnim tsekem ulice
K Cervenému vrchu. Stanice je navrzena jako mélce razend trojlodni,
s ostrovnim ndstupi§tém 19 m pod terénem. Osovd vzdélenost koleji
je 15 m. Zépadni Eelo ndstupisté sousedi s hloubenym objektem, kte-
rym je vedena trojice eskaldtort a vytah do podpovrchového vestibu-
lu. Poloha stanice, vestibulu a jednotlivych vystupu je navrZena tak,
aby umoZnovala pfimé vazby na doCasny autobusovy terminal,
k tramvajovym zastdvkdm na ulici Evropskd a zdroven bez nutnosti
prestavby v pfedstihu reagovala na predpoklddanou modernizaci trat€
CD véetné stanice rychlodrdhy. Na vychodni konec ndstupi$té nava-
zuje technologicka ¢ast stanice. Zde je také umisténo tnikové scho-
diste ze stanice, které tsti do dnikové Stoly leZici nad stanici. Na tuto
Stolu navazuje Sachta s pevnym schodi$tém az na terén.

Dile pokraCuje trasa dvéma razenymi jednokolejnymi tunely délky
cca 800 m do stanice Cerveny vrch, provadénymi pomoci razicich
mechanismu. Asi 150 m za stanici jsou raZené tratové tunely preruse-
ny cca 50 m dlouhym hloubenym objektem, ktery obsahuje strojovnu
vzduchotechniky s vétraci Sachtou umisténou mezi dva jednokolejné
tratové tunely. V dseku jsou opét navrzeny vzduchotechnické propoj-
ky. Maximdlni spad v dseku je 35 %o.

Stanice Cerveny vrch
Stanice Cerveny vrch je situovana pod ulici Evropskou a je navrze-
na jako raZend jednolodni, s jednim hloubenym vestibulem. Hloubka

Obr. 5 Stanice Veleslavin
Fig. 5 Veleslavin Station

Obr. 4 Stanice Petriny
Fig. 4 Petriny Station

equipment assembly shaft (TBMs). In addition, the interstation sec-
tion contains a mined gallery, housing the ventilation plant and
a ventilation shaft; these structures will be constructed by the
NATM.

Petfiny Station

Petfiny Station is located under Brunclikova Street. The station
itself is designed as a single-span mined structure with an interme-
diate platform found 37m under the surface level. The track centre
distance in the station is 14.7 m. There is a single-rail tunnel bet-
ween the running tunnels containing one headshunt track, which
leads from beyond the Petfiny Station toward Motol Station. All of
the three tunnels are interconnected at the point in which they ter-
minate and a gallery housing the main ventilation plant is driven to
a side. The gallery is terminated by a ventilation shaft. The southern
part of the platform is connected with a surface entrance structure
in a barrier-free way, by two lifts and via an escape staircase, which
are located in a common vertical shaft. The exit from the northern
end of the station to the concourse is designed to comprise a bank
of three escalators installed in a mined escalator tunnel.
A pedestrian subway is connected to the concourse in the area of
the intersection between Na Petfindch and Brunclikova Streets.

Beyond the station the alignment turns north-east and descends
to Veleslavin Station, at the maximum gradient of 38.7 %o in this
section. The length of the mined single-rail tunnels with cross pas-
sages is about 1070m; they will be driven by tunnel boring machi-
nes.

Veleslavin Station

Veleslavin Station, with its centre roughly under Evropska Street,
is located in the space between an existing Czech Railways’ track
and the eastern section of K Cervenému Vrchu Street. The station
is designed as a near surface, three-span mined structure with an
intermediate platform found at the depth of 19m under the surface.
The track centre distance is 15.0m. The western end of the platform
neighbours with a cut and cover structure housing a bank of three
escalators and a lift to the underground concourse. The locations of
the station, concourse and individual exits are designed in a way
making direct connection to a temporary bus terminal and tram
stops in Evropskd Street possible. At the same time, the design res-
ponded in advance to the expected upgrading of the existing Czech
Railways’ line and a high-speed railway station, requiring no sub-
sequent reconstruction. There is the services part of the station at
the eastern end of the platform. The staircase for escaping from the
station is also in this location. It leads to an escape gallery found
above the station. This gallery is connected to a shaft by a fixed sta-
ircase leading to the surface.

Further on the route continues through two about 800m long
single-rail tunnels to Cerveny Vrch Station, which will be driven by
TBMs. Approximately 150m beyond the station, the mined running
tunnels are interrupted by a ca 50m long cut and cover structure,
which houses the ventilation plant with a ventilation shaft, which is
located between two single-rail running tunnels. Again, ventilation
cross passages are designed for the section. The maximum gradient
within the section amounts to 35 %o.




Obr. 6 Stanice Cerveny vrch
Fig. 6 Cerveny Vrch Station

ostrovniho ndstupisté pod terénem ve stredu stanice je 27 m. Osova
vzdalenost koleji je 13 m. Zapadni strana stanice bude vyhrazena pro
technologickou &ést a z této strany je napojena pristupova §tola, kterd
bude v definitivu ¢aste¢né vyuzita pro strojovnu vzduchotechniky
doplnénou vétraci Sachtou.

Vestibul, pristupny z vychodniho &ela stanice pomoci trojice eska-
ldtoru, je situovédn do kiizovatky s Horomérickou ulici, s vazbou na
uvaZovany maly termindl méstskych a pfiméstskych linek autobusové
dopravy. Na vestibul navazuje podchod pod ulici Evropskou, ktery
umoznuje také pfimy prestup na tramvajovou trat'vedenou touto ulici.

