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RAZENE TUNELY NA PRODLOUZENI TRASY A METRA
MINED TUNNELS ON THE METRO LINE A EXTENSION

JAN KOREJCIK, JIRI RUZICKA

uvoD

Podrobny popis pokracovani trasy A prazského metra ze stdvajici
stanice Dejvickd na Letist¢ Ruzyné véetné smérového a vyskového
feSeni je ndplni ¢lanku ,ProdlouZeni trasy A metra na Letisté
Ruzyné* uvetejnéném rovnéz v tomto Cisle Casopisu Tunel. Je v ném
uvedeno umisténi jednotlivych stanic a jejich konstrukéni systém,
rozdéleni tratovych tunelu dle pouZité technologie vystavby, ¢lenéni
na jednokolejné a dvoukolejné dseky a vycet dalSich nezbytnych
technologickych objektu. Tento prispévek se soustiedi na celkovou
koncepci razeb a popis jednotlivych raZenych dseku trasy, které byly
zpracovany v dokumentaci pro uzemni rozhodnuti firmou
METROPROIJEKT Praha, a. s.

ZPUSOB VYSTAVBY

Prevazna Cast prodlouZeni trasy metra A je navrzena jako razend.
V mezistani¢nich tdsecich jsou jako hloubené navrzeny pouze sta-
vebni jamy, uréené pro zahdjeni a obsluhu raZeb tratovych tunelu
a ndsledné pro vystavbu hloubenych technologickych objektu spoje-
nych s konstrukci hloubenych tuneld. Z celkovych 8 navrhovanych
stanic jsou jako hloubené navrzeny pouze 2 — stanice Motol a stanice
Dédina.

Hlavnim duvodem pro tak velky rozsah raZenych tsekt je vedeni
trasy husté zastavénou oblasti severozdpadniho sektoru Prahy,
z velké ¢asti pod povrchovou zdstavbou nebo pod hlavnimi doprav-
nimi tepnami mésta, jako je naptiklad ulice Evropskd. Nedostatek
volného prostoru na povrchu terénu a problémy s dopravnimi ome-
zenimi neumoznuji pouZit technologii hloubeni ve vétSim rozsahu.

V nékolika nezastavénych dsecich znemoznuje hloubeni vyskové
feSeni trasy, kterou neni mozno vést mélce pod terénem. Omezen{
zpusobuje sloZitd morfologie terénu, vazba na nové budované stani-
ce modernizované Zelezni¢ni trat¢ Praha — Kladno a v neposledni
fadé i maximdln{ pripustny podélny sklon trasy metra 40 %eo.

Nespornou vyhodou raZené technologie je soustfedéni stavebni
Cinnosti pouze do prostoru zafizeni staveni§té. Omezeni zpusobend
stavbou, jako jsou doCasné zdbory véetné odstranéni zelené, nebo
zvySend hladina hluku, prasnosti a znecisténi okoli tak nemusi byt
v rozsahu celého stavebniho tseku. RaZeny zpusob vystavby je tak
Setrnéj8i k Zivotnimu prostiedi.

VYBER TECHNOLOGIE RAZBY TRATOVYCH TUNELU

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

S ohledem na relativné velkou celkovou délku nového tdseku
12,64 km a dals{ faktory popsané niZe, byla pro razbu tratovych tune-
14 v souladu s celosvétovym trendem navrZena v prevdZzném rozsahu
razba pomoci modernich tunelovacich stroji, souhrnné oznafova-
nych jako TBM (Tunnel Boring Machine). Stani¢ni tunely a ostatni
razené objekty budou realizovdny technologii NRTM.

Hlavnim kritériem pro vybér technologie razby tratovych tseku
byla snaha o minimalizaci poklest terénu nad raZenymi tunely.
Razba v danych geologickych podminkach pod povrchovou zastav-
bou, frekventovanymi komunikacemi s fadou inZenyrskych sit
a v nékterych tdsecich i tramvajovymi tratémi by byla technologif
NRTM moznd jen s obtiZzemi. Pro omezeni deformaci nadlozi by
bylo tieba provadét doplniujici opatieni, jako je napfiklad vertikdlni
¢lenéni vyrubu, kotveni Celby apod. To vyrazné zpomaluje stavebni
postupy, zvySuje néklady a presto nelze dosdhnout poklest dosaho-
vanych pii razbé TBM v obdobnych podminkéch. Proto je razba
pomoci NRTM navrZena jen v mistech, kde je to nezbytné nutné.
Jednd se o ¢asti tratovych dseku u stanice Motol, kterd md bo¢ni

INTRODUCTION

A detailed description of the Metro Line A route continuing from the exis-
ting Dejvicka station to the Ruzyné international airport, including the hori-
zontal and vertical alignment, is contained in this paper “Metro Line
A Extension to Ruzyné Airport”, which is also published in this issue of
Tunel magazine. The paper informs about locations of individual stations
and their structural systems, the division of running tunnels in terms of the
construction method to be used, the division into cut-and-cover and mined
sections and provides a summary of other necessary structures for equip-
ment and services. This paper is focused on the overall concept of the exca-
vation and the description of the individual mined sections of the route
which were incorporated into the design documentation for issuance of
zoning and planning decision by METROPROJEKT Praha a.s.

