32. rocnik - €. 2/2023

PRIPRAVA A REALIZACE METRA D V PRAZE
DESIGN AND CONSTRUCTION OF METRO D IN PRAGUE

ZDENEK ZIZKA, MARQS DAVID, MIROSLAV KOCHANEK, PAVLINA SEHNALOVA, PETR VISNAK

ABSTRAKT

Cldnek se zabyvd pripravou a realizaci metra D v Praze, pro kterou je spolecnost METROPROJEKT Praha a.s. zpracovatelem projek-
tové a realizacni dokumentace. V iivodu je trasa metra D predstavena jako celek a popsdna etapizace jeji postupné vystavby. Krdtce jsou
shrnuty jiZ dokoncené prdce z jednotlivych stavenist prvni etapy. Ponejvice je ¢ldnek zaméren na specifické aspekty ndvrhu tratovych tunelii
realizovanych plnoprofilovymi tunelovacimi stroji v ramci etapy I1.D1b (Olbrachtova — Nové Dvory). Zdvérecnd kapitola pribliZuje specifi-
ka mezistanicniho vseku raZeného NRTM mezi stanicemi NddraZi Kr¢ a Olbrachtova, ktery je rovnéz soucdsti etapy 1.D1b.

ABSTRACT

The article deals with the preparation and construction of Metro D in Prague, for which METROPROJEKT Praha a.s. is the author of
the detailed design and the construction design documents. First, the Metro D line is presented as a whole, and the construction phases
are described. The structures completed at the individual construction sites of the first phase are briefly summarised. The article is mainly
focused on specific aspects of the design of the route tunnels excavated by full-face tunneling machines within the framework of Phase
L.D1b (Olbrachtova — Nové Dvory). The last chapter introduces the specifics of the NATM excavation of the intermediate section between
the stations NddraZi Kr¢ and Olbrachtova, which is also part of Phase 1.D1b.

A — = . 1. INTRODUCTION
=
NAMESTI MIRT s s Metro D is a complex construction project which, due to
P excavated by NATM its scale, is divided into several phases, which are carried out
? : : gradually and at different periods of time. The construction began
LD3 NAMEST 2.5~ g with an complerflentary geological investigation'in the area of
BRATEI SYNKLU the future Pankrdc D and Olbrachtova (0-a) stations. Currently,
| e a7 . 4 the construction of the Pankrac — Olbrachtova stations (I.D1a) is
! & ' " continuing, including the section between the tunnels. Work on the
- "PANKRAL. -.zf ¥ - [.D1b section between Olbrachtova (excluding) and Nové Dvory
o - &~ & excavated by NATM . . L.
E‘g | [ ﬂ‘ stations is also planned to begin in 2023.
,25§ [OLBRACHTOVA - J_ - 13 The commissioning of D Line is also planned in phases, as
2 2 - o . excavated by NATM
EE _ . \ : follows:
= = NADRAZLKRE "‘ ] e first, the Pankric D — Nové Dvory section will be put into

operation, which is planned for December 2029;
 the stations Libu§, Pisnice and Depo Pisnice will be put
: into operation after the acquisition of the land needed for
NOVE DVORY \ excavated by NATM their construction by the investor, therefore the date of their
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hloubena * the last section put in operation will be the section of Metro D
line between Pankrac and Namésti Miru.

/ \ Ficuberd For easier orientation in the planned construction progress of
P | SNICE '- - 1 1 1 1 1
" the D Line, its phases are entered in the Table 1 and illustrated in
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2. 1.D1A SECTION PANKRAC - OLBRACHTOVA

The construction of Metro D line in I.D1a Section Pankrac D —

Obr. 1 Situacni schéma pldnované trasy metra D

Fig. 1 Plan view of the planned Metro D Line Olbrachtova started in April 2022. The majority of the excavation
works volume is being carried out from the three construction
1. UvVOoD sites — PADIb (Pankrdc D 1b), VO-OL (Ventilation structure

Olbrachtova) and OL2 (Olbrachtova 2). The listed construction

Vystavba metra D je komplexnim projektem, ktery je z davo-
sites are further briefly characterized below, and a summary of the

du svého rozsahu roz¢lenén do nékolika etap, jeZ jsou provadé-
ny postupn& a v riznych Casovych obdobich. Sama vystavba za- current status of works as of the end of January 2023 is provided. A
¢ala doplitkovym geologickym priizkumem v oblasti budoucich more detailed overview of the work being carried out is regularly
stanic Pankrdc D a Olbrachtova (0-a). V soucasnosti pokratuje | presented in the Tunel magazine in “News update of underground
stavbou stanic Pankrdc — Olbrachtova (I.D1a) vCetné pfisluSného construction in the Czech and Slovak Republic.”
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Tab. 1 Etapizace vystavby metra D
Table 1 Construction Phases of Metro D

Etapizace vystavby Construction Phases

Tuel

probéhlé past

probihajici ongoing

budouci future

dopliikovy geologicky prizkum I.D1a
_complementa%?eologlcal
investigation |.DTa

0-a

1 |1D1a Pankrac - Olbrachtova (vcetné)
.D1a Pankréc — Olbrachtova (including)

0-b

dopliikovy geologicky priizkum .D3
complementary geological investigation 1.D3

.D1b Olbrachtova (mimo) — Nové Dvory

+ tratové tunely do jamy Rezerva

.D1b Olbrachtova 8exc uding) — Nové Dvory
+ running tunnels towards the Rezerva pit

1.D2 Stanice Libus, Pisnice, Depo Pisnice,
DeBo — podle zajisténych pozemk

|.D2 Station Libus, Pisnice, Depo Pisnice,
Depot — depending in the land acquisition

mezistani¢niho dseku. V roce 2023 je
ddle pldnovano zahdjeni praci na useku
L.D1b mezi stanicemi Olbrachtova (mimo)
a Nové Dvory.

Zprovozinovani trasy D je rovnéz plano-
véano v etapach, a to nasledujicich:

* nejprve dojde ke zprovoznéni useku
Pankrac D — Nové Dvory, které je pla-
novano na prosinec roku 2029;

* stanice Libus, Pisnice a Depo Pisnice
budou uvedeny do provozu podle za-
jisténi pozemkd potiebnych k jejich
vystavbé investorem, proto datum je-
jich zprovoznéni neni v souc¢asné dobg
mozné presné urcit;

* poslednim zprovoznénym usekem pak
bude ¢ést linky metra D mezi Pankréci
a Naméstim Miru.

Pro snaz$i orientaci v planovaném po-
stupu vystavby trasy D je jeji etapizace
vepsdna do tab. 1 a prehledné graficky
zndzornéna na obr. 1.

2. USEK 1.D1A PANKRAC -
OLBRACHTOVA

Vystavba linky Metra D v useku I.Dla
Pankrac D — Olbrachtova byla zahijena
v dubnu roku 2022. VEtSina objemu razic-
skych praci probihd z celkem tii stavenist
— PAD1Db (Pankrac D 1b), VO-OL (Vétraci
objekt Olbrachtova) a OL2 (Olbrachtova
2). Vyjmenovana stavenisté jsou dale krat-
ce charakterizovana a zdrovei je poskytnut
souhrn aktudlniho stavu praci ke konci
ledna roku 2023. Detailnéjsi prehled pro-
vadénych praci je pravidelné predstavovan
v Casopise Tunel v ,, Aktualitdch z podzem-
nich staveb v Ceské a Slovenské republi-

“«

ce.

2.1 Stavenisté PAD1b

Staveni$t¢ PADIb se nachdzi na plose
uzaviené sjezdem z ulice 5. kvétna do uli-
ce Na Strzi. Jiz v etapé€ dopliikkového geo-
logického priizkumu zde byla vyhloubena
Sachta, z niZ bude razena Cast stanice Pan-
krac D (obr. 2).

|.D3 Pankrac (mimo) — Namésti Miru
excluding) — Namésti Miru

|.D3 Pankrac

Obr. 2 Sachta na stavenisti PAD1b
Fig. 2 Shaft at the construction site PAD1b

¥

Obr. 3 Pohled do strojovny VZT (vlevo) a pristupové a VZT S$toly (vpravo)
Fig. 3 View into HVAC tunnel (left) and into the access and ventilation adit (right)
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Obr. 4 Patni stola s prvkem svarované ocelové vyztuZe
Fig. 4 Bottom drift with welded steel reinforcement

Od zahdjeni praci do ledna 2023 byla provedena razba priistu-
pové a vzduchotechnické Stoly v délce zhruba 205,0 m s plochou
vyrubu 60 az 64 m? v odboceni 81 m? (obr. 3). Vyrub je zajistén
pomoci stiikaného betonu tl. 250 aZ 400 mm podle technologické
tfidy vyrubu. Osténi je vyztuzeno ocelovymi sitémi KARI s pri-
lozkovou vyztuzi a ocelovymi prihradovymi ramy. Klenba vyru- \
bu je zajisfovana svorniky a predstihovym jehlovanim, ve tfidé 5b g |

s doplnénim chemickou tlakovou injektdzi. Ke konci ledna byla Obr. 5 Pristupovd Sachta OL2 s protihlukovou halou

zahdjena razba technologického tunelu. Fig. 5 Access shaft OL2 with sound-proof roof
hloubena jama hloubena stanice hloubena stanice
start EPBS dostavba v dalSi etapé dostavba v dalsi etapé
open cut pit, cut & cover station cut & cover station
launch of EPBS completion in the next stage completion in the next stage
— —— —— e

jednokolejné tunely - razba EPBS
single-track tunnels - EPBS excavation

@& SOD 20 SOD 20@& SOD 19
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zawszésVi)’; tglg’/sfazlt / skalecké quartzite |  dobrotivské
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proterozoikum N ordovik
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jama Rezerva Pisnice Libus Nové Dvory
Rezerva pit Pisnice Libu$ Nové Dvory
= = =——
49,0 48,0 47,0

Obr. 6 Podélny rez s predpoklddanymi geotechnickymi poméry — etapa vystavby 1.D1b
Fig. 6 Longitudinal section with predicted geotechnical conditions — construction phase 1.D1b
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2.2 Stavenisté VO-OL

Stavenisté je umisténo mezi ulicemi Na Strzi a Jankovska. Ves-
keré prace v podzemi jsou podobné jako na ostatnich stavenistich
provadény pres Sachty. Ta na stavenisti VO-OL je vyuZita pro po-
stupy jak ke stanici Pankrac D, tak ke stanici Olbrachtova.