Zapadni ¢ést nastupiSte je bezbariérove propojena s povrchem dvo-
jici osobnich vytahu s dnikovym schodi§tém, které jsou umistény ve
spole¢né svislé Sachté. Vytahy jsou zadstény do podchodu pod
Evropskou ulici v blizkosti ulic Arabskd a Kamerunskd.

Za stanici Cerveny vrch pokraGuje trasa metra pod Evropskou ulici
dvéma jednokolejnymi raZzenymi tratovymi tunely délky 1760 m usti-
cimi do prostoru odstavnych koleji soucasné koncové stanice
Dejvickd. Tratové tunely jsou opatfeny vzduchotechnickymi propoj-
kami a klesaji v maximdlnim sklonu 39,5 %o smérem ke stanici
Dejvickd. V dseku je navrzen spoleny hloubeny objekt pro ménirnu
a pro strojovnu vzduchotechniky s vétraci Sachtou. Objekt je umistén
na okraji parku a s trasou je propojen dvéma raZzenymi Stolami.

VYBER TECHNOLOGIE RAZBY TRATOVYCH TUNELU

V poslednich letech byla pfi vystavbé novych raZenych dseku praz-
ského metra pouzivdna témér vyhradné Nové rakouskd tunelovaci
metoda (NRTM) s vyuZitim trhacich praci nebo s mechanizovanym
rozpojovanim horniny.

S ohledem na relativné velkou celkovou délku nového tseku
6,12 km a dals{ faktory popsané niZe, byla pro razbu jednokolejnych
tratovych tuneld v souladu s celosvétovym trendem navrZena
v prevdzném rozsahu razba pomoci modernich tunelovacich stroju.
Stani¢ni tunely, dvoukolejné tratové tunely a ostatni razené objekty
budou realizovany technologii NRTM.

Hlavnim kritériem pro vybér technologie razby tratovych dseku
byla snaha o minimalizaci poklest terénu nad raZenymi tunely. Razba
v danych geologickych podminkach pod povrchovou zastavbou, fre-
kventovanymi komunikacemi s fadou inZenyrskych siti a v nékterych
dsecich i tramvajovymi tratémi by byla technologii NRTM moZn4 jen
s obtizemi. Pro omezeni deformaci nadloZi by bylo tfeba provadet
doplnujici opatienti, jako je napriklad vertikdlni ¢lenéni vyrubu, kot-
veni Celby apod. Tato opatfeni vyrazné zpomaluji stavebni postupy,
zvy3uji ndklady, a presto nelze dosdhnout poklest dosahovanych pfi
razbé tunelovacimi stroji v obdobnych podminkéch. Proto je razba
pomoci NRTM navrZena jen v mistech, kde je to nezbytné nutné.
Jednd se o &asti tratovych dseka u stanice Motol, kterd md bo&ni
néstupisté. Zde budou realizovdny dvoukolejné tratové tunely. Pri eta-
povité vystavbé této trasy metra bude dvoukolejny tratovy dsek za sta-
nici Motol vyuZivan dofasné pro obraty vlaku metra.

GEOLOGICKE POMERY

Predkvartérni podklad zdjmového tzemi buduji horniny barrandi-
enského star§iho paleozoika (ordovik — silur), zastoupené prevazné
bridlicemi, piskovci, prachovci a drobami, misty s polohami kfemen-
ct. Minoritné jsou také zastoupeny horniny ordovického vulkanismu,
tvorené prevazné bazaltovymi tufy a tufity a bazaltovymi aglomeraty.
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Cerveny Vrch Station

Cerveny Vrch Station is located under Evropskd Street. It is
designed as a mined, single-span structure with one cut and cover
concourse. The depth of the intermediate platform under the surfa-
ce, at its centre, is 27m. The track centre distance is 13.0 m. The
western side of the station will be assigned for services. An access
gallery, which will be in the final state partially used for the venti-
lation plant with a ventilation shaft, will be connected from the
western side.

The concourse, which is accessible from the eastern end of the
station via a bank of three escalators, is located in the intersection
with Horomérickd Street, with a connection to a small terminal for
city bus and suburban bus lines, which is under planning.
A pedestrian subway under Evropskd Street is connected to the con-
course. It allows even direct transfer to the existing tram line run-
ning along this street.

The western part of the platform is connected in a barrier-free
way with the surface by a pair of passenger lifts and an escape sta-
ircase, which are installed in a common vertical shaft. The lifts lead
to a pedestrian subway under Evropskd Street in the proximity of
Arabskd and Kamerunskd Streets.

Behind Cerveny Vrch Station the metro route continues under
Evropskd Street via two 1760m long, mined single-rail running tun-
nels, ending in the space of the stabling tracks which are part of the
current Dejvickd terminal station. The running tunnels are provided
with ventilation cross passages; they descend at the maximum gra-
dient of 39,5 %o toward Dejvickd Station. A common cut and cover
structure for a converter station and the ventilation plant with
a ventilation shaft is designed to be built in this section. The struc-
ture is located at the edge of a park; it is connected to the route by
two mined galleries.

SELECTION OF TUNNELLING TECHNIQUE
FOR RUNNING TUNNELS

In recent years the New Austrian Tunnelling Method (NATM)
with the ground disintegration by drill and blast or mechanically
has been nearly the only method used during the construction of
new sections of Prague metro.