CONSTRUCTION PROCEDURE

The major part of the metro line A extension will be constructed by
mining methods. There will be only construction trenches in the interstation
sections, which will be used for the starting of the excavation of running tun-
nels and access to the headings; subsequently cut-and-cover structures for
equipment and the linking cut-and cover sections of the tunnels will be built
in the construction trenches. Only two of the 8 stations being designed will
be built as cut-and-cover structures, i.e. Motol Station and Dédina Station.

The main reason for such a large proportion of mined tunnels is the fact
that the route passes through a densely developed area of the north-western
sector of Prague, frequently under existing buildings or arterial roads such
as Evropska Street. The lack of free space on the ground surface and pro-
blems with traffic restrictions do not allow contractors to use cut-and-cover
techique to a larger extent.

The cut-and-cover technique cannot even be used in several open areas
because of the vertical alignment of the route, which cannot run at a shallow
depth under the surface. The reason is the complex morphology of the ter-
rain, relationships with the newly built stations on the railway line Prague —
Kladno, which being upgraded and, at last but not least, the maximum per-
missible longitudinal gradient of metro tracks of 40 %o.

Undisputable advantage of the mining option is the fact that construction
activities can be concentrated only in the area of the construction site.
Constraints affecting the construction, such as temporary occupation of land
including the cutting of trees and shrubs, the increased noise and dust level
and pollution of the construction surroundings do not have to exist throug-
hout the length of the whole construction section. The use of mining met-
hods is therefore more considerate to the environment.

SELECTION OF THE RUNNING TUNNEL EXCAVATION TECHNIQUE

In recent years, new mined sections of Prague Metro have been driven
nearly solely by the New Austrian Tunnelling Method (NTAM) combined
with the drill-and-blast technique or with mechanical rock/ground disinte-
gration.

Considering the relatively great overall length of the new section
(12.64km) and the other below-mentioned factors, the excavation using
tunnel boring machines (TBM) was selected for the majority of the running
tunnel excavation design, following the worldwide trend. The station tunnels
and other mined structures will be built using the NATM.

The main criterion for the selection of the excavation technique for the
running tunnels was an effort to minimise the settlement above the mined
tunnels. The excavation using the NATM would be possible only with diffi-
culties because of the geological conditions, the passage under existing buil-
dings and busy streets with many utility services, in some sections even car-
rying tram traffic. Deformations in the overburden could be restricted only
by means of additional measures such as vertical division of the excavation
face, anchoring of the face etc. Despite the fact that such measures signifi-
cantly reduce the advance rates and increase the costs, the low settlement
values achievable by the TBM technology in similar conditions cannot be
achieved. For that reason the NATM excavation is designed only for such
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nastupisté. Zde budou realizovdny dvoukolejné tratové tunely. Pri
etapovité vystavbé této trasy metra bude dvoukolejny tratovy tunel
u stanice Motol (smérem ke stanici Bild Hora) vyuZivdn do¢asné pro
obraty vlaku metra.

Druhym hlavnim kritériem byla rychlost vystavby, kterd uzce sou-
visi s kone¢nou cenou stavebniho dila. Je obecné zndmo, Ze kromé
ndkladu na stavebni materidly tvoi{ vyslednou cenu i poloZky zdvislé
na Case, pri¢emz jejich podil na celkové cené roste s rostouci dobou
vystavby. Naopak pri razbé pomoci TBM se s rostouci délkou razby
snizuje podil fixnich po¢dte¢nich vysokych nakladu na pofizeni stroje.

Celkovd koncepce ndvrhu raZeb tratovych tuneli pomoci TBM
byla ovlivnéna rovnéz vybérem vhodného volného prostoru pro zafi-
zen{ stavenisté, které je oproti razbé NRTM vétsi, protozZe je kumu-
lovéno na jediném mist€ pro del3i dsek trasy. Je to zpusobeno prede-
v§im nutnosti deponovat dostatecné mnozstvi Zelezobetonovych
tybinkd pro osténi novych tunelt, které zabiraji vét§i plochu neZ
mezideponie rubaniny. VétSina vhodnych pozemku je v soucasné
dobé zastavéna nebo neni ve vlastnictvi mésta a vybér ploch pro
mozné zafizeni staveni§té je znané omezen. Pfi ndvrhu postupu
razeb byla brdna v tdvahu i celkovd doba vystavby trasy metra.
Zaroven bylo tfeba vzdjemné koordinovat vystavbu tratovych tseku
s vystavbou jednotlivych stanic, tzn. jestli bude mozné vybudovat
stani¢ni tunely v predstihu pred raZbou tratovych tuneld, nebo bude
nutné nejprve vyrazit profil tratovych tuneli a ten nédsledné rozsifit
na profil stani¢ni.

GEOLOGICKE POMERY

V oblasti navrhovaného prodlouZeni trasy metra A je predkvartér-
ni podklad budovdn horninami svrchniho proterozoika, paleozoika
(ordoviku, siluru) a svrchni kiidy. Projektovana trasa v dseku Letiste
Ruzyné — Motol prochdzi napri¢ severozdpadnim kridlem barrandi-
enské synklindly, takZe nejstarS{ horniny budou zastiZeny na severo-
zdpadé zdjmového izemi a smérem k jihovychodu se budou vysky-
tovat horniny mladsi. V dalS{ ¢4dsti od stanice Motol prochdzi trasa
opaénym smérem proti vrstevnimu sledu a v prostoru vychodné od
stanice Veleslavin se priblizuje az k proterozoickym hornindm.
Odtud se jiz smér trasy znané sblizuje se sméry strukturnimi
a prochdzi jen nejstar§imi souvrstvimi ordoviku az ke stanici
Dejvicka.