Vyrub stanice Pankric se neprovadi od kaloty, ale pon¢kud ne-
tradi¢né ode dna. Prvni realizovanym dil¢im vyrubem je v soucCas-
nosti provadéna patni Stola. Celkova délka patni Stoly je 130,61 m,
z ¢ehoz 43,7 m bylo provedeno v ramci dopliujiciho geologické-
ho priizkumu jako prvni dil¢i vyrub (etapa 0-a). V ramci vystavby
trasy metra I.D1a se tento tsek rozsifil na plny profil Stoly a dalsi
razba jiz pokracuje v plném profilu. Patni Stola ma celkovou plo-
chu vyrubu 50,6 m? a je zajiSténa osténim ze stfikaného betonu tl.
550 mm, vyztuZzeného ocelovymi sitémi KARI a ocelovymi pri-
hradovymi rdmy nebo rdmy z vélcovanych profilii (obr. 4). Klenba
vyrubu je zajiStovana svorniky a predstihovymi jehlami, které jsou
ve tfidé 5b doplnény chemickou tlakovou injektazi.

Ve sméru ke stanici Pankrdc D navazala na prvni dil¢i vyrub,
vyraZeny v ramci dopliujiciho geologického prizkumu, razba dru-
hého dil¢iho vyrubu dvoukolejného tunelu v délce 66 m. Dalsi Cin-
nost v tomto sméru byla z diivodu prednostni razby patni Stoly ve
stanici doCasné prerusena.

Ve sméru ke stanici Olbrachtova byl vyraZzen dvoukolejny tunel
pro osovou vzdalenost koleji (0. v.) 5,0 m, ktery se ndsledné rozsifil
na o. v. 5,8 m. Prvni dva tseky byly provadény pii horizontdlnim
¢lenéni vyrubu a nejSirsi profil pfi vertikdlnim c¢lenéni. Celkova
délka dvoukolejného tunelu je cca 176 m. Z dvoukolejného tunelu
pokracuje dale razba levého jednokolejného tratového tunelu a raz-
ba pravého tratového tunelu s rozpletem do kolejové spojky C-D.
Na stavenisti VO-OL byla také provedena vzduchotechnicka Sachta

Tuel

2.1 PAD1b site

The PAD1b construction site is located in an area surrounded by
the exit road of 5. kvétna street and Na StrZzi street. In the phase of
the complementary geological investigation, a shaft was excavated
here, from which a portion of the Pankrac D station will be excavated
(Fig. 2).

From the commencement of the works until January 2023,
an access and ventilation tunnel was excavated with a length of
approximately 205.0m with an excavation area of 60 to 64m?, and
81m? in the branching-off section (Fig. 3). Excavation is supported
with shotcrete 250 to 400mm thick, depending on the technological
tunnelling class. The lining is reinforced with KARI steel meshes
with additional rebar reinforcement and steel lattice girders. The arch
of the excavation is reinforced with bolts and by spiling, and in class
5b a chemical high pressure grouting is added. Excavation of the
technological tunnel began at the end of January.

2.2 VO-OL site

The construction site is located between Na Strzi and Jankovska
streets. All underground work is carried out through shafts, similar
to other construction sites. The one at the VO-OL construction site
is used for tunneling towards both the Pankrdc D and Olbrachtova
stations.

Excavation of the Pankréc station is not carried out from the top
heading, but somewhat unconventionally from the bottom. The first
excavated opening is the bottom drift which currently being under
construction. The total length of the bottom drift is 130.61m, of which
43.7m was carried out with partial excavation profile (0-a Phase) as
part of the complementary geological investigation. As part of the
construction of the I.D1a metro line, this section was widened to
the full profile of the bottom drift, and further excavation is already

razena stanice - konvencéni razba
protazeni EPBS prostorem stanice
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- EPBS walk through the station area
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do hloubky 34 m a navazujici raZena strojovna vzduchotechniky
v délce cca 50 m.

2.3 Stavenisté OL2

StaveniSté¢ se nachdzi mezi ulicemi Kovafovicova a Na Strzi
v t&€sné blizkosti panelového domu. Z tohoto mista budou probi-
hat prace na razbé stanice Olbrachtova. Pro pfistup do podzemi
je navrzena elipsovita Sachta, kterd je kryta protihlukovou halou
(obr. 5). Zajisténi Sachty je navrzeno z prevrtavanych pilot, které
jsou kotveny ve dvou urovnich pramencovymi kotvami. Pilotova
Cast Sachty bude nasledné prohloubena o 18,3 m, s primarnim osté-
nim a systémovym kotvenim vyrubu. Celkova hloubka Sachty bude
33,8 m. Aktudlné probihaji prace na dokonceni kotveni a prevazky
druhé kotevni drovné. Soucasné je provadén mikropilotovy dest-
nik, jako predstihové opatieni pro navazujici ¢ast Sachty.

3. USEK 1.D1B TRATOVE TUNELY NADRAZI KRC - JAMA
REZERVA

Na dseku I.D1b je uvaZovano s razbou tratovych tuneld metodou
mechanizovaného tunelovani z jamy Rezerva do stanice Nadrazi
Kr¢ a s konven¢ni razbou ve zbyvajici Casti mezi stanicemi Nadrazi
Kr¢ a Olbrachtova.

Pidorysné razby tratovych tuneld, které budou provadény meto-
dou mechanizovaného tunelovéni, zasahuji do etap .D1b a 1.D2,
ale ¢asove budou realizovany jiz v etapé .D1b.

Montéz plnoprofilovych tunelovacich stroji bude provedena
v hloubené stavebni jamé Rezerva (obr. 1). Podélny fez usekem je
zobrazen na obr. 6. Od mista startu budou tratové tunely plynule
raZeny proti sméru staniceni az do stanice Nadrazi Kr¢. Dvojice
hloubenych stanic Pisnice a Libu$ bude realizovana az v etapé 1.D2,
osténi trafovych tunelti bude proto v téchto mistech rozebrano a
zruseno. Stanice Nové Dvory a Nemocnice Kr¢ budou v predstihu
stavebné pripraveny do té miry, aby jimi mohly byt oba tunelovaci
stroje postupné protazeny.

Trafové jednokolejné tunely budou v celém useku raZzeny zemi-
novymi Stity (Earth Pressure Balanced Shields — dale jen EPBS),
kdy horninovy/zemni tlak a hydrostaticky tlak jsou béhem vSech
fazi vystavby kompenzovany protitlakem v pracovni komore stroje
(obr. 7). Celkova délka jednoho tubusu razeného EPBS je v souctu
zhruba 4,8 km.

3.1 Stavebni jama Rezerva

Stavebni jama Rezerva je situovand v oblasti reten¢ni nadrze
a jeji pidorys a umisténi bylo navrZeno za sloZitych podminek
vzhledem k blizkému vedeni vodovodnich rada 3 x DN 1200,
mistni komunikace, reten¢ni nadrZe a navazujicich navrhovanych
trafovych tuneld. Startovaci kaverna pro start EPBS provadéna
technologii NRTM je navrZena z hloubené jimy Rezerva v misté
pravé koleje v délce 75,0 m ve sméru razby. Start EPBS na levé
koleji bude probihat standardné z oteviené jamy.

3.2 Tratovy usek jama Rezerva - Nové Dvory
(SOD 202 19)

Vzhledem k faktu, Ze hloubené stanice budou realizovany do-
date¢né do jiz vyrazenych tunell, bude stavebni oddil (SOD) 20
a 19 délky cca 3,1 km raZen najednou, bez pferuseni. Tunely budou
od mista budouciho hloubeného portalu v km 49,433 podchézet
Kunratickou spojku do prostoru pied byvalym pisnickym maso-
kombinatem. Osova vzdélenost obou tunelovych trub se zuZuje
z puvodni hodnoty 35,6 m na 19,3 m. Trasa je dile vedena zasta-
vénym uzemim Pisnice pod LibuSskou ulici, pfes Meteorologickou
az k Novodvorské ulici. Zde se bude potkdvat s tramvajovou trati
provadénou v soucasné dobé, jejiz konecna stanice bude mistné
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continuing in the full profile. The bottom drift has a total excavation
area of 50.6m’ and is supported by a shotcrete lining of thickness
550mm, reinforced with KARI steel meshes and steel lattice girders
or frames from rolled steel profiles (Fig. 4). The excavation arch is
supported by bolts and spiling, which are supplemented by chemical
high pressure grouting in class 5b.