With respect to the relatively great overall length of the new sec-
tion (6.12km) and other below-mentioned factors, the excavation
by modern tunnelling machines (TMs) has been designed for major
part of single-rail running tunnels, in line with the worldwide trend.
The station tunnels, double-rail running tunnels and the other
mined structures will be constructed by the NATM technique.

The main criterion for the selection of the technique for driving
running tunnels was the effort to minimise settlement of the surfa-
ce above the mined tunnels. Driving tunnels by the NATM through
the given geology, under existing buildings, busy roads with nume-
rous utility services buried under their surface and even tram lines
within some route sections, would be possible only with difficulti-
es. Reducing deformations of the overburden would require imple-
mentation of additional measures, for example dividing the excava-
tion face into side drifts and a central pillar and anchoring of the
face. However, even these measures significantly reduce advance
rates and increase costs. In addition, despite the measures, the sett-
lement values achievable when TMs are used in similar conditions
cannot be achieved. This is why the NATM excavation is designed
only for locations where it is necessary, i.e. in parts of running tun-
nel section at Motol Station, which has side platforms. There will
be double-rail tunnels there. During the construction of this metro
line, which is divided into stages, the double-rail section behind
Motol Station will be temporarily used for turning back metro tra-
ins.

GEOLOGICAL CONDITIONS

The Pre-Quaternary bedrock within the area of operations con-
sists of Early Palaeozoic rocks of the Barrandian unit, which are
first of all represented by shales, sandstone, siltstone and greywac-
ke, locally with the occurrence of quartzite layers. There is also
a minor proportion of rocks resulting from Ordovician volcanism,
comprising mostly basalt tuffs, tuffites and basaltic agglomerates.
The Palaeozoic rocks are folded, generally dipping SE at 30-60°.
The Ordovician period is represented by series of layers which are
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Paleozoické horniny jsou zvrasnéné, s generelnim dklonem vrstev
mezi 30-60° smérem k JV. Ordovik je zastoupen souvrstvimi charak-
teristickymi pro prazskou geologii — souvrstvi §drecké, dobrotivské,
libenské, letenské, vinické, zdhoranské, bohdalecké, krdalodvorské
a kosovské. V okol{ stanice Motol vystupuje zpod kridy literiské sou-
vrstvi siluru.

Dalsi horniny predkvartérniho podkladu jsou mesozoického stdri
a ndlezi k svrchni kiide, konkrétné se jednd o souvrstvi perucké, kory-
canské a bélohorské. Tyto horniny jsou zastoupeny jily a jilovci
s uhelnym pigmentem, piskovci, slepenci a ve svrchnich partiich sli-
novci. Kridové horniny jsou generelné subhorizontdlné uloZeny
a spoCivaji diskordantné na podloZnich paleozoickych hornindch.

Kvartérni pokryv predstavuji zejména deluvidlni, deluviofluvidln{,
eolické a fluvidlni terasové sedimenty. V trase stavby byly zjistény
rovnéZ uloZeniny antropogenniho pavodu.

Z hlavnich tektonickych linif se v hornindch ordoviku a siluru
uplatiiuje okrajovy podélny zlom, ktery patii k prazskému zlomové-
mu pdsmu a objevuje se v blizkosti trasy ve svahu v prostoru stanice
Motol. Druhou vyznacnou tektonickou linif je Sarecky zlom, ktery
prochézi severné od stanice Veleslavin, cca 150 metru od trasy.

Z hydrogeologického hlediska je proterozoikum a paleozoikum
prostfedim s omezenou puklinovou propustnosti a v rozlozeném skal-
nim masivu i omezenou prulinovou propustnosti, v obou pripadech
s velmi nizkou vydatnosti podzemnich vod. Ve svrchni kiidé je nutné
pocitat s oddélenymi zvodnémi jednotlivych souvrstvi s pfevdzné
puklinovou az pralino-puklinovou propustnosti. Zvodnéni kvartér-
nich pokryvu je vdzéno predev§im na ddolni fluvidlni sedimenty, kde
hladina podzemni vody komunikuje s vodami ve vodotecich.
Periodické zvodnéni 1ze ofekdvat i v deluviofluvidlnich sedimentech.

TECHNICKE RESENI RAZENYCH STANIC

Ze tif navrhovanych raZenych stanic jsou dvé stanice (Cerveny vrch
a Petfiny) hluboko uloZené razené jednolodni stanice. Vyska nadloZi
nad klenbou stani¢nich tuneli se pohybuje od 15 m do 29 m.
Zbyvajici stanice Veleslavin je navrZena jako trojlodni raZend stanice
s relativné malym nadloZim.

Kaverny jednolodnich stani¢nich tuneld s $ifkou 22 m u stanice
Petfiny, 20,3 m u stanice éerveny vrch a s vySkou 154 m budou raze-
ny technologii NRTM za pouZiti trhacich praci. Pfedpokladd se jak
horizontalni, tak i vertikdlni ¢lenéni vyrubu s primarnim zajiSténim
stfikanym betonem v kombinaci s kotvenim. V prvni fdzi budou vyra-
Zeny a primdrné zajiStény oba bo¢ni vyruby, které budou jesté hori-
zontdlné Elenény. Déle bude vyraZena a primdrné zajiSténa stredni
&ast vyrubu, kterd bude opét horizontédln€ ¢lenéna a jeji klenba bude
opfena o klenbu bo¢nich vyrubu. Velikosti jednotlivych dil¢ich vyru-
bu budou pfizpisobeny nasazené mechanizaci tak, aby byla zajisténa
maximdlni mozZnd rychlost vystavby. Po primdrnim zajisténi celého
stani¢niho profilu bude provedena mezilehld féliovd hydroizolace
a nakonec bude provedeno sekundarni Zelezobetonové osténi.
NavrZend trida betonu definitivniho osténi je C 30/37.