Svrchni proterozoikum zahrnuje prevdzné droby, prachovce
a bridlice. Ordovik je zastoupen souvrstvimi charakteristickymi pro
prazskou geologii — souvrstvi $drecké, dobrotivské, libenské, leten-
ské, vinické, zahoranské, bohdalecké, krdlodvorské a kosovské.
Prevazuji jilovité bridlice, ddle jsou zastoupeny kiemence, kfemenné
piskovce, prachovce, pis¢ité a prachovité bridlice a droby. V okoli
stanice Motol vystupuje zpod kiidy liteniské souvrstvi siluru tvorené
prevazné jilovitymi a vdpnitymi bridlicemi.

Paleozoické horniny jsou zvrasnéné, s generelnim uklonem vrstev
mezi 30 — 60° k jihovychodu. Z hlavnich tektonickych linii se
v hornindch ordoviku a siluru uplatiiuje okrajovy podélny zlom,
ktery patii k prazskému zlomovému pdsmu a objevuje se v blizkosti
trasy ve svahu pod stanici Motol. Druhou vyznacnou tektonickou
linif je Sdrecky zlom, ktery prochdzi napfi¢ trasou severné od trasy
u stanice Veleslavin.

Prevdznou Cést horninového prostedi, ve kterém prochdzi vyrub
metra severozdpadné od Litovického potoka, ve svrchnich partiich
Bilé hory a pod oblasti Petfin, tvori sedimenty svrchni kiidy peruc-
kého, korycanského a bélohorského souvrstvi. Jednd se o piskovce,
prachovce, slinovce, jilovce a slepence. Kfidové horniny jsou subho-
rizontdlné vrstevnaté a spocivaji diskordantné na podloznich paleo-
zoickych a proterozoickych hornindch.

Na vrcholové plosiné Bilé hory se vyskytuje relikt neogénnich
pisc¢itych $térka, kvartérni sedimenty jsou v dzemi celé trasy zastou-
peny uloZeninami eolickymi, eolicko-deluvidlnimi, deluvidlnimi,
fluvidlnimi, deluviofluvidlnimi a antropogennimi.

Z hydrogeologického hlediska je proterozoikum a paleozoikum
prostredim s omezenou puklinovou propustnosti a v rozloZeném
skalnim masivu i omezenou pralinovou propustnosti, v obou piipa-
dech s velmi nizkou vydatnosti podzemnich vod. Ve svrchni kiidé je
nutné pocitat s oddélenymi zvodnémi jednotlivych souvrstvi
s prevdazné puklinovou a7 prulino-puklinovou propustnosti.
Zvodnéni kvartérnich pokryvu je vdzdno predevsim na ddolni fluvi-
alnf sedimenty, kde hladina podzemni vody komunikuje s vodami ve
vodotecich. Periodické zvodnéni Ize oCekdvat i v deluviofluvidlnich
sedimentech.

Tuel

locations where it is absolutely necessary. Such the sections are found in
parts of the track sections adjacent to Motol Station, which will have side
platforms. There will be double-rail tunnels in these sections. In the context
of the division of the construction of this metro line into stages, the double-
rail tunnel at Motol Station (heading toward Bild Hora Station) will be tem-
porarily used for the return of metro trains.

The other main criterion was the speed of the construction, which is clo-
sely related to the final cost of the works. It is generally known that, apart
from the cost of building materials, the resultant cost also consists of time-
dependent items and the proportion of such items to the total cost grows with
the growing construction time. Conversely, the proportion of the high fixed
initial costs of construction equipment diminishes with the growing length
of the boring when a TBM is used.

In addition, the overall concept of the design for the excavation of running
tunnels with a TBM was affected by the search for a space suitable for the site
facility, which is larger in the case of the TBM drive compared to the NATM
because it is concentrated to a single location for a longer stretch of the route.
The main reason is the necessity for the storing of sufficient quantity of rein-
forced concrete segments for the lining of the new tunnels, which take up
a larger area than an intermediate muck stockpile. The majority of suitable
land is currently either built up or is not owned by the municipality, therefo-
re the choice of areas suitable for the possible site facility is significantly limi-
ted. The total excavation time was also taken into consideration when the
excavation procedure was being designed. At the same time, it was necessa-
ry to coordinate the construction of the running tunnels with the construction
of individual stations, which means that the problem had to be solved whet-
her the station tunnels can be carried out in advance, before the construction
of running tunnels, or a tunnel with the profile of running tunnels will have
to be driven first, to be subsequently enlarged to the station tunnel profile.

GEOLOGICAL CONDITIONS

The Pre-Quaternary bedrock which is found in the area of the planned
extension of the metro Line A is formed by the Upper Proterozoic,
Palaeozoic (Ordovician, Silurian) and Upper Cretaceous rock types. The
Letisté Ruzyné — Motol section of the route selected by the design passes
across the north-western wing of the Barrandiene syncline, therefore the
oldest rock will be encountered in the north-eastern part of the area affected
by the construction; younger rock will be found in the south-eastern directi-
on. The next section of the route, from Motol Station, runs in the opposite
direction against the succession of strata; in the area east of Veleslavin
Station it even gets close to the Proterozoic rock types. From this location to
Dejvicka Station, the direction of the route becomes nearly identical with the
direction of the rock mass structure and the route no more passes through
other strata than the Ordovician ones.