In the direction of the Pankrac D station, the first partial profile,
which was excavated as part of the complementary geological
investigation, was followed by the second partial profile excavation
of the double-track tunnel with a length of 66m. Further excavation
in this direction was temporarily suspended due to the priority given
to the excavation of the bottom drift in the station.

A double-track tunnel was excavated in the direction of the
Olbrachtova station for track spacing of 5.0m, which was subsequently
widened to an track spacing of 5.8m. The first two sections were
excavated by the heading and bench method and the widest profile
by the side drift method. The total length of the double-track tunnel
is approx. 176m. From the double-track tunnel, the excavation of
the left single-track running tunnel and the excavation of the right
running tunnel with a branching into the C-D connection track
continues. At the VO-OL construction site, a ventilation shaft 34m
deep, and a connected technological room with a length of approx.
50m were excavated.

2.3 OL2site

The construction site is located between Kovarovicova and Na Strzi
streets, in close proximity to the block of flats building. Excavations
of the Olbrachtova station will take place from this location. For
access to the underground, an elliptical shaft is designed, which is
covered by a sound-proof roof (Fig. 5). The shaft is supported by
drilled piles, which are anchored in two levels with cable anchors.
The pile portion of the shaft will subsequently be deepened by
18.3m excavation, and supported with a primary lining and system
bolting. The total depth of the shaft will be 33.8m. Work is currently
underway to complete the anchors and waling beams of the second
anchoring level. At the same time, a micro-pile umbrella is being
drilled as an advance measure for the subsequent part of the shaft.

3. 1.D1B SECTION - RUNNING TUNNELS BETWEEN
NADRAZI KRC AND REZERVA PIT

In the section I.D1b, it is planned to use mechanized tunneling from
the Rezerva pit to Nadrazi Kr¢ station, and conventional tunneling in
the remaining part between NadraZi Kr¢ and Olbrachtova stations.

:%

hydrostaticky tlak zemni tlak tlak podpurného média
hydrostatic earth pressure of the support
pressure pressure medium

zdroj Herrenknecht AG source Herrenknecht AG
Obr. 7 Princip podpory Celby pri razbé EPBS
Fig. 7 The principle of EPBS face support
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odpovidat stanici metra Libus. Pod Novodvorskou ulici povedou
tunely déle aZ po rozhrani s tunely vétveni tras pred stanici Nové
Dvory (SOD 19). Podél trasy metra je planovdna v tomto useku
vystavba nékolika developerskych projekti, se kterymi musel byt
navrh trafovych tunelti koordinovan. Stanici Nové Dvory se Stity
protahnou a v zardzkéach (startovacich kavernach) probéhne start
tunelovacich strojii pro razby navazujiciho useku do stanice Ne-
mocnice Kré.

3.3 Tratovy lisek Nové Dvory - Nemochice Krc (SOD 18)

SOD 18, trafovy usek mezi hloubenou stanici Nemocnice Kr¢
a jednolodni raZzenou stanici Nové Dvory, fesi kolejové propoje-
ni pomoci dvojice raZzenych jednokolejnych tunelt. Délka useku,
ktery prochédzi do svahu nad Nemocnici Kr¢ smérem k Novym
Dvortim pod ulicemi RuZzinovska, Hurbanova, Sladkovi¢ova a Sta-
rova, je zhruba 0,9 km. V useku bude podchdzeno mnoho vysokych
panelovych domut. Kromé zédkladnich tratovych tuneld (jednoko-
lejnych) obsahuje stavebni oddil vzduchotechnické propojky mezi
tratovymi tunely a zakladni nefekalni jimku. Propojky umozni jed-
nak sniZeni pistového tuc¢inku od jedouciho vlaku a rovnéz ptipad-
nou evakuaci osob se zasahem zachrannych jednotek pii zastaveni
vlaku. Za normalnich provoznich podminek zistavaji dvefe v pro-
pojkach oteviené.

3.4 Tratovy usek Nemocnice Krc - Nadrazi Krc (SOD 16)

SOD 16, tratovy usek mezi hloubenymi stanicemi Nadrazi Kr¢
a Nemocnice Kr¢, fesi kolejové propojeni pomoci dvojice raze-
nych jednokolejnych tunelti se vzduchotechnickymi propojkami
a nefekdlni jimkou. SOD ma celkovou délku cca 0,8 km a je cha-
rakteristicky relativné nizkym nadloZim s povrchovou zastavbou
rodinnymi domy.

3.5 Geotechnické poméry

V trase razby se nachézeji dva vyznamné geologické celky: pro-
terozoikum a paleozoikum-ordovik. Rozhrani mezi témito dvé-
ma vyznamnymi celky pak tvofi tzv. Zavistsky presmyk, ktery je
spolu s ofekdvanym sledem souvrstvi hornin zobrazen na obr. 6.
Podél struktury Zavistského prfesmyku jsou star$i horniny prote-
rozoika nasunuty na mladsi horniny ordovického stari. Zavistsky
presmyk je prikie uklonén k JV a vyskovy pohyb podél ného se
odhaduje na vice nez 1000 m. Predpoklada se, Ze je to Siroké po-
ruchové pasmo vyplnéné silné porusenymi, drcenymi a prohnéte-
nymi horninami charakteru az tektonické brekcie, které jsou silné
zvodnélé.

Razba se tak bude v celém tseku odehravat pod hladinou pod-
zemni vody. PficemZ v pfipadé proterozoickych hornin je mozné
ocekavat radoveé vyssi propustnost nez v ptipad¢ hornin ordoviku.
Proterozoikum (Pt)

Nejstarsi horniny zastiZzené v trase jsou soucasti barrandienské-
ho proterozoika. Stratigraficky nalezi svrchnimu proterozoiku, a to
litostratigrafické jednotce oznaCované jako Sté€chovickd skupina.
Tyto horniny jsou zastoupeny petrograficky nestejnorodymi velmi
slabé metamorfovanymi jemnozrnnymi horninami motského piivo-
du — bridlicemi, prachovci a drobami. Lokalné se mohou vyskyto-
vat také polohy drobovych slepenct s dobfe zaoblenymi valouny.
Horniny mohou obsahovat proniky bazickych vylevnych a Zilnych
hornin doprovazenych tufy, tufity a tufitickymi bridlicemi. Prote-
rozoické horniny celkové patii jednoznacné k nejpevnéj$im horni-
nam zastiZenym v trase metra. Typicky je jejich rozpad nepravidel-
né polyedricky, deskovity nebo roubikovity. Celé souvrstvi je pfi
povrchu lokalné postizeno intenzivnim fosilnim zvétranim velmi
proménlivé hloubky, kdy jsou horniny rozpadlé (degradované) az
na jily s proménlivou pfimési ostrohrannych tdlomkt ptivodnich

Tuel

The mechanized excavations of the running tunnels will be
realized already in phase I.D1b although in the plan view they extend
into sections .D1b and 1.D2.

Assembly of full-face tunneling machines will be carried out in the
excavated Rezerva pit. The longitudinal section is shown in Fig. 6.
From the launch, the running tunnels will be continuously excavated
to NadraZi Kr¢ station in the direction of decreasing stationing. The
pair of excavated stations Pisnice and Libu$ will be realized in phase
1.D2, the lining of the running tunnels will therefore be dismantled
and removed in the stations. The stations Nové Dvory and Nemocnice
Kr¢ will be structurally prepared in advance to the extent that both
tunneling machines can be gradually pulled through them.

The single-track running tunnels will be excavated for the entire
section with Earth Pressure Balanced Shields (EPBS), where rock/
earth pressure and hydrostatic pressure are supported by a pressure
in the working chamber of the machine during all phases of
construction (Fig. 7). The total length of one tube excavated with
EPBS is roughly 4.8km in total.

3.1 Rezerva open pit

The Rezerva open pit is situated in the area of the retention pond,
and its layout and location were designed in complex conditions
due to the proximity of 3 x DN 1200 water supply lines, local road,
retention pond and the adjacent proposed running tunnels. The
lunching NATM cavern for the TM start is designed in the Rezerva
pit at the location of the right track of a length of 75.0m in the
excavation direction. The TM start on the left track will take place in
a standard way from the open pit.

3.2 Line section Rezerva pit - Nové Dvory
(SOD 20 and 19)

Due to the fact that the cut & cover stations will be excavated after
the running tunnels, the running tunnels in construction sections
(SOD) 20 and 19 with a length of approximately 3.1km will be
excavated without being interrupted by stations construction. The
tunnels will pass from the location of the future portal at km 49.433
under the Kunratickd spojka to the area in front of the former Pisnice
meat processing plant. The spacing of the two tunnel tubes narrows
from the original value of 35.6m to 19.3m. The route continues
through the built-up area of Pisnice under Libu$skd street, through
Meteorologicka to Novodvorska street. Here it will meet the tram
line currently under construction whose terminus station will
coincide with the Libu§ metro station location. Under Novodvorska
street, the tunnels will continue to the tunnels branching in front of
Nové Dvory station (SOD 19). Several development projects are
planned along the metro line in this section, with which the design of
the running tunnels had to be coordinated. The shields will be pulled
through the Nové Dvory station and will be restarted in the short
excavations (launching caverns) for the excavations of the adjoining
section towards the Nemocnice Kr¢ station.