Obr. 7 Razba jednolodni stanice
Fig. 7 The single-span station tunnel excavation sequence

distinctive of Prague geology, namely the Sarka, Dobrotiv, Liberi,
Letnd, Vinice, Zdhorany, Bohdalec, Krdlav Dvur and Kosov
Members. The Silurian Liten Member rises up from under the
Cretaceous mass.

Other Pre-Quaternary rocks forming the bedrock are of the
Mesozoic age. They belong to the Upper Cretaceous formation,
namely the Peruc, Korycany and Bild Hora Members. These rocks
are represented by clays and claystone pigmented by coal, sandsto-
ne, agglomerates and, in the upper parts, marlstone. The Cretaceous
rocks are in general deposited sub-horizontally, resting discordant-
ly on the underlying Palaeozoic rocks.

The Quaternary cover is represented, above all, by deluvial, delu-
viofluvial, Aeolian and fluvial terrace sediments. Anthropogenic
fills were also identified along the metro extension route.

A boundary strike slip fault belonging to the Prague Fault Zone
is the principal tectonic line which exists within the Ordovician and
Silurian rock formations, in the vicinity of the route, in a slope in
the Motol Station area. The other significant tectonic line is the
Sérka Fault, which runs north of Veleslavin Station, at the distance
of about 150m from the route.

From the hydrogeological point of view, the Proterozoic and
Palaeozoic formations provide an environment with limited fissure
permeability and, in decomposed rock mass, even limited interstiti-
al permeability. In both cases the groundwater discharge is very
low. In the Upper Cretaceous formation it will be necessary to take
into account the isolated aquifers existing in individual geological
members, featuring mainly fissure to interstitial-fissure permeabili-
ty. The saturation of the Quaternary cover is bound above all to val-
ley fills (fluvial), where the water table communicates with water
in streams. Periodical saturation with water can be expected even in
deluviofluvial sediments.

TECHNICAL SOLUTION FOR MINED STATIONS

Of the three mined stations being designed, 2 stations (Cerveny
Vrch and Petfiny) are deep seated, mined, single-span structures.
The height of overburden above the vaults of the station tunnels
vary from 15m to 29m. The remaining station, Veleslavin, is desig-
ned as a three-span structure, with relatively shallow overburden.

The 15.4m high caverns for the single-span Petfiny and Cerveny
Vrch stations will be 22.0 and 20.3m wide, respectively. They will
be driven by the NATM, using the drill and blast. It is expected that
the excavation sequence will be combined, using both the sidewall
drifts with a central pillar system (the so-called vertical sequence)
and top heading, bench and invert system (the so-called horizontal
sequence). The primary support will consist of shotcrete combined
with anchoring. In the initial phase, both sidewall drifts will be
excavated and provided with the primary support (the drifts will be
horizontally sub-divided). Then the middle part of the tunnel will
be excavated and provided with the primary support (again, the
excavation will be divided horizontally). The vault over this exca-
vation will be supported by vaults of the sidewall drifts.
Dimensions of the individual partial headings will be accommoda-
ted to the equipment used so that the maximum possible construc-
tion advance rate is secured. When the whole profile of the station
tunnel is provided with the primary lining, the intermediate
waterproofing membrane will be installed and, finally, the secon-
dary reinforced concrete lining will be erected using C 30/37 grade
concrete.

As far as the three-span station, with the width of 22.1m and
the height of the highest middle tunnel of 10m, is concerned, the
NATM technique with the drill and blast is again designed. Taking
into consideration the small height of the overburden, it is con-
ceptually assumed that first the 9.5m wide by 8.5m high sidewall
drifts will be driven and provided with primary support. The hori-
zontal excavation sequence (top heading, bench, invert) will be
applied; the sequence will be switched to the vertical one (side-
wall drifts and a central pillar) in the cases of deteriorated geolo-
gy or existence of settlement-sensitive utility networks in the tun-
nel overburden. The intermediate waterproofing membrane and
final cast-in-situ reinforced concrete lining of the station’s side
tunnels will be installed in these initial headings, including longi-
tudinal rows of columns supporting the vaults of the tunnels, both
the station’s side tunnels and the central tunnel, which will be dri-
ven subsequently. Continuous, longitudinal structural dividing
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walls are designed instead of the rows of
columns for equipment sections of stations.
When the final reinforced concrete lining of
the side station tunnels is complete, the central
station tunnel will be driven using the top hea-
ding — bench — invert sequence. Then the inter-
mediate waterproofing will be installed and the
final reinforced concrete lining will be cast in
the central part of the station. The concrete
grade designed for the final lining and the
columns and beams are C 30/37 and SCC
40/50, respectively.