The Upper Proterozoic comprises mostly greywacke, siltstone and shale.
The Ordovician period is represented by strata which are characteristic of
Prague geology, i.e. the Sarka, Dobrotiv, Liben, Letnd, Vinice, Zahotany,
Bohdalec, Krdluv Dvir and Kosov Members. Clayey shales prevail; the
other rock types present are quartzite, siliceous sandstone, siltstone,
sandy/silty shale and greywacke. The Silurian Liten Member rises from
under the Cretaceous formation in the vicinity of Motol Station.

The Palaeozoic rock types are folded, with the layers generally trending
south-east at 30 — 60°. Of the main tectonic lines, a boundary fault, which is
part of the Prague Fault Zone, asserts itself and emerges in a slope under
Motol Station. The other significant tectonic line is the Sarka Fault, which
runs across the metro route south of Veleslavin Station.

The predominant part of the rock environment through which the metro
excavation will pass north-west of the Litovice Brook, in the upper parts of
Bild Hora and under the Petiin area is formed by sediments of the Upper
Cretaceous period (the Peruc, Korycany and Bild Hora Members), namely
sandstone, siltstone, marlstone, claystone and conglomerate. The Cretaceous
rocks are sub-horizontally bedded, resting discordantly on the Palaeozoic
and Proterozoic rock basement.

A relic of Neogene sandy gravel occurs on the highest plateau of Bild
Hora; the Quaternary sediments are represented in the area of the entire
route by aeolian, acolian-diluvial, diluvial, fluvial, diluviofluvial and anth-
ropogenic deposits.

From the hydrological point of view, the Proterozoic and Palaeozoic envi-
ronment displays limited fissure permeability and, in the decomposed rock
mass, even intrinsic permeability; in both cases the groundwater discharge
is very low. Separate aquifers must be expected in individual Upper
Cretaceous layers, which mostly display the fissure permeability to intrinsic-
fissure permeability. The saturation of the Quaternary cover is primarily
bound to the fluvial valley fill, where the water table communicates with the
water in a watercourse. Even periodical saturation can be expected in dilu-
viofluvial sediments.
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TEORETICKY VYRUB 2493 m?
EXCAVATED CROSS SECTION 2483

Obr. 1 Razba jednolodni stanice
Fig. 1 One-vault station excavation

TECHNICKE RESENI RAZENYCH STANIC

Z Sesti navrhovanych raZenych stanic jsou &tyfi stanice (Cerveny
Vrch, Petfiny, Bild Hora a Dlouhd Mile) hluboko uloZené razené jed-
nolodni stanice, kdy vySka nadloZi nad klenbou stani¢nich tunelu se
pohybuje od 12 m do 35 m. Zbyvajici dvé stanice (Veleslavin, Letisté
Ruzyné) jsou navrZeny jako trojlodni raZené stanice s relativné
malym nadloZim, pfi¢emZ pred stanici Letist€é Ruzyné je kolejové
kiiZeni v délce 80 m umisténo v raZzeném tunelu s pri¢nym profilem
obdobnym jako stani¢ni tunely raZzenych jednolodnich stanic.

Kaverny jednolodnich stani¢nich tunelu s Sitkou vyrubu 21,7 m
a vyskou 14,7 m budou raZeny technologif NRTM za pouZiti trhacich
praci. Pfedpoklddd se jak horizontdlni, tak i vertikdln{ ¢lenéni vyru-
bu s primdrnim zaji§ténim stifkanym betonem v kombinaci
s kotvenim. V prvni fdzi budou vyraZeny a primdrné zajistény oba
boéni vyruby, které budou jeSte¢ horizontdlné ¢lenény. Déle bude
vyraZena a primdrné zaji§téna stfedni Cdst vyrubu, kterd bude opét
horizontdlné ¢lenéna a jeji klenba bude opfena o klenbu bo¢nich
vyrubu. Velikosti jednotlivych dil¢ich vyrubta budou prizpusobeny
nasazené mechanizaci, tak aby byla zajiSttna maximélni moZzna
rychlost vystavby. Po primdrnim zaji§téni celého stani¢niho profilu
bude provedena mezilehld foliova izolace a nakonec bude provedeno
sekunddrni Zelezobetonové osténi.

U raZené trojlodni stanice celkové
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MINED STATION DESIGN

Of the 6 mined stations being designed, 4 stations (Cerveny Vich, Petfiny,
Bild Hora and Dlouhd Mile) are deep-seated one-vault structures; the overbur-
den height ranges from 12m to 35m. The remaining 2 mined stations
(Veleslavin and Letisté Ruzyné) will be of the three-vault type, with relatively
shallow cover, while the 80m long crossing of tracks before Letisté Ruzyné
Station is designed to be in a mined tunnel with the cross section similar to the
station tunnels in the one-vault stations.

The caverns for the one-vault station tunnels (21.7m wide, 14.7m high) will
be excavated using the NATM and drill-and-blast procedures. Both types of the
division of the excavation face are assumed to be used, i.e. the horizontal and
vertical sequences, with the primary support by shotcrete combined with
anchors. The initial phase will consist of the excavation and installation of sup-
port of both sidewall drifts (this excavation will be even divided horizontally).
The excavation and installation of primary support will follow in the central
part, where the horizontal excavation sequence will be applied. The vault of
this part will be supported by the vaults of the sidewall drifts. The dimensions
of the individual partial headings will be designed to suit the dimensions of the
tunnelling equipment so that maximum possible advance rates of the excava-
tion can be achieved. When the whole profile of the station is provided with
the primary lining, the intermediate waterproofing system will be applied and,
subsequently, the secondary reinforced concrete lining will be erected.