3.3 Line section Nové Dvory - Nemocnice Kr¢ (SOD 18)
SOD 18, the line section between the open cut Nemocnice Kr¢
station and the single-vault mined station Nové Dvory consists of
twin single-track tunnels. The length of the section which enters
the hill above the Kré Hospital in the direction of Novy Dvory
under RuZinovskd, Hurbanova, Sladkovi¢ova and Stirova streets
is approximately 0.9km. The section will pass under many tall
apartment buildings. In addition to the running tunnels (single-
track), the section contains ventilation crosspassages between the
running tunnels and a sump. The crosspassages will enable the
reduction of the piston effect from the moving train as well as the
possible evacuation of people and intervention of rescue units when




32. rotnik - €. 2/2023

Tab. 2 Predpoklddand souvrstvi ordoviku na trase raZeb EPBS (poradi podle sméru razby)

Néazev souvrstvi
ordoviku

Charakteristika

Sarecké

Sérecké souvrstvi je nejstarsim zastizenym ordovickym souvrstvim. Jedna se o jilovité, prachovité a pis¢ité bidlice. Horniny jsou
vétsinou deskovité vrstevnaté a znacné rozpukané. V Sareckych bfidlicich je typicky roubikovy rozpad hornin. Zvétrani Sareckych bridlic
je pfevazné mechanické a horniny jsou €asto jiz pfi povrchu jen slabé navétralé.

Dobrotivské

V tomto souvrstvi jsou zastoupeny dvé facie: kiemence skalecké a jilovito-prachovité bfidlice dobrotivské. Skalecké kifemence tvori
obvykle Uzké pruhy hornin v nadloZzi Sareckych bridlic. Skalecké kifemence jsou lavicovité vrstevnaté a pfiéné rozpukané. Dobrotiv-
ské bridlice jsou jilovité az prachovité. Zdravé horniny maji poloskalni charakter a maji tendenci ke kusovitému, stfipkovitému nebo
roubikovitému rozpadu. Obecné patii k malo pevnym horninam prazského predkvartémiho podkladu. Pokud je tato hornina tektonicky
poru$ena, nabyva charakteru tektonického jilu.

Liberiské

Také v tomto souvrstvi se vyskytuji dvé litologické facie hornin: kfemence Fevnické a jilovité bfidlice liberiské. Libeniské bfidlice jsou
jilovité (misty az prachovité), mékké, petrograficky shodné s bridlicemi dobrotivskymi. Jejich mocnost je kolem cca 50-150 m. Jsou to
nejméné odolné horniny prazského podkladu.

Letenské

Charakteristické rychlym stfidanim drob, pis€itych a drobovych bridlic, piskovcl a kfemencl. Celkové ma souvrstvi flySovy charakter.
Prevazuiji droby z piscitych bfidlic a desek kiemennych piskovcd. Horniny vrstev letenskych maji typickou tlusté deskovitou odluénost,
velkou az stfedni hustotu diskontinuit s limonitovymi poviaky na plochach diskontinuit a jsou husté rozpukané. Souvrstvi patfi mezi
vcelku pevné a odolné proti denudaci.

Vinické

Jsou to mekké jilovité bridlice az jilovce. Svym petrografickym slozenim a technickymi vlastnostmi jsou obdobné jako liberiské bridlice.
Jsou tence vrstevnaté, stfipkovité rozpadavé, na vrstevnich plochach limonitizované. Velmi snadno a hluboko zvétravaji, pfi¢emz zéna
zvétrani dosahuje cca 6-8 m. Patfi k nejmék&im prazskym souvrstvim.

Zahoranské

Zahoranské souvrstvi je tvofeno prevazné prachovci a bridlicemi. Pfevazné prachovité sedimenty zahofanskych vrstev na bazi a v nej-
vySSi ¢asti souvrstvi plynule prechazeji do jilovitych podloznich i nadloznich vrstev.

Bohdalecké

Table 2 Predicted Ordov

Ordovician
formation name

V zékladnim vyvoji tohoto souvrstvi jsou to prevazné mékkeé jilovité bfidlice. Misty jsou horniny jen malo zpevnéné a plisobi spise
dojmem jiloved. Podzemni voda obvykle obsahuje mimoradné vysoka mnozstvi rozpusténych sirand. Celkové se jedné o pomérné
mékké souvrstvi podléhajici intenzivnimu a hlubokému zvétrani, bézné do hloubek cca 4-6 m. Ve zvétralém stavu se horniny rozpadaji
v drobné a nepravidelné stfipky a na jilovité hliny.

ician formations along the EPBS excavation route (in the order of excavation direction)

Characteristics

Sarecké

Sérecké formation is the oldest Ordovician formation recorded. The rocks are clayey, silty and sandy shale. The rocks are mostly plate-
-layered and highly fractured. Sarecké shales disintegrate typically in a gag-like manner. The weathering of Sarecké shales is mainly
mechanical and the rocks are often only weakly weathered at the surface.

Dobrotivské

Two facies are represented in this formation: Skalecké quartzite and clay-silt Dobrotivské shale. Skalecké quartzite usually forms narrow
bands of rocks in the overburden of Sarecké shales. Rock quartzite is plate-like layered and transversely fractured. Dobrotivské shale

is clayey to silty. Sound rocks have a semi-rocky character and tend to disintegrate in a block-like, fragment-like or gag-like manner.

In general, it belongs to the less strong rocks of the Prague Pre-Quaternary bedrock. If this rock is tectonically broken, it takes on the
character of mylonitic clay. 5

Liberiské Two lithological facies of rocks are also found in this formation: Revnické quartzite and Libenské clay shale.

Liberiské

Liberiské shales are clayey (in some places even silty), soft, petrographically similar to the Dobrotivské shales. Their thickness is around
50-150 m. They are the least resistant rocks of the Prague rock base.

Letenské

Characterized by rapid alternation of wacke, sandy and wacke shale, sandstone and quartzite. Overall, the formation has a flysch
character. Wacke from sandy shale and quartz sandstone slabs predominate. The rocks of the Letenské formation have a typical thick
plate-like separation, a high to medium density of discontinuities with limonite coatings on the surfaces of the discontinuities and are
densely fractured. The formation is quite strong and resistant to denudation.

Vinické

They are soft clayey shale to claystone. Their petrographic composition and technical properties are similar to Liber shales. They are
thinly layered, fragment-like disintegrated, limonitized on the layered surfaces. They weather very easily and deeply, with the weathering
zone reaching approx. 6-8m. They belong to the softest formations in Prague.

Zahoranské

Zahoranské formation consists mainly of siltstones and shale. Predominantly silty sediments of the Zahotany formation are found at the
base, and in the uppermost part of the formation smoothly transforms into clayey underlying and overlying layers.

Bohdalecké

In the basic development of this formation, it is mainly soft clay shale. In places, the rocks are only slightly consolidated and give the
impression of claystones. Groundwater usually contains extremely high amounts of dissolved sulfates. Overall, it is a relatively soft
formation subject to intense and deep weathering, usually to a depth of approx. 4-6m. In the weathered state, the rocks break down

into small and irregular fragments and into clay.

hornin. Charakteristickd pro proterozoické horniny je velmi koli-
sajici hodnota RQD, ktera cCasto podle provedenych vrti vykazuje
hodnotu 0.

Paleozoikum — ordovik (O)

V mezistani¢nim tseku SOD 20 od prostoru pred stanici Nové
Dvory smérem na sever bude predkvartérni podklad tvofen hor-
ninami paleozoika (ordoviku). Bude zastiZzeno souvrstvi Sarecké,
dobrotivské, libenské, letenské, vinické, zahoranské a bohdalecké
(tab. 2). Posledni ¢ast razby v oblasti NadraZi Kr¢ pak bude probi-
hat v kvartérnich pokryvech (zhruba 70 m).

Z kvartérnich pokryvi se v oblasti Nadrazi Kr¢ nachazeji flu-
vidlni a deluvialni sedimenty. Z fluividlnich sedimentl prevazuji

the train stops. Under normal operating conditions, the doors in the
crosspassages remain open.

3.4 Line section Nemocnice Kr¢ - Nadrazi Kr¢ (SOD 16)

SOD 16, the line section between the excavated stations of
Nadrazi Kr¢ and Nemocnice Kr¢, consists of twin single-track
tunnels with ventilation crosspassages and a sump. SOD has a total
length of approx. 0.8km and is characterized by a relatively low
overburden and family houses on the surface.

3.5 Geotechnical conditions
There are two important geological units along the excavations:
Proterozoic and Paleozoic-Ordovician. The interface between these
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Obr. 8 Pricny rez jednokolejnym tratovym tunelem raZenym EPBS; 1. ma-
ximdlni efektivni vyrub D, 2. teoreticky vyrub D,, 3. injektovany prostor
za osténim, 4. osténi tratového tunelu — prefabrikované Zelezobetonové dilce,
5. stavebni a geometrické tolerance, 6. prijezdni priez metra, 7. kabelové
konstrukce, 8. odstupovd rampa, 9. kolejovy svrsek, 10. beton pod kolejovym
svr$kem, 11. evakuacni ldavka

Fig. 8 Cross-section of a single-track running tunnel excavated by EPBS;
1. maximum effective excavation D, 2. theoretical excavation D,, 3. grouted
gap around the lining, 4. lining of the running tunnel — prefabricated reinfor-
ced concrete segments, 5. construction and geometric tolerances, 6. subway
structure gauge, 7. cable structures, 8. walkway ramp, 9. track superstructure,
10. concrete under the track superstructure, 11. evacuation footbridge

hlinité pisky a pisky s kolisajicim podilem Stérku. Deluvialni se-
dimenty jsou zde prevazné jilovitohlinité, hlinité a hlinitopiscité.
Kvartérni vrstvy dopliiuji antropogenni navazky.