The other mined parts of the station, such
as escalator tunnels, lift shafts, ventilation
shafts and galleries, will be driven by the
NATM, using the top heading-bench-invert
sequence if necessary. Again, the lining will

be a double-shell structure with the primary

Obr. 8 Trojlodni raZend stanice
Fig. 8 The three-span mined station

P

U razené trojlodni stanice celkové Sitky 22,1 m a vysku nejvyssi-
ho stfedniho tunelu 10 m je uvazovdna opét razba technologii NRTM
za pouziti trhacich praci. S ohledem na malou vysku nadloZi se kon-
cepné predpoklddd nejprve razba boc¢nich vyrubu Sitky 9,5 m
a vysky 8.5 m, zajisténych primarnim osténim. Clenéni vyrubu bude
horizontalni, v pfipadé zhorSenych geologickych podminek nebo
vyskytu inZenyrskych siti v nadloZi tunelu, citlivych na poklesy, se
prejde na Elenéni vertikdlni. V téchto prvotnich vyrubech se provede
mezilehld f6liova hydroizolace a definitivni monolitické Zelezobeto-
nové osténi bo¢nich stani¢nich tuneltl vEetné podélnych tad sloupu,
tvoricich podpory kleneb bo¢nich stani¢nich i ndsledné realizovaného
stiedniho stani¢niho tunelu. V technologickych &astech stanic jsou
misto fad sloupt navrZeny pribézné podélné nosné délici stény. Po
dokonceni definitivniho Zelezobetonového osténi bo¢nich stani¢nich
tuneld bude provddéna razba stfedniho tunelu s horizontdlnim ¢lené-
nim vyrubu. Poté bude provedena mezilehld hydroizolace
a vybetonovéno definitivni Zelezobetonové osténi stiedni ¢dsti stani-
ce. NavrZend tfida betonu definitivniho osténi je C 30/37, pilite
a pruvlaky jsou navrZeny z betonu SCC 40/50.

Ostatni razené Casti stanic, jako jsou eskaldtorové tunely, vytahové
Sachty, vétraci Sachty a Stoly, budou razeny pomoci NRTM
s pripadnym horizontdlnim ¢lenénim vyrubu. Konstrukce osténi bude
opét dvoupldstova s primdrnim osténim ze stitkaného betonu, mezi-
lehlou hydroizolaci a Zelezobetonovym sekunddrnim osténim.

TECHNICKE RESENI TRATOVYCH TUNELU

LN 2 Xz

Prevaznd ést razenych mezistani¢nich dseku je navrZena jako jed-
nokolejné tunely raZené pomoci tunelovacich stroju. V okoli stanice
Motol budou vybudovany dvoukolejné tratové tunely razené techno-
logii NRTM.

Razba provadénd vhodnym typem tunelovaciho stroje zaruCuje
v proménlivych geologickych podminkéch a zejména v tdsecich pod
povrchovou zdstavbou minimélni deformace terénu a zdroven velkou
rychlost razby. Pro tento projekt je uvazovdno nasazeni zeminovych
§titt EPB (Earth Pressure Balance), které jsou schopny razit ve
zcela poruSenych hornindch a v mékkych hornindch charakteru zemin
v modu s plnou podporou Cela. Soucasné lze stroje béhem kratkého
Casu upravit pro razbu v modu s ¢dstecnou podporou ¢ela nebo razbu
bez podpory Cela, které jsou vhodnéjsi pro pevné skalni horniny
a umoznuje rychlejsi postupy razby.

Jednokolejny tunel je navrZzen jako kruhovy s vnitinim prumérem
5,3 m. Osténi je jednoplastové z prefabrikovanych Zelezobetonovych
dilcu (tybinka) tloustky 250 mm z vodotésného betonu. Prstence $itky
1400 mm sestavaji ze 6 dilcu (5 + 1). ProtoZe provadét pii této tech-
nologii hydroizolaci na rubové strané neni mozné, coZ je u staveb
metra pozadovano jako ochrana proti bludnym proudum, je tento poZa-
davek splnén zvySenou kvalitou betonu. Minimdlni tfida betonu bude
C 35/45 pri dodrZeni maximalniho prusaku do 30 mm. Jednotlivé seg-
menty budou po obvodu opatieny t€snénim, které zajisti vodonepro-
pustnost spar. MontaZ prstenct osténi se provadi pod ochranou $titu
a pri posunu se §tit opird o Celo predchoziho jiz hotového prstence

lining in shotcrete and secondary lining in
reinforced concrete, with a waterproofing sys-
tem between them.

TECHNICAL SOLUTION FOR RUNNING TUNNELS

The major part of the mined running tunnels between stations is
designed as TM driven, single-rail structures. Two double-rail tun-
nels in the vicinity of Motol Station will be driven by the NATM.

The tunnel excavation by a proper type of a TM guarantees mini-
mum deformations of surface and high advance rates of excavati-
on when driving through variable geological environment, especi-
ally within sections passing under existing buildings. The design
assumes that Earth Pressure Balance Shield will be used for this
project. They are capable of driving through totally broken rocks
and soft ground characterised as soils when they are in the EPB
mode. At the same time, the machines can be modified within
a short time to the mode allowing driving with partial face support
or even the open face mode, which is more suitable for hard rock
and allows faster driving.

The single-rail running tunnel is designed as a circular cross
section structure with the inner diameter of 5.3m. The lining has
a single shell consisting of 250mm thick precast reinforced conc-
rete segments (water retaining concrete). One lining ring is
1400mm wide and consists of 6 segments. Because this technique
does not allow the installation of waterproofing on the external
side of the lining, which is required as the protection of metro
structures against stray currents, this requirement is coped with by
increasing quality of concrete. Concrete grade C35/45 will be the
minimum, with the maximum seeping depth of 30mm. Individual

k
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Obr. 9 Jednokolejny tratovy tunel
Fig. 9 Single-rail running tunnel



18. rocnik - €. 3/2009

osténi tunelu. Pro minimalizaci deformaci v nadloZ{ tunelu je nutné
provddét okamzité vypln prostoru mezi rubem nové smontovaného
prstence osténi a licem vyrubu. Vhodné zvolend technologie vypliio-
vé injektdZe je zarukou minimalizace poklesu zéstavby.