The excavation of the three-vault station, with the overall width of 21.9m
and the height of central tunnel, which is the highest of the three, of 9.75m, is
assumed to be carried out again using the NATM and blasting operations. With
respect to the shallow depth of the cover, the concept assumes that side drifts
8.35m wide and 8m high will be driven and provided with the primary lining
first. A horizontal excavation sequence will be used. However, a vertical sequ-
ence will take place in the case of deteriorating geological conditions or when
utility networks sensitive to settlement are found in the tunnel overburden.
These primary openings will be provided with intermediate waterproofing and
the final cast-in-situ concrete lining, including longitudinal rows of the
columns which support the vaults of the side tunnels of the station and, subse-
quently, also the vault of the central tunnel of the station. Longitudinal structu-
ral dividing walls are designed instead of the columns for the station sections
housing equipment. When the final reinforced concrete lining of the side tun-
nels of the station is finished, the excavation of the central tunnel will start,
using a horizontal excavation sequence. Then the intermediate waterproofing
will be installed and the final reinforced concrete lining of the central part of
the station will be cast.

The other mined parts of the station, such as escalator tunnels, lift shafts,
ventilation shafts and galleries will be driven using the NATM, with
a horizontal sequence being applied if necessary. The lining structure will be
of the double-shell type, with a shotcrete primary lining, intermediate waterp-
roofing and reinforced concrete secondary lining.

RUNNING TUNNEL DESIGN

Single-rail tunnels driven by TBMs will form the majority of mined inters-
tation sections. Double-rail running tunnels will be driven in the vicinity of
Motol Station using the NATM.

Sitky 21,9 m a vysky nejvyssiho stfedni-
ho tunelu 9,75 m je uvaZovdna opét
razba technologii NRTM za pouziti trha-
cich praci. S ohledem na malou vysku

nadloZi se koncepéné predpoklddd nejpr- =
ve razba bo&nich vyruba $itky 9,35 m Tk
a vysky 8 m, zajiSténych primarnim osté- gc

nim. Clenéni vyrubu bude horizontdlni,
v pripadé zhorSenych geologickych pod-
minek nebo vyskytu inZenyrskych siti
v nadlozi tunelu, citlivych na poklesy,

bude Elenéni i vertikdlni. V téchto prvot- §
nich vyrubech se provede mezilehla foli-
ova izolace a definitivni monolitické
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TEORETICKY VYRUB 169.8 m®
EXCAVATED CROSS SECTION 169.8 m®

Zelezobetonové osténi bocnich stanic- T

nich tunelt véetné podélnych tad sloupt, _E_

tvoricich podpory kleneb bo¢nich stanic- o B

nich i ndsledné realizovaného stfedniho FEp

staniéniho tunelu. V technologickych 300, 479, 440 e 6440 30
Cdstech stanic jsou misto fad sloupu TM i . . o 0440 ;TML
navrzeny prubézné podélné nosné délici A A 1 1
stény. Po dokondeni definitivniho Zele- F +

zobetonového osténi bocnich stani¢nich

tunelll bude provddéna razba stfedntho Opr.2 Rafend trojlodni stanice
tunelu s horizontdlnim ¢lenénim vyrubu. Fig. 2 Three-vault mined station
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TEORETICKY VYRUB 28,3 m*
EXCAVATED CROSS SECTION 283 m!

Obr. 3 Jednokolejny tratovy tunel razeny TBM
Fig. 3 TBM-driven single-rail running tunnel

The use of a suitable type of a tunnel boring machine will gua-
rantee that minimum deformations of the terrain and high exca-
vation advance rates will be achieved in the variable geological
conditions, namely in the sections under existing buildings. The
use of EPB TBMs is planned for this project, which are capable
of driving through totally broken rock and soft ground — soil. At
the same time, it is possible to change the machine over within
several hours to be operated in the open-face mode, which is more
suitable for hard rock and allows faster excavation advance as
well as lower wear of the machine.

The single-rail tunnel design is circular in the cross section,
with the inner diameter of 5.3m. The 250mm thick single-shell
lining is from reinforced concrete segments (water retaining conc-
rete). The segments will be fitted with gaskets on all sides. They
will provide the waterproofing between segments. The 1.4m wide

Poté bude provedena mezilehld izolace a vybetonovano definitivn{
Zelezobetonové osténi stfedni Cdsti stanice.

Ostatn{ razené Cdsti stanice, jako jsou eskaldtorové tunely, vytaho-
vé Sachty, vétraci Sachty a Stoly, budou raZeny pomoci NRTM
s pripadnym horizontdlnim ¢lenénim vyrubu. Konstrukce ostén{
bude opét dvoupldstovd s primdrnim osténim ze strikaného betonu,

mezilehlou hydroizolaci a Zelezobetonovym sekunddrnim osténim.

TECHNICKE RESENI TRATOVYCH TUNELU
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Prevazna ¢dst razenych mezistani¢nich dseku je navrZzena jako jed-
nokolejné tunely raZzené pomoci TBM. V okoli stanice Motol budou
vybudovédny dvoukolejné tratové tunely raZzené technologii NRTM.