3.6 PFicny fez

Tvorba pii¢ného fezu byla prizptisobena smyslu zadavaci doku-
mentace pro vybér zhotovitele. Zadavatel uvazoval jako nominalni
primér stroje (= teoreticky vyrub) hodnotu D = 6000 mm (obr. 8).
Hodnota nadvySeni nomindlniho primeéru je volbou zhotovitele.
Toto nadvyseni (nadiez) ma zohlednit kompenzaci opotiebovavani
feznych nastroji béhem razby, umoznit razby v obloucich, poskyt-
nout bezpecnou mezeru mezi Stitem a horninou zabrafiujici uviz-
nuti stroje atd. Projekt z hlediska prichodnosti uvazuje maximalni
efektivni pramér vyrubu 6100 mm (D,,.), ktery jiZz nadfez obsa-
huje. Nadfez bude nasledné (po sestaveni prstence segmentového
osténi) vyplnén injektaZni maltou za zadni obélkou Stitu.

Pro technologii razby EPBS je navrzeno prefabrikované segmen-
tové Zelezobetonové osténi ¢ 5,3/5,8 m. Pocet dilcti v prstenci neni
zadavatelem piedepsan a zhotovitel jej miZe zvolit. Tloustka osténi
je 250 mm. Stfedni délka prstencii je navrzena 1500 mm. Skladba
prstence muze byt modifikovana v zavislosti na dopravnich a mani-
pulacnich moznostech u konkrétniho raziciho stroje. Geometricky
je pro razbu uvaZovan univerzalni prstenec, jehoZ rizné natoceni
okolo vodorovné osy umoziuje realizaci smérovych a vyskovych
oblouk pfi razbé.

Vodotésnost segmentového osténi je zajiSténa jednak vodone-
propustnym betonem a jednak elastomerovou (EPDM) izolaci ve
sparach mezi segmenty. Vnitini plocha osténi muze vykazovat
jen mirny prunik vlhkosti maximaln€ na 10 % povrchu jednotli-
vych blokt (rozpoznatelné v disledku tmavého zabarveni povrchu

Tuel

two important units forms the so-called Zavistsky fault, which,
together with the expected sequence of rock formations, is shown in
Fig. 6. Along the structure of the Zavistsky fault, older Proterozoic
rocks are pushed onto younger rocks of Ordovician age. The
Zavistsky Fault is steeply dipping to the SE and the elevation of the
fault movement is estimated to be more than 1000m. It is assumed
that it is a wide fault zone filled with heavily fractured, crushed and
kneaded rocks of the nature of tectonic breccias, which are saturated
with groundwater.

Excavation will take place below the groundwater level in the
entire section. Moreover, in the case of Proterozoic rocks, it is
possible to expect an order of magnitude higher permeability than in
the case of Ordovician rocks.

Proterozoic (Pt)

The oldest rocks encountered along the line are part of the
Barrandien Proterozoic. Stratigraphically, they belongs to the Upper
Proterozoic, namely to the lithostratigraphic unit referred to as the
Sté&chovice group. These rocks are represented by petrographically
inhomogeneous very weakly metamorphosed fine-grained rocks
of marine origin — shales, siltstones and wackes. Locally, positions
of fine conglomerates with well-rounded boulders can also occur.
The rocks may contain intrusions of basic magmatic and vein
rocks accompanied by tuffs, tuffites and tuffitic shales. Overall, the
Proterozoic rocks clearly belong to the strongest rocks encountered
along the subway line. Their breakdown is typically irregularly
polyhedral, plate-like or gag-like. At the surface, the entire formation
is locally affected by intense fossil weathering which is very variable
with the depth, and where the rocks are broken down (degraded) to
clays with a variable admixture of sharp-edged fragments of original
rocks. Proterozoic rocks are characterized by a very variable RQD
value, which often shows a value of 0 in the explratory boreholes.
Paleozoic — Ordovician (0O)

In the intermediate station section of SOD 20 from the area in
front of Nové Dvory station towards the north, the pre-Quaternary
bedrock will consist of Paleozoic (Ordovician) rocks. Formations
of Sarecké, Dobrotivské, Libetiské, Letetiské, Vinické, Zahoranské
and Bohdalecké will be encountered (Table 2). The last part of
the excavation in the area of Nadrazi Kr¢ will then take place in
Quaternary overburden (roughly 70m).

Fluvial and deluvial sediments are found in Quaternary sediments
in the area of Nadrazi Kr¢. Fluvial sediments are dominated by
loamy sands and sands with a fluctuating proportion of gravel. The
deluvial sediments here are mainly clay-loamy, loamy and loam-
sandy. Quaternary layers include anthropogenic deposits.

3.6 Cross section

The design of the cross-section complied with the tender
documentation purpose of selecting the contractor. The client
considered the nominal diameter of the tunneling machine
(= theoretical excavation diameter) to be DN = 6000mm (Fig. 8). The
value above the nominal diameter is at the contractor’s discretion.
This increase of excavation diameter (overcut) is to take into account
the compensation of the cutting tools wear during excavation,
to allow excavations in curves, to provide a safe gap between the
shield and the rock preventing the machine from getting stuck, etc.
The project considers a maximum effective excavation diameter of
6100mm (DME), which already contains the overcut. The overcut
will subsequently (after the assembly of the ring of the segment
lining) be filled with grout mortar behind the tailskin of the shield.

Prefabricated segmental reinforced concrete lining ¢ 5.3/5.8m
is designed for the EPBS excavation technology. The number of
segments in the ring is not prescribed by the client and can be chosen
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Tab. 3 Navrhované tiidy razby pro $tit EPB

Tridy razby EPBS Charakteristika a popis tidy razby

Podpora Celby je realizovana pouze kontaktem mezi feznymi néstroji a masivem. Tézebni komora neni tlakovana. Komora je naplnéna
Trida 1 (upravenou) rubaninou pouze tak, aby bylo mozné odtéZovat rubaninu $nekovym dopravnikem. Mdd je nasazen v mistech se stabilni
— otevieny mdd ¢elbou a pripadny pfitok podzemni vody do téZebni komory nezpiisobuje zadné hydrogeologické problémy pro okoli nebo provozni

problémy pro razbu.

TéZebni komora je z€asti napinéna (upravenou) rubaninou. Vysku naplnéni voli zhotovitel tak, aby byla zajiSténa stabilita Celby a aby
Trida 2 bylo pfipadné mozné udrzet pretlak stla¢eného vzduchu v komore. Mdd je nasazen tam, kde je zvySen potencidl ke kolapsu Celby

— polo-uzavfeny méd

(napf. vlivem proudici vody), nebo kde hrozi nutny rychly pfechod do uzavfeného médu. Mdd je nasazen rovnéz tam, kde je nutné
omezeni pfitoku podzemni vody ze stabilitnich dlivodu ¢i zméné konzistence rubaniny (zalepovani, odtéZovani z pracovni komory atd.).
Nasazeni modu je mozné i pfi problémech s Fiditelnosti stroje.

Trida 3
— uzavieny méd

TéZebni komora je pIné naplnéna (upravenou) rubaninou a tlakovana. Méd je nasazen tam, kde jsou oCekavané silné pfitoky podzem-
ni vody spolu s nestabilni ¢elbou nebo v oblastech, kde je problematicka fiditelnost stroje (napf. smiSena Eelba). Mdd se nasazuje

i v mistech, kde existuji specidlni pozadavky na minimalni deformaci masivu a povrchu, zvySeni bezpeénosti razby a minimalizaci rizika
plynouciho z razby.

Table 3 Proposed tunneling classes for the EPB shield

EPBS
tunneling classes

Characteristics and description of the tunneling class

Class 1 - open mode

The support of the face is realized only by contact between the cutting tools and the rock. The working chamber is not pressurized.
The chamber is filled with (conditioned) muck to such a level that it is possible to transport the muck with a screw conveyor. The mode
is used in rock with a stable face, and the possible inflow of groundwater into the working chamber does not cause any hydrogeological
problems for the nearby structures or for the tunneling.

Class 2 — semi-closed
mode

The working chamber is partially filled with (conditioned) muck. The filling level is chosen by the contractor in such a way as to ensure
the stability of the face and to possibly maintain the overpressure of the compressed air in the chamber. The mode is used where there
is an increased potential of the face collapse (e.g. due to flowing water), or where there is a potential need for rapid transition to a clo-
sed mode. The mode is also used where it is necessary to limit the inflow of groundwater for reasons of stability or for maintaining the
muck consistency appropriate for transportation (to minimize stidkiness, to enable mucking from the working chamber, etc.). The mode

can be also used in case of the machine steering problems.

Class 3 - closed
mode

betonu). Po dotyku slabé vlhkych oblasti suchou rukou by na ruce
nemély byt vidét zadné stopy vody. PriloZeny savy novinovy papir
nesmi ménit barvu kvuli absorpci vlhkosti.

