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TECHNOLOGIE RAZEB TUNELOVACIMI STROJI SE PO 30 LETECH
VRACI NA PRAZSKE METRO
TUNNEL EXCAVATION TECHNOLOGY USING TUNNELLING
MACHINES RETURNS TO PRAGUE METRO AFTER 30 YEARS

BORIS SEBESTA, FILIP SCHIFFAUER, PETR VITEK