Razba provadéna vhodnym typem tunelovaciho stroje TBM zaru-
Cuje v proménlivych geologickych podminkdch a zejména v dsecich
pod povrchovou zastavbou minimélni deformace terénu a zdroven
velkou rychlost razby. Pro tento projekt je uvazovano nasazeni zemi-
novych 3titd EPB (Earth Pressure Balance), které jsou schopny razit
i ve zcela porusenych hornindch a v mékkych hornindch charakteru
zemin. Soucasné lze stroj béhem nékolika hodin prestrojit na TBM
s otevienym Celem, ktery je vhodnéjsi pro pevné skalni horniny
a umoznuje rychlej$i postup razby a mensi opotrebenf stroje.

Jednokolejny tunel je navrZen jako kruhovy s vnitinim pramérem
5,3 m. Osténi je jednopldstové z prefabrikovanych Zelezobetonovych
dilcu tloustky 250 mm z vodostavebného betonu. Jednotlivé seg-
menty budou po obvodu opatfeny tésnénim, které zajisti vodonepro-
pustnost spar. MontdZ prstencu osténi §itky 1,4 m se provadi pod
ochranou §titu a pti posunu se §tit opird o elo pfedchoziho jiZ hoto-
vého prstence osténi tunelu. Pro minimalizaci deformaci v nadloZi
tunelu je nutné provadét okamzité vypli prostoru mezi rubem nové
smontovaného prstence ostén{ a licem vyrubu. Vhodné zvolena tech-
nologie je zdrukou minimalizace poklesu zédstavby. V naSem piipadé
Ize zaru¢it maximdlni deformace terénu v ose tunelu do 5 mm. Na
zékladé sledovdni mnoha projekti realizovanych po celém svété
touto technologii 1ze spolehliveé predpoklddat dlouhodoby pramérny
postup razby 300 m za mésic, coZ je pfiblizné trojndsobek oproti
razbé NRTM.

Jednokolejné tratové tunely budou po celé trase v intervalech cca
400 m propojeny vzdy dvojici vzduchotechnickych propojek podko-
vovitého profilu §itky 4,2 m a vysky 4,3 m s délkou cca 10 m, které
snizuji pistovy dcinek projizdéjicich souprav metra. Propojky budou
s dvoupld§tovym osténim s mezilehlou hydroizolaci.

Razba dvoukolejnych tratovych tunelt tvaru plochého ovélu bude
provadéna pomoci NRTM. Zakladnf{ profil je navrZzen pro osovou vzda-
lenost koleji (0. v.) 3,7 m, ktery md §itku vyrubu 10,3 m a vysku 7,56 m.
Pro dseky, kde dochdzi k postupnému zvétSovani osové vzdélenosti
koleji (prechod na dva jednokolejné tunely), byly navrzeny dalsi zveét-
Sené profily dvoukolejného tunelu: 0. v.39 m,0.v.45 m,0.v.5 m,
0.v.58 mao.v. 6,5 m.V téchto dsecich potom dochdzi vidy ke zvét-
Seni profilu tunelu skokem. Osténi tunelu je navrZeno jako dvouplasto-
vé s uzavienou mezilehlou foliovou hydroizolaci. Vnéjsi primdrni osté-
ni je ze stifkaného betonu, vnitini osténi je Zelezobetonové.

Ostatni raZené Césti tratovych useku, jako jsou vétraci Sachty
a Stoly, odvodriovaci $tola a Sachta, objekty kolejovych spojek
a vétveni, pristupové Stoly a demontdzni komora stroje TBM

lining rings will be assembled under the protection of the shield’s
envelope; when the shield is being shifted, the thrust cylinders will act on the
previously completed lining ring. It is necessary for the minimisation of defor-
mations in the tunnel overburden to immediately backfill the annulus between
the outer surface of the newly installed lining ring and the surface of the exca-
vated opening. A suitable choice of the technology guarantees the minimisati-
on of the settlement of existing buildings. In our case, it is possible to guaran-
tee that the maximum deformations of the terrain on the tunnel centre line will
not exceed Smm. It is possible to assume with certainty, on the basis of the
monitoring of many projects which have been implemented by this technolo-
gy all over the world, that the long-term average advance rate of 300m per
month can be achieved. Compared with the NATM excavation, it is approxi-
mately three times as much.

The single-rail running tunnels will be interconnected throughout the route
length at about 400m intervals by pairs of ventilation cross passages with
a horseshoe-shaped cross sections 4.2m wide and 4.3m high, about 10m long,
which will reduce the piston effect of the passing metro trains. The lining of
the cross cuts will consist of two shells and intermediate waterproofing.

The double-rail running tunnels, which will have the shape of a horizontally
elongated oval, will be carried out using the NATM. The basic cross section,
which is 10.3m wide and 7.56m high, is designed for the track centre distance
(TCD) of 3.7m. Other, enlarged cross sections of the double-rail tunnel were
designed for the route sections where the track centre distance gradually incre-
ases (the transition to two single-rail tunnels) in the following sequence: TCD
3.9m,4.5m, 5.0m, 5.8m and 6.5m. The tunnel cross section will be enlarged in
a stepwise manner. The tunnel lining design is of the double-shell type
(a sprayed concrete primary lining, reinforced concrete secondary lining) with
a closed intermediate waterproofing system.