3.7 Navrh razeb

Proménlivé geotechnické podminky a zejména razba v tsecich
pod povrchovou zdstavbou vyzaduje pouziti takové technologie,
ktera zaru¢i minimalni deformace terénu a zaroven vysokou rych-
lost razby. Tyto podminky spliiuje razba provadénd plnoprofilovy-
mi tunelovacimi stroji, souhrnné oznacovanymi zkratkou TM (Tu-
nneling Machines). Konkrétné v pfipadé metra D jsou navrzeny
dva zeminové §tity (EPBS) umoziiujici razbu jak v reZimu s tplnou
podporou celby (v zeminich a mékkych horninich charakteru ze-
min), tak i v reZimu bez podpory Celby (v pevnych skalnich hor-
nindch). Projekt tedy uvaZuje, Ze stroj bude schopen razit ve tfech
moédech odpovidajicich tfem tfidam razby (tab. 3).

Pozadavkem projektu je presné fizeni podptrného tlaku na celbe,
tak aby dochézelo k odchylkam od pozadovaného tlaku maximalné
+30 kPa (podpora ¢elby upravenou rubaninou) a £10 kPa (podpora
Celby stlacenym vzduchem). Stabilita ¢elby musi byt zajiSténa jak
béhem faze razby, tak béhem faze sestavovani osténi i béhem pro-
stoji. Pozadované tlaky na celbé musi byt tedy soustavné kontrolo-
véany. O tfide€ razby navrzené v projektu do zna¢né miry rozhoduje
posouzeni stability ¢elby podle predpokladanych geotechnickych
podminek. Dal§im zasadnim kritériem je rovnéZ bezpecnost razby
s ohledem na nadzemni zastavbu.

3.8 Stabilita celby a ovlivhéni nadlozi

Ovéreni stability Celby a interakce mezi masivem a EPBS bylo
provadéno v nékolika krocich. Nejprve byl proveden vypocet sta-
bility ¢elby bez vlivu proudéni uvazujici plnou kompenzaci hydro-

statického a zeminového tlaku.

The working chamber is fully filled with (conditioned) muck and pressurized. The mode is used where strong inflows of groundwater
are expected together with an unstable face or in areas where the steering of the machine is problematic (e.g. mixed face). The mode
is also deployed in places where there are requirements for minimal deformation of the ground and surface, increasing the safety of
excavation and minimizing the risk arising from excavation.

by the contractor. The wall thickness is 250mm. The mean width
of the rings is designed to be 1500mm. The ring assembly can be
modified depending on the transport and handling possibilities of a
specific tunneling machine. A universal ring assembly is considered
whose rotation around the horizontal axis enables the realization of
horizontal and vertical curves during excavation.

The waterproofing of the segmental lining is ensured on the one
hand by waterproof concrete and on the other hand by elastomeric
(EPDM) gaskets in the joints between the segments. The inner
surface of the lining can only show a slight penetration of moisture
on a maximum of 10% of the surface of the individual blocks
(recognizable by the dark color of the concrete surface). No traces of
water should be visible on the hand after touching the slightly damp
areas with a dry hand. The attached absorbent newspaper must not
change color due to moisture absorption.

3.7 Excavations design

Variable geotechnical conditions and especially excavation in
sections below surface structures require the use of such technology
that guarantees minimal ground deformation and at the same time
allows high excavation speed. Excavation carried out by full-face
tunneling machines, collectively referred to as TM (Tunneling
Machines), meets these conditions. Specifically, in the case of
Metro D, two earth pressure shields (EPBS) are designed to allow
excavation both in the mode with the full face support (in soils and
soft rocks of soil-like character) and in the mode without the face
support (in solid bedrock). The project therefore considers that the
machine will be able to excavate in three modes corresponding to
three tunneling classes (Table 3).

The projects requirement is to precisely control the face support
pressure, so that deviations from the required pressure are no more
than +30kPa (face support by conditioned muck) and +10kPa (face
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support by compressed air). The
stability of the face must be ensured
both during the excavation phase
and during the lining assembly
phase as well as during standstill.
The required face pressures must
therefore be continuously monitored.
The tunneling class proposed in the
design is largely determined by the

assessment of the stability of the face
according to the anticipated geo-
technical conditions. Another fun-
damental criterion is also the safety of
excavation with regard to the above-
ground structures.

3.8 Face stability and impact

Obr. 9 Vypoctové schéma pro posouzeni stability celby
Fig. 9 Calculation scheme for assessing the stability of the face

Vypocet bez vlivu proudeni

Pro stanoveni podptrného tlaku na celbé existuji obecné dvé
meze. Jednd se o spodni a horni hranici a aplikovany podpirny tlak
se md nachdzet vZdy mezi témito hranicemi. Dolni mez odpovida
tlaku, ktery zajisti, aby nedoslo ke ztraté stability celby. Horni mez
pak odpovida maximalnimu moznému tlaku, aby nedoslo jeho vli-
vem k protrZeni nadloZi nebo k uniku podptrného média z pracov-
ni komory $titu. Hodnoty zminénych hrani¢nich mezi se nachazeji
v zavislosti na podminkach razby rizné daleko od sebe.

Spodni mez podpirného tlaku musi zajistit minimalné podpur-
nou silu celby (S). Celkova podpurna sila se pfi plné kompenzaci
stanovi jako reakce ze souctu puisobeni zemniho a hydrostatického
tlaku (pokud puisobi). Oba tyto tlaky, které ptisobi negativné na cel-
bu, maji byt ndsobeny odpovidajicimi bezpecnostnimi souciniteli.

S=n,-E+n,-W,

7, soucinitel bezpeCnosti pro zemni tlak ma byt vy$8i nebo ro-
ven 1,5;

7, soucinitel bezpeCnosti pro hydrostaticky (porovy) tlak,
obecné je uvazovana hodnota 1,05;

S vyslednd potfebnd podplrna sila na Celbé;

E potfebna podptrna sila z divodu zemniho tlaku;

W potiebnd podptrna sila z divodu hydrostatického (pérové-
ho) tlaku.

Tento bezpecnosti koncept pochdzi z dokumentu [9] a je do-
porucovan [4], avSak neodpovida [3]. V pfipadé€, Ze je zjiSténo,
Ze podptrna sila z hlediska zemniho tlaku neni tfeba, provede se
vypocet znovu, avSak se snizenymi smykovymi parametry zemin
¢i hornin. Vypocet pak odpovidd navrhovému pfistupu 2 (kombi-
nace A2+M2+(R1)) dle CSN EN 1997-1-1. Podle tohoto navrho-
vého pfistupu jsou redukovany smykové parametry koeficientem
1,25.

Zemni tlak plisobici na Celbu se stanovi analyticky. Podptirnou
silu vyrovnavajici hydrostaticky tlak 1ze jednoduse stanovit pfi uva-
Zovani odvodnénych podminek z vysky hladiny podzemni vody nad
tunelem. Praktické zkuSenosti ukazaly, Ze Horniv mechanismus
poruseni (obr. 9) predstavuje spolehlivy zpisob pro urceni potfeb-
ného podplrného tlaku na Celbé (E,,). Tato metoda je urCena pro
feSeni stability ¢elby v nesoudrznych zeminach nebo v prostiedi
s vrstvami soudrZnych a nesoudrZnych zemin i pro poloskalni

on overburden
The face stability and verification
of the interaction between the ground
and the EPBS was carried out in
several steps. First, the face stability calculation was performed
without the influence of flow, considering full support of the
hydrostatic and the earth pressure.

zdroj DAUB, 2016 source DAUB, 2016

Calculation without the influence of flow

There are generally two limits for determining the face support
pressure. These are the lower and upper limits, and the applied
support pressure should always be between these limits. The lower
limit corresponds to the pressure that will ensure that there is no
loss of the face stability. The upper limit then corresponds to the
maximum possible pressure, so that it does not cause the overburden
break-up or the support medium to escape from the working chamber
of the shield. The values of the mentioned limits vary depending on
the excavation conditions.

The lower limit of the support pressure is represented by the
minimum face support force (S). The support force is determined
as the reaction to the sum of earth and hydrostatic pressures (if
applicable). Both of these pressures, which have a destabilizing effect
on the face, should be multiplied by the corresponding safety factors.

S=n,-E+n, W,

7, safety factor for earth pressure should be greater than or
equal to 1.5;

1, safety factor for hydrostatic (pore) pressure, a value of 1.05
is generally considered,

S the resulting support force required on the face;

E  required support force to resist earth pressure;

W required support force to resist hydrostatic (pore) pressure.

This safety concept comes from document [9] and is recom-
mended by [4], but does not correspond to [3]. If it is found that
the support force in terms of earth pressure is not needed, the
calculation is performed again, but with reduced shear parameters
of soils or rocks. The calculation then corresponds to design
approach 2 (combination A2+M2+(R1)) according to CSN EN
1997-1-1. According to this design approach, shear parameters are
reduced by a factor of 1.25.

The earth pressure acting on the face is determined analytically.
The support force equal to the hydrostatic pressure can be easily
determined when considering drained conditions from the height
of the water table above the tunnel. Practical experience has shown
that Horn’s failure mechanism (Fig. 9) is a reliable method for

determining the required face support pressure (ERA). This method




horniny. Ve vypoctu se pouzivaji efektivni smykové parame-
try. Z tohoto divodu je tedy tato metoda vhodnd pro urceni
podpurného tlaku na celbé jen pro odvodnéné podminky. Me-
chanismus porusSeni je tvofen smykovym klinem v oblasti Celby
a sloupcem, ktery tento klin pfitéZuje. Podminka rovnovéhy sil
je sestavena na smykovém klinu. Destabilizujicimi jsou v tomto
pripadé vlastni tiha klinu a pfitéZujiciho sloupce. Mezi stabili-
zujici sily patii protitlak na Celbé a tfeni na bocich smykového
klinu.