Jednokolejné tratové tunely budou po celé trase v intervalech maxi-
mdlné 200 m propojeny vzduchotechnickymi propojkami podkovovi-
tého profilu §itky 4,7 m a vysky 5,4 m s délkou cca 12 m, které sni-
Zuji pistovy ucinek projizdéjicich souprav metra. Soucasné slouZi pro
moznou evakuaci osob a zdsah zdchrannych jednotek. V pripadé
detekce pozaru budou propojky automaticky uzavieny pomoci proti-
pozarnich vrat, ve kterych je dvojice protipozdrnich dvefi pro dnik
0osob obéma sméry. Propojky budou s dvoupldstovym osténim
a mezilehlou féliovou hydroizolaci.

Razba dvoukolejnych tratovych tunelt tvaru plochého ovalu je
navrzena podle zdsad technologie NRTM, pri pouZiti trhacich praci.
Predpoklddd se horizontdlni ¢lenéni vyrubu. Podle geologickych pod-
kladu se ofekavd razba v technologickych triddch 3, 4, 5a, 5b a 5c¢.
Témto jednotlivym tfiddm odpovidaji vystrojovaci prostredky
a tloustky primdrniho osténi. Zédkladn{ profil je navrZzen pro osovou
vzddlenost koleji (0. v.) 3,7 m a m4 $itku 10,3 m a vysku 7,6 m. Pro
useky, kde dochdzi k postupnému zvétSovani osové vzdalenosti kole-
ji (pfechod na dva jednokolejné tunely), byly navrZeny dalsi zvétSené
profily dvoukolejného tunelu: 0. v. 39 m, 0. v.45 m, 0. v. 50 m
0.v.58mao.v.6,5m.V téchto tsecich potom dochdzi vzdy ke zvét-
Sen{ profilu tunelu skokem. Ostén{ tunelu je navrZzeno jako dvouplds-
tové s uzavienou mezilehlou f6liovou hydroizolaci. Vnéjsi primarni
osténi je ze stiikaného betonu, vnitini osténi je z monolitického Zele-
zobetonu. NavrzZena tfida betonu definitivniho osténi je C 25/30.

Ostatni raZené &4sti tratovych dsekd, jako jsou vétraci Sachty
a Stoly, strojovny vétrani, odvodiovaci §tola a Sachta, pristupové Stoly
a demontdzni komory $titu s pfistupovym tunelem u stanice Dejvicka,
budou razeny rovnéZ podle zdsad NRTM s piipadnym ¢lenénim vyru-
bu a pouzitim dal§ich zajiStovacich prostiedku. V misté zahdjeni razeb
bude pristropi zajiStovdno mikropilotovymi deStniky, pfi razbé
v zemindch pod hladinou podzemni vody se predpokladd zajisténi
pomoci prekryvajicich se véjiti tryskové injektdZe. Osténi trvalych
konstrukei bude opét dvoupldstové s primdrnim osténim ze strikané-
ho betonu, mezilehlou hydroizolaci a Zelezobetonovym sekundarnim
osténim. U vSech docCasnych konstrukei, jako jsou pristupové Stoly,
bude vybudovdno pouze primdrni osténi a zbyly prostor bude po
ukoncenf funkce dila zaplnén popilkobetonem.

POSTUPY PROVADENI TRATOVYCH TUNELU

Vystavba dvoukolejnych tratovych tuneld v okoli stanice Motol,
provadénych technologii NRTM, bude probihat ze dvou rozsdhlych
staveni$t'smérem ke stanici. Prvni staveni§té pobliZ ulice Kukulovy je
na konci tunelu pro obratové koleje a bude pozdéji vyuZito pro razbu
navazujicich provoznich dseka trasy VIA a VIIA. Druhé stavenisté se
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Obr. 10 Dvoukolejny tratbvy tunel
Fig. 10 Double-rail running tunnel

segments will be fully gasketed to provide waterproof joints. The
lining rings are assembled under the protection of the shield.
Propulsion of the TBM is by pushing from the front end of the pre-
vious completed tunnel lining ring. To minimise deformations in
the tunnel overburden, it is necessary to immediately backfill the
annulus between the external surface of the newly erected lining
ring and the inner surface of the excavation. The properly chosen
method of backgrouting guarantees that the settlement of existing
buildings is minimised.

The single-rail running tunnels will be interconnected throug-
hout the route length at maximum intervals of 200m by about 12m
long ventilation cross passages (horseshoe shaped profiles, 4.7m
wide, 5.4m high), which reduce the piston effect of passing metro
trains. At the same time, they allow evacuation of people and inter-
vention of rescue units. In the case of a fire, the cross passages will
be automatically closed by fire protection gates with a fire-check
door allowing escaping of persons in both directions. The cross
passages will have a double-shell lining with intermediate waterp-
roofing membranes.

The excavation of the horizontally elongated oval cross section
double-rail running tunnels is designed according to the NATM
principles, using the drill and blast. The top heading, bench and
invert excavation sequence is expected. The excavation support
classes 3, 4, 5a, 5b and 5c are anticipated on the basis of geologi-
cal survey data. The means of support and thickness of the prima-
ry lining correspond to the support classes. The basic cross section
is designed for the track centre distance (TCD) of 3.7m; it is 10.3m
wide by 7.6m high. Other enlarged profiles were designed for the
sections where the track centre distance increases (transition to
two single-rail tunnels): 3.9m TCD, 4.5m TCD, 5.0m TCD, 5.8m
TCD and 6.5m TCD. Enlarging of the tunnel profile within these
sections is carried out by jump. The tunnel lining is designed as
a double-shell structure with a closed intermediate waterproofing
membrane system. The outer primary lining is in shotcrete, while
the inner lining is in cast-in-situ reinforced concrete. The C 25/30
concrete grade is designed for the final lining.