The other parts of the track sections such as ventilation shafts and galleries,
the drainage gallery and shaft, structures containing track cross-overs and bran-
ching points, access adits and the TBM dismantling chamber at Dejvickd

TEORETICKY VYRUB 62.7 m*

EXCAVATED CROSS SECTION 827 m*

Obr. 4 Dvoukolejny tratovy tunel raZeny NRTM
Fig. 4 NATM-driven double-rail running tunnel
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u stanice Dejvickd, budou razeny pomoci NRTM s pripadnym ¢Elené- Station will be excavated using the NATM, with the excavation being divided
nim vyrubu a pouZitim dal§ich zajiStovacich prostiedki. V misté into sequences and other support measures being implemented if necessary. At
zahdjeni razeb bude pfistropi zajiStovdno mikropilotovymi destniky. the beginning of the excavation, the top heading roof will be stabilised by cano-
Konstrukce osténi trvalych konstrukci bude opét dvoupldStova py tube pre-support. The lining of permanent structures will again be of the
s primarnim osténim ze stfikaného betonu, mezilehlou hydroizolaci double-shell type with the shotcrete primary lining, intermediate waterproofing
a Zelezobetonovym sekunddrnim osténim. U vSech docasnych kon- and RC secondary lining. All temporary structures such as access adits will be
strukef, jako jsou pristupové Stoly, bude vybudovédno pouze primérn{ provided only with a shotcrete lining; when the function of the structure is com-
osténi a zbyly prostor bude po ukonceni funkce dila zaplnén popil- pleted, the underground space will be backfilled with cinder concrete. The TBM
kobetonem. Demontdzni komora TBM u stanice Dejvickd je dlouha dismantling chamber at Dejvicka Station is 17.5m long; its cross section is simi-
17,5 m, m4 profil podobny jednolodni stanici. Jeji ¢elo navazuje na lar to the cross section of a one-vault station. Its front end is connected to the
spole¢nou podzemni konstrukci odstavnych koleji stanice Dejvicka. common underground structure for the stabling tracks at Dejvicka Station. The
Ostatn{ tfi stény jsou zajiStény prevrtdvanou pilotovou sténou kom- other three walls are supported by secant pile walls combined with jet grouting.
binovanou s tryskovou injektéZ{, do které bude zakotvena klenba této The walls will support the vaulted roof of the cavern, which will be fixed in the
kaverny. Kalota kaverny bude zaji$téna souvislou klenbou z tryskové walls. The calotte of the cavern will be supported by a continuous vault formed
injektdZze provddénou z povrchu. by jet grouting, which will be carried out from the surface.

POSTUPY PROVADENI JEDNOKOLEJNYCH TRATOVYCH SINGLE-RAIL RUNNING TUNNELS — TBM DRIVING PROCEDURES

TUNELU TBM The construction of single-rail running tunnels is expected to be carried out
by 2 tunnel boring machines, starting in the track section between Motol
Station and Petfiny Station near the Vypich intersection. The large constructi-
on site utility which will be developed in this location will provide sufficient
space for materials to be supplied to and the muck to be concurrently removed

Postup vystavby jednokolejnych tratovych tunelt predpokldda nasa-
zeni 2 razicich stroju v tratovém tseku mezi stanicemi Motol a Petfiny
v blizkosti krizovatky Vypich. Zde je umisténo velké zarizeni stave-
nist¢ umoznujici kapacitni zdsobovani materidlem pro razbu obou . . .

o Jicl kapaciini za P . P - from the tunnel. Both TBMs will be successively lowered to a 20m-diameter
tunelu a soucasné odtéZovani vyrubané horniny. Oba stroje TBM . . . .
< P p PRI launch shaft. The shaft will make it possible for the TBM to be shifted to a pre-
budou postupné nasazeny v hloubené kruhové stavebni jamé pruméru . . .
Y p PRI - v oo P excavated assembly chamber, which will be connected with the surface by an
20 m s moznosti zasunuti ¢dsti stroje do predem vyrazené montdzni . . . .
access adit and a ramp. The TBM drives will proceed toward the existing metro

kor}lory spojenc 8 pvovrchevm prlstup(fvog s,toloq $ navazujici rampou. station Dejvickd. Once the TBMs have passed the area of Petfiny Station (this
Razba bude provadéna smérem ke stdvajici stanici metra Dejvickd. Po . : . . - ; .
section will be provided with a temporary lining, which will be subsequently,

projetf stroju prostorem stanice Petriny (zde bude provadéna montdz during the excavation of the station tunnel, dismantled and both tunnel cross

provizorniho osténi, které bude nasledrle/v pri razbé stanicniho tunelu sections will be enlarged to create the one-vault station tunnel profile), the dri-