Vypocet s vlivem proudového tlaku

V pripadé, Ze predchozi posouzeni prokédzalo stabilni Celbu pro
zemni/horninovy tlak se zohlednénim koeficientli bezpecnosti,
bylo mozné provéfit stabilitu Celby s nedplnou kompenzaci hyd-
rostatického tlaku. V nékterych ptipadech razeb EPBS (v reZimu
bez podpory, s ¢astecnou nebo tplnou podporou Celby) existuje po-
kus o sniZeni podptrného (proti)tlaku pod hydrostatickou urovern
tak, aby se sniZilo opotiebeni a zlepsil postup stroje. V disledku
pouze ¢astecné kompenzace miZze podzemni voda proudit k celbé
tunelu. Proto je tfeba uvazovat Gcinky proudového tlaku vody za
dodatecné sily destabilizujici ¢elbu tunelu [1] (obr. 10). Velikost
sily porusujici rovnovéhu v disledku proudéni podzemni vody je
primarné definovana rozdilem v piezometrickych vyskdch mezi
pracovni komorou a masivem. Témito dodateCnymi silami je pak
zatézovan Hornliv mechanismus poruseni z predchoziho odstavce.
Pokud je i pfi dodate¢ném zatiZeni horninového klinu proudovym
tlakem prokézana dostatecna stabilita Celby, je pfikroceno k posou-
zeni interakce mezi horninovym masivem a strojem, s cilem posou-
zeni nedplné kompenzace hydrostatického tlaku na sedani povrchu
a pozemni zastavby.

Posouzeni interakce mezi tunelovacim strojem a masivem
Vypocet deformaci byl proveden metodou kone¢nych prvka pro-
gramem MKP GEOS firmy FINE. Prostorova napjatost v masivu
byla vzdy feSena jako dvojdimenzionalni tloha s uvaZovanim sta-
vu rovinné deformace. Postup vychazi z predpokladu komunikace
tlakti okolo EPBS (obr. 11). Tlak P2 mezi obalkou $titu a masivem
je aktivné ovliviiovan tlakem na Celbé (P1) a injektaZznim tlakem
za rub osténi (P3). Horninové prostredi bylo uvaZovano jako ne-
homogenni, izotropni a pruzné-plastické s obélkou plasticity podle
Mohr-Coulomba. S tlakem podzemni vody je pocitdno podle hladi-
ny zastiZené pfi geologickém priizkumu a vzhledem k predpokla-
dané propustnosti masivu. Je zohlednén vliv proudéni podzemni

P2 tlak mezi obélkou $titu
a masivem

P2 pressure between the shield
envelope and the massif

P1 podpiirny P3 tlak injektaze
tlak P3 grouting pressure

P1 support
pressure

zdroj Maidl et al., 2012 source Maidl et al., 2012
Obr. 11 Tlakovy model pro interakci s okolim pri razbé EPBS
Fig. 11 Model of pressures interaction with ground during EPBS excavation
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zdroj Anagnostou & Kovari, 1996 source Anagnostou & Kovari, 1996
Obr. 10 Destabilizacni sily Fx a Fz vzniklé proudénim podzemni vody
Fig. 10 Destabilizing forces Fx and Fz caused by groundwater flow

is intended for solving the stability of the face in non-cohesive
soils or in soils with layers of cohesive and non-cohesive soils as
well as for weak rocks. Effective shear parameters are used in the
calculation. For this reason, this method is suitable for determining
the support pressure on the face only for drained conditions. The
failure mechanism consists of a shear wedge in the face area and a
ground column that loads this wedge. The force balance condition
is established on the shear wedge. In this case, the self-weight of
the wedge and of the ground column represent destabilizing forces.
Stabilizing forces include support pressure on the face and friction
on the sides of the shear wedge.

Calculation with the effect of flow pressure

In the event that the previous assessment demonstrated a stable
face for earth/rock pressure taking safety factors into account,
it was possible to check the stability of the face for the case of
insufficient support to resist hydrostatic pressure. In some cases of
EPBS excavation (in mode with partial or full face support), there
is an attempt to reduce the support pressure below the hydrostatic
pressure level in order to reduce wear and improve machine
progress. As a result of insufficient support pressure, groundwater
may flow towards the tunnel face. Therefore, the effects of water
flow pressure must be considered as additional forces destabilizing
the tunnel face [1] (Fig. 10). The magnitude of the destabilizing
force due to groundwater flow is primarily defined by the difference
in piezometric levels between the working chamber and the massif.
Horn’s failure mechanism from the previous paragraph is then
loaded with these additional forces. If, even in the case of additional
load of the flow pressure acting the rock wedge, a sufficient face
stability is confirmed, in the next step, the interaction between the
rock massif and the machine is assessed to evaluate the settlement
of the surface and surface structures.

Assessment of the interaction between the tunneling machine
and the massif

The calculation of the deformations was carried out by using
the finite element method executed with GEOS FEM program of
the FINE company. Ground stress in the massif was always solved
as a two-dimensional problem with consideration of the of plane
strain state. The calculation procedure is based on the assumption
of pressures communication around the EPBS (Fig. 11). The
pressure P2 between the envelope of the shield and the massif
is actively influenced by the pressure on the face (P1) and the
grouting pressure behind the lining (P3). The rock environment
was considered as inhomogeneous, isotropic and elastic-plastic
with Mohr-Coulomb failure criterion. The groundwater pressure
is calculated according to the groundwater level measured during
the geological investigation including assumed permeability of the
massif. The effect of groundwater flow on massif deformations
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vody na deformace masivu. Z diivodu proudéni v horninach nebyl
akceptovan Terzaghiho princip efektivnich napéti a proto byl zave-
den Biotlv koeficient. Jelikoz se zde jednd o vypocet deformaci,
tedy o mezni stav pouzitelnosti, nebyly aplikovany zZadné dil¢i bez-
pecnostni koeficienty.

Prvnim vystupem vypoctil jsou potfebné tlaky na celbé pro jeji
stabilizaci s pfipadnym zohlednénim proudéni podzemni vody tak,
aby byl na jedné strané vyloucen kolaps Celby, a na druhé strané tak,
aby nedoslo k tniku podptirného média z Celby kvuli pfili§ vysoké-
mu tlaku. DalSim vysledkem vypocti je citlivost deformaci masivu
na zvoleny podptrny tlak spolu s hodnocenim ztraty objemu.

Pokud bylo vypoctem prokazéno, Ze seddni povrchu nepiekro-
¢ilo stanovenou mez 10 mm se sklonem poklesové kotliny 1/800,
byla navrZena razba pouze s ¢dste¢nou kompenzaci hydrostatické-
ho tlaku a odpovidajici tfidé razby.

4. USEK I.DB TRATOVE TUNELY NADRAZI KRC -
OLBRACHTOVA

SOD 14, tratovy usek mezi raZenou stanici Olbrachtovou a hlou-
benou stanici Nadrazi Kr¢, resi kolejové propojeni pomoci dvojice
razenych jednokolejnych tunelti se vzduchotechnickymi propojka-
mi a hloubenym dvoukolejnym tunelem. Stavebni oddil ma celko-
vou délku 743 m (obr. 6).

Vystavba celého tseku bude probihat smérem od stanice Nadrazi
Kr¢, s vyuzitim stavenist umisténych v blizkosti kfizovatky ulic
Branicka, Na Strzi a V Podzamdi. Oteviena stavebni jdma v pro-
storu této kiizovatky bude slouzit pro vystavbu celého SOD 14,
tj. hloubeného tunelu, pro razbu jednokolejnych tunelli do stanice
Olbrachtova a razbu vzduchotechnickych propojek. Pouze ochran-
na opatfeni pred razbou jednokolejnych tunelt pod povrchovym
objektem Rezidence Rozhledna v podobé ochranného destniku
z ocelovych pilot (ddle oznacovana jako metoda pipe-roofing) se
budou provadét ze staveni$té umisténého pobliz stanice Olbrachto-

Tuel

is taken into account. Due to flow in rocks, Terzaghi’s principle
of effective stresses was not accepted and Biot's coefficient was
introduced. Since this is the calculation of deformations, i.e. the
limit state of serviceability, no partial safety factors were applied.

The output of the calculations is the required support pressures
on the face, possibly taking into account the groundwater flow, so
that on the one hand the collapse of the face is prevented, and on
the other hand the blow-out of the support medium from face due
to high pressure is prevented. Another result of the calculations is
the sensitivity of the ground deformations to the selected support
pressure together with the assessment of the volume loss.

If the calculation proved that the surface settlement did not exceed
the specified limit of 10mm with a slope 1/800 of the settlement
trough, the excavation was designed with only partial compansation
of the hydrostatic pressure in correspondence to the tunneling class.

4. 1.DB SECTION - RUNNING TUNNELS BETWEEN KRC
AND OLBRACHTOVA STATIONS

SOD 14, the line section between Olbrachtova mined station and
Nadrazi Kr¢ open cut station, includes the rail connection by twin
single-track tunnels with ventilation crosspassages and an cut &
cover double-track tunnel. The section has a total length of 743m
(Fig. 6).