The other mined parts of the track sections, such as ventilation
shafts and galleries, ventilation plants, a drainage gallery and
shaft, access adits and shield dismantling chambers with an access
tunnel near Dejvickd Station, will be driven by the NATM. The
excavation face will be divided and means of support applied as
required. At the beginning, the top heading will be protected by
canopy tube pre-support; a support system comprising overlapping
jet grouted fans is expected to be applied while driving through
soils under the water table. The lining of the permanent structures
will consist of two shells: a shotcrete primary lining, intermediate
waterproofing membrane and a reinforced concrete secondary
lining. All temporary structures, such as access adits, will be pro-
vided only with a primary lining; the remaining space will be back-
filled with cinder concrete when the function of the working has
been terminated.

RUNNING TUNNELS — CONSTRUCTION PROCEDURES

The construction of double-rail running tunnels in the vicinity of
Motol Station, which are to be excavated by the NATM, will pro-
ceed from two large construction sites, in the direction of the sta-
tion. The first construction site, near Kukulova Street, is at the end
of the tunnel for headshunt tracks; it will be later used for the exca-
vation of adjacent operating sections, VI A and VII A. The other
site is near Na Vypichu Street. It will be used also for the EPBS
driving of the single-rail tunnels. The double-rail tunnel excavati-
on will start before the deployment of EPBS; part of the comple-
ted double-rail tunnels will be used as an assembly chamber.

The construction procedure for single-rail running tunnels assu-
mes that 2 tunnel boring machines will be deployed in the section
between Motol and Petfiny Stations, in the vicinity of the Vypich
road intersection. In this location the site facility allows high-capa-
city supplying with materials for the excavation of both tunnels,
simultaneously with the mucking out. Both EPBS will be lowered
one at a time down a circular construction pit (21.6m in diameter),
which will be sunk up to the depth of 33.1m. The shaft will allow
the tails of the EPBS to be shifted inside the assembly chamber
pre-excavated in the double-rail tunnel. The chamber is connected
with the surface via an access tunnel (7.1m wide and 6.6m high),



nachazi pobliZ ulice Na Vypichu a bude slouZit i pro razbu jednoko-
lejnych tuneld pomocf $titi. RaZba dvoukolejného tunelu zacne jes§té
pred nasazenim §titd a &ést hotovych dvoukolejnych tuneld bude vy-
uZzita jako montdzni komora.

Postup vystavby jednokolejnych tratovych tunelt pfedpokladd
nasazeni dvou razicich stroju v tratovém tseku mezi stanicemi Motol
a Petfiny v blizkosti kfiZovatky Vypich. Zarizen{ staveni§té zde umoz-
fiuje kapacitni zdsobovédni materidlem pro razbu obou tuneld
a soucasné odtéZovani vyrubané horniny. Oba Stity budou postupné
spoustény v hloubené kruhové stavebni jamé pruméru 21,6 m
a hloubky 33,1 m, s moznosti zasunuti zadni &dsti stroju do predem
vyrazené montdzni komory v mistech dvoukolejného tunelu. Komora
je spojend s povrchem pristupovou Stolou (Sitka 7,1 m a vyska 6,6 m)
s navazujici sjezdovou rampou. RaZba pomoci §titd bude provddéna
ve sméru ke stdvajici stanici metra Dejvickd. Po projeti stroju prosto-
rem stanice Petfiny, kde se pozdéji oba tunely postupné prebuduji na
jednolodni stanici, bude pokrafovat dpadni razba tratovych tunelu ke
stanici Veleslavin. V této tiflodni stanici se predpokladd v predstihu
vyraZeni obou bo¢nich vyrubu zajiSténych primarnim osténim tak,
aby mohly byt stroje stanici protaZeny a ddle pokracovaly ke stanici
Cerveny vrch.

Priblizné 150 m za stanici Veleslavin vjedou stroje do predem
vyhloubené stavebni jamy pudorysnych rozmért 51x31 m. Po projeti
obou razicich mechanismu touto jamou bude cely komplex obsluhy
stroje (odtéZovani rubaniny, sklddka Zelezobetonovych dilct, napoje-
ni na média atd.) prenesen k této stavebni jamé a dals{ raZba tratovych
tuneld bude zajisténa z tohoto mista. To umozni v priubéhu dal3i razby
tratovych tunelt zdroven pokrafovat v razb€ stanic Petfiny
a Veleslavin. Po protaZeni razicich strojii stanici Cerveny vrch, kterd
bude budovéna v predstihu z raZzeného pristupového tunelu s portdlem
u ulice Kladenské, bude pokrafovat razba tratovych tuneld az
k provozované stanici metra Dejvicka.