demontovéno a Ob? profl!y buc}ou T 0251ren’y na ]ednol(zdm Stam“i“? ving of the running tunnels will continue on a downhill gradient toward
tunel) dee p(,)kracov.atA upafl o razlfoa/ trato vych tunelli k,e stanict Veleslavin Station. There is an assumption that sidewall drifts with primary
V?leSI?Vm.ZVV vte’to star_u(:l) se}predpf) k/lada v predstihu Vvyrazent ‘pocmch lining will be carried out in advance in this station so that the TBMs can be pul-
VYrUb“ 24 isténych p Tumarnim ostenim ta k.’ aby mo,h ly byt stroje stani- led through the station to proceed further toward Cerveny Vrch Station.
“ pff’ta.zve‘ly a pokracovaly Qal/e ke stamc,l Ce.rveny Vrc}}. . About 150m behind Veleslavin Station, the TBMs will enter an constructi-
Prlbhzne/ 150 m ,Z_a, Stamfl Veles}av1n VJevd(Zu stroje do predgm on trench with the ground plan dimensions of 50 x 30m. Once the tunnel
VthOUb?ne §t2,1vebn.1 ]evtmyvpuflovry snych rogl}leru 50x 30 m. Jakmile boring machine with the back-up train is beyond this box, the entire complex
postoupt razict stroj Y(y:etn,e ,Zavesu za tuto Ja)mu, bllde cely komp}ex of the TBM operation supporting services (removal of muck from the tempo-
ObSIP hy St?oje, (odte,zgvanl rulvjanlny, skl,adka Zelez’ohet(v)novycvh, rary stockpile, reinforced concrete segments stockyard, utility connections etc.)
dﬂvcu, nap’OJe,m na mei“a atd.) pr.e?zlfisen k této stave/bm jame a d%ISI, will be shifted to this location and the subsequent TBM drives will be control-
rabe} tvratovycvk} tuvnelu bl,lde, ZaJlSten% Z,tOhOEO mISt%' To umovznvl led from this facility. This system will allow the excavation of Petfiny and
v pr.ubehuwdalm razby tratovych tunelu Zaonen poqugovat V raVZbe Veleslavin Stations to proceed concurrently with the continuing excavation of
stanic Petfiny a Veleslavin. Po prota?eni ‘ra21cich stroju stftnlcl' Cer- running tunnels. Once the TBMs have been pulled through Cerveny Vich
veny Vich, kterd bude budovana v predstihu z raZeného pristupové- Station, which will be excavated in advance from a point of attack provided by
ho tunelu s p9rtalem u ulice Kladenske?, .bude pokralcqvat, razba tra: an access tunnel having its portal in Kladenska Street, the excavation of run-
thth tunelu aZ k provozované stanici metra ?eJVlea' V misté ning tunnels will continue up to the operating metro station Dejvickd. Both
napojeni na provozovanou trasu metra budou v predem vybudované TBMs will be dismantled in a dismantling chamber pre-excavated in the loca-

ds:mont?viini kvomofe oba stroje postupné dc:,montovény a povéfistech tion where the tunnels connect to the operating metro line. The parts will be
premistény piistupovou Stolou do Sachty pudorysnych rozméra 10 x moved through an access adit to a shaft with 10 x 15m plan dimensions and lif-
15 m a odtud vyzvednuty na povrch. ted to the surface.

Oba demoreltované stroje TBM budou znova nasazeny v hloubené Both dismantled TBMs will be reassembled in a 30 x 50m construction
jamé rozméra 30 x 50 m v tratovém dseku mezi stanicemi Motol trench prepared in the track section between Motol and Bild Hora Stations. The
a Bild Hora. Z tohoto mista bude provddéna razba jednokolejnych TBMs will proceed from this point, in the opposite direction, up to the Letisté
tratovych tunelii razicimi stroji opaénym smérem aZ do kone¢né sta- Ruzyné terminal station. Once the excavation of the initial 600m of the running
nice Leti§t¢ Ruzyné. Po vyraZeni prvnich 600 m tratovych tuneld tunnels has been finished, the TBMs will pass through the area of the future sta-
projedou stroje prostorem budouct stanice Bild Hora, kde bude pro- | tion Bild Hora, with the tunnels being provided with a temporary lining which
vddéna montdZ provizorniho ostént, které bude ndsledné demontova- will be subsequently dismantled. The TBMs will continue to drive the running
no. Déle bude pokracovat razba tratovych tunelil az ke stanici tunnels up to Dédina Station. The construction trench for this station and the
Dédina. Zde by méla byt jiz v pfedstihu vyhloubena stavebni jima adjacent sections of cut-and-cover tunnels should be prepared in advance to
této stanice v&etné piilehlych tsekl hloubenych tratovych tuneli. receive them. The TBMs will be pulled through this trench and, at the same
Stroje budou protaZeny touto stavebni jamou a zdroven bude obslu- time, the surface facilities serving the excavation of running tunnels will be
ha razby tratovych tuneli pfemisténa ze zafizeni staveni§té moved from the site at the construction trench in the Motol — Bild Hora track
u hloubené stavebni jamy v tratovém tseku Motol — Bild Hora do section to the site facility found at the cut-and-cover tunnels adjacent to Dédina
zaiizen{ staveni§t¢ v hloubenych tunelech u stanice Dédina (smérem | Station (in the direction toward Dlouhd Mile Station). This system will allow
ke stanici Dlouhd Mile). To umoZni pokraCovat ve vystavbé stanic the construction of Bila Hora and Dédina Stations to continue simultaneously
Bild Hora a Dédina a soucasné pokratovat v razbé tratovych tunelt with the driving of the running tunnels toward Dlouhd Mile Station, where the
smérem ke stanici Dlouhd Mile, kde budou stroje protaZeny vyrubem TBMs will be pulled through the station tunnel, the adjacent enlarged-cross-sec-
stani¢niho tunelu a navazujicich rozsifenych profilu tratovych tune- tion running tunnels and the adjacent cross-over tunnel. The machines will con-
1u v prilehlé spojce. Stroje budou ddle pokracovat v razbé tratovych tinue to drive the running tunnels up to Letisté Ruzyné Station, where they will
tunelt az ke stanici Leti§té Ruzyné, kde budou v hloubené &ésti sta- be dismantled in the cut-and-cover part of the station and lifted to the terrain sur-
nice demontovany a vyzvednuty na terén. face.
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