Construction of the entire section will take place in the direction
from Néadrazi Kr¢ station, using construction sites located near the
intersection of Branicka, Na Strzi and V Podzamci streets. The open
pit in the area of this intersection will be used for the construction of
the entire section 14, i.e. the cut & cover tunnel, single-track tunnels to
Olbrachtova station and the excavation of ventilation crosspassages.
Only the support measure of protective umbrella made of steel pipes
(hereinafter referred to as the pipe-roofing method) under the surface
structure Rezidence Rozhledna prior to the excavation of single-
track tunnels will be carried out from the construction site located
near Olbrachtova station. The height of the overburden at the portal
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Obr. 12 Zpiisob zajisténi stability vyrubu pri razbé NRTM na rozhrani pokryvnych vitvari a skalniho podloZi
Fig. 12 NATM excavation support at the interface of Quaternary sediments and bedrock
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TECHNOLOGIE PIPE-ROOFING
PIPE ROOFING TECHNOLOGY
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Obr. 13 Razba tunelu NRTM pod ochranou obdlkou z ocelovych trubek
Fig. 13 NATM excavation under the protection of steel pipes

va. VySka nadloZi u portalu stavebni jdmy ¢ini cca 8 m a smérem
ke stanici Olbrachtova se pozvolna zvySuje az na 25 m pred stanici.

Tratové tunely se budou razit dovrchné NRTM, pfi horizon-
talnim c¢lenéni Celby a zajiSfovani vyrubu primarnim osténim ze
stifkaného betonu. RaZzba se ocekdvd v bohdaleckém souvrstvi
(tab. 2), ve velmi proménlivych geologickych a hydrogeologickych
pomérech, s riznym stupném zvétrani bridlic. V portdlovém tseku
budou klenbou tunelu zastiZeny deluvidlni sedimenty a terasové
sedimenty Vltavy.

Témto slozitym a z geotechnického hlediska naro¢nym pomé-
ram odpovida také Siroka Skala navrZenych technologickych tiid
vyrubu: 4, 5a, 5b, 5cl, 5¢2 a 5¢3 (obr. 12). Od portdlu zacne razba
pod ochranou mikropilotovych destnikll s postupnym zajistova-
nim vyrubu pomoci jehel a svorniki. Nasleduje usek se snizenym
horninovym nadloZim a vyskytem terasovych $térkd, kde je nut-
né pocitat se zpeviiovanim nadloZi pomoci tryskovych injektaZzi
a s razbou pod ochrannymi mikropilotovymi deStniky, pozdéji pfi
zlepSeni geotechnickych pomért se zajiSténim vyrubu pomoci je-
hel a svorniki.

Zhruba 100 m pred stanici Olbrachtova musi razba prekonat geo-
technickou prekdzku pod objektem Rezidence Rozhledna. Stavba
je zaloZend na pilotach, jejichzZ paty jsou ukonceny cca 1,5 m nad
vrchlikem tunelu (obr. 13). Pfed jednokolejnymi tunely je proto
nutné zajistit pilotové zaklady ochrannym deStnikem z vodorov-
nych pilot, budovanych nad klenbami budoucich tunelti metodou
pipe-roofing. Ochranna obalka bude provadéna mikrotunelovanim
ze zvétsené vzduchotechnické propojky. Ochranny destnik z oce-
lovych pilot (pipe-roofing) je nutné vést v pfimé, a proto i tune-
ly budou v tomto useku v pfimé, se zvétSenym pricnym profilem,
ktery umozni pozdéjsi realizaci kolejového svrsku a vedeni koleji
v oblouku.

Pipe-roofing je metoda, kdy jsou do prostoru mezi budouci jed-
nokolejné tunely a zdkladové konstrukce (piloty) dot¢eného objek-
tu protlaceny ocelové, navzajem propojené, roury. Zainjektovani
spoju zajisti vodotésnost a nebude dochazet k pritokim piimo

of the pit is approx. 8m and towards Olbrachtova station it gradually
increases up to 25m in front of the station.

The running tunnels will be excavated by NATM along rising
alignment with heading and bench method and with support of a
primary lining made of shotcrete. Excavation is expected in the
Bohdalecké Formation (Table 2), in highly variable geological
and hydrogeological conditions, with varying degrees of shale
weathering. In the portal section, diluvial sediments and Vltava
terrace sediments will be encountered by the tunnel arch.

These complex and geotechnically challenging conditions also
correspond to the wide range of proposed tunneling technology
classes: 4, 5a, 5b, 5cl, 5¢2 and 5¢3 (Fig. 12). Excavation will begin
from the portal under the protection of micropile umbrellas, with the
gradual implementation of excavation support by spiles and bolts.
This is followed by a section with a reduced rock overburden and the
occurrence of terrace gravels, where it is necessary to reinforce the
overburden using jet grouting and micropile umbrellas, later when
the geotechnical conditions are improved the excavation is supported
with spiles and bolts.

Roughly 100m before the Olbrachtova station, the excavation
must pass under the Rezidence Rozhledna building. The building
is founded on piles whose footings are terminated approx. 1.5m
above the tunnel canopy (Fig. 13). In advance of the single-track
tunnels excavation, it is therefore necessary to support the pile
foundations with a protective umbrella of horizontal pipes, built
above the arch of the future tunnels using the pipe-roofing method.
The protective envelope will be built by micro-tunneling from an
enlarged ventilation crosspassage. The protective umbrella made of
steel piles (pipe-roofing) must be built in a straight line, and therefore
the tunnels will also be straight in this section but with an enlarged
cross-section, which will enable the later realization of the curved
track superstructure.

Pipe-roofing is a method where interconnected steel pipes are
jacked into the space between the future single-track tunnels and the
foundation (piles) of the structure in question. Grouting the joints will
ensure water tightness and there will be no leakage directly from the



32. rotnik - €. 2/2023

z pristropi. Pro zajisténi razby dvou tratovych tunelti dojde k pro-
tlaceni 2x15 ks ocelovych rour, v levém tratovém tunelu v délce
47 m a v pravém 45 m. Predpoklada se nasazeni mikrotunelovaci
soupravy s udrzenim pretlaku na celbé. Pred rourami je zatlaco-
véan plné mechanizovany mikrostit s vlastnim drticim a navadécim
systémem a s hydraulickym odtéZovanim. Ve startovaci kaverné je
umistén vodici ram, op€rna sténa, tlacna stanice a systém Cerpadel
a rozvodl. Odtézovani je pomoci bentonitového vyplachu. Presny
druh a kvalita transportniho média se urci podle geologickych pod-
minek a pomért na stavbé. Stroj vytvari tlakovou rovnovahu mezi
vyplachem a okolnim horninovym prostfedim, v¢etné¢ podzemni
vody. V projektu neni pocitano s cilovou jamou, proto bude muset
byt stroj po kazdém doraZeni do cilové pozice opét zatazen zpét do
startovaci kaverny. Z toho divodu je konstrukénim pozadavkem
pro mikrotunelovaci soupravu moznost ponechani vnéjsiho ocelo-
vého plasté v masivu a jeji zataZeni zpét do kaverny. Tento postup
bude opakovan pro kazdou ocelovou rouru. Po protlaceni budou
ocelové roury vyplnény betonem C 16/20, ¢imZ vznikne roznase-
ci ocelobetonovy nosnik pod zaklady dot¢eného objektu. Samotna
razba tratovych tuneld bude posléze probihat na plny profil pfi za-
budovani ocelovych tuhych ramad v kazdém zabéru. Raimy budou
bezprostfedné aktivovany vici ocelovym pilotdm ocelovymi kliny
a doplnény vrstvou vyztuzné sité¢ a stifkanym betonem. Stabilita
Celby bude zajisténa pomoci Celbovych kotev.

5. ZAVER

Na useku I.D1a v soucasné dobé probihaji intenzivni stavebni
prace. Pro usek 1.D1b byla projektovda dokumentace ve stupni pro
vybér zhotoviteli odevzdana investorovi. V roce 2022 probéhla
soutéz pro vybér zhotovitele. V soucasné dobé investor provadi vy-
hodnoceni podanych nabidek.
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roof. To protect the excavation of twin running tunnels, 2x15 pieces
of steel pipes will be jacked, in the length of 47m in the left running
tunnel and in the length of 45m in the right tunnel. It is assumed that
a microtunneling technology with the maintenance of overpressure
at the face will be used. A fully mechanized microtunneling machine
with its own crushing and guiding system and hydraulic mucking is
jacked ahead of the pipes. The launching cavern contains the guide
frame, reaction wall, jacking station and pumps and pipe distribution
system. Mucking is done using a bentonite slurry. The exact type
and quality of the transport medium will be determined according to
the geological conditions and site conditions. The machine creates
a pressure balance between the slurry and the surrounding rock,
including groundwater. The project does not include a receiving pit,
so the machine will have to be pulled back into the launching cavern
every time it reaches the target position. For that reason, the design
requirement for the microtunneling technology is the possibility of
leaving the outer steel skin in the massif and before pulling back
the machine into the cavern. This procedure will be repeated for
each steel pipe. After jacking, the steel pipes will be filled with
concrete C 16/20, which will create a steel-concrete beam under
the foundations of the building. Full face excavation of the running
tunnels will take place later, with the installation of steel rigid frames
in each excavation round. The frames will be immediately activated
against the steel piles with steel wedges and completed with a layer
of reinforcing mesh and shotcrete. The stability of the face will be
ensured with the help of face anchors.

5. CONCLUSION

Intensive construction works are currently underway in [.Dla
Section. The project documentation of I.D1b Section was handed
over to the investor as tender documentation. The tender was
conducted in 2022. Currently, the investor is evaluating the offers
submitted by contractors.
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