Oba §tity budou postupné rozebrdny v raZenych kruhovych demon-
taznich komordch priméru 9,4 m, které budou predem vyraZeny cca
50 m od konce odstavnych a obratovych koleji provozované stanice
Dejvickd. DemontdZzni komory budou se stanici propojeny dvéma jed-
nokolejnymi tratovymi tunely, které budou budovany pomoci NRTM.
Jednotlivé dily stroju budou premistény piistupovym tunelem do
23 m hluboké demontdzni Sachty pudorysnych rozmért 10 x 15 m,
odkud budou vytaZeny na povrch. NavrZeny profil pristupového tunel
o 8ifce 12,2 m a vysce 11,3 m umozni presunuti celého $titu (bez zave-
su) do Sachty bez potieby otdceni. Po ukondeni razeb se predpoklddd
dalsi nasazen{ razicich mechanismu na provoznim dseku trasy VIA ve
stavebni jamé za stanici Motol.

ZAVER

ProdlouZeni trasy A metra je rozsdhld komplexni liniovd stavba
v husté obydlené ¢dsti hlavniho mésta Prahy, pfi jejiz vystavbé bude
pouzita fada ruznych technologii. Razit se bude jak NRTM, tak pomo-
ci zeminovych §titd, coZ predstavuje prvni pouZiti tohoto typu tunelo-
vacich strojii pro dopravni tunely v Ceské republice. Razby budou
probihat Casto v obtiznych geologickych podminkéch, pod povrcho-
vou zéstavbou, frekventovanymi komunikacemi s fadou inZenyrskych
siti a v nékterych dsecich i pfimo pod tramvajovymi tratémi. Stavba
zahrnuje prostorné stanice, dlouhé tratové tunely i na né napojené pro-
vozni podzemni objekty.

Navrh technického feSeni nebyl jednoduchy. Hlavnim kritériem
byla snaha o minimalizaci poklest terénu nad raZenymi tunely
a zaroven snaha o co nejkratsi dobu vystavby. Z tohoto divodu byla
pro prevédznou &dst tratovych tuneld zvolena technologie razby pomo-
ci §titt. Celkovd koncepce razeb byla déle ovlivnéna nutnou koordi-
naci vystavby tratovych dseki s vystavbou jednotlivych stanic
a v neposledni fadé téZ polohami volnych ploch pro zafizeni stave-
nisté, jejichz vybér byl znacné omezeny.

Vystavba tiseku VA bude jisté velkou vyzvou pro vSechny, ktefi se
na realizaci této stavby budou podilet. Véfime, Ze viechny problémy,
které nastanou, budou tspé$né vyfeSeny a v roce 2014 bude novy
tsek predéan do uzivani v§em obyvatelim i nav§tévnikiim Prahy.
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which is connected to an access ramp. The EPBS driving will be
carried out in the direction of the existing metro station, Dejvicka.
When the EPBS pass through the space of Petfiny Station, in
which the two tunnels will be later rebuilt to the single-span stati-
on, they will proceed to drive running tunnels, downhill toward
Veleslavin Station. It is assumed that both sidewall drifts in this
three-span station will be excavated and provided with a primary
lining in advance so that the EPBS can be pulled through the stati-
on to proceed further toward Cerveny Vrch Station.

Approximately 150m beyond Veleslavin Station, the TBMs will
arrive at a pre-excavated construction pit with ground plan dimen-
sions of 51 x 31m. After both EPBS pass through this pit, the
whole TBM servicing complex (mucking out, storage of reinforced
concrete segments, utility services etc.) will be moved to the edge
of this construction pit; the further driving of running tunnels will
proceed from this location. Owing to this system it will be possib-
le during the course of further driving to continue at the same time
to excavate Petfiny and Veleslavin Stations. When the EPBS have
been pulled through Cerveny Vrch Station, which will be built in
advance from a mined access tunnel having its the portal near
Kladenska Street, the running tunnels will be driven further up to
the Dejvickd operating metro station.

Both EPBS will be gradually dismantled in mined, circular,
9.4m diameter dismantling chambers, which will be excavated at
the distance of about 50m from the end of the headshunt tracks in
the operating station Dejvickd. The dismantling chambers will be
connected with the station via two single-rail running tunnels,
which will be excavated by the NATM. Individual components of
the EPBS will be moved through the access tunnel to a 23m deep
dismantling shaft with ground plan dimensions of 10 x 15m, from
which they will be lifted to the surface. The 12.2m wide and 11.3m
high cross section which is designed for the access tunnel will
make shifting of the whole EPBS (without the trailing backup) to
the shaft without a need for turning it. It is expected that, when the
drives are finished, the EPBS will be further deployed on operating
section VI of the Line A, in the construction pit behind Motol
Station.

CONCLUSION

The metro Line A extension is a large, complex linear construc-
tion to be carried out within a densely populated part of the capi-
tal, Prague, during which many various technologies will be used.
The excavation will be performed by both the NATM and EPBS. It
will be the first use of this shield type for transport tunnels in the
Czech Republic. The excavation will often pass through difficult
geology, under existing buildings, busy roads with lots of utility
networks and, in some sections, even under tram lines. The project
comprises spacious stations, long running tunnels and operating
underground structures connecting to them.

The work on the design of means and methods was not simple.
The main criterion was the capability of minimising subsidence of
the surface above the mined tunnels and, at the same time, redu-
cing the construction time as much as possible. This is the reason
why EPBS excavation technique was chosen for the major part of
running tunnels. The overall concept of excavation was further
affected by the necessity for coordinating the construction of run-
ning tunnels with the construction of individual stations and, at last
but not least, even by the locations of free areas for site facilities.
The selection of the areas was very limited.

The construction of section V A will certainly be a great chal-
lenge for all of those who will participate in the implementation of
this project. We believe that all problems which will be encounte-
red will be successfully solved and, in 2014, the new section will
go into passenger service to satisfy all Prague residents and visi-
tors.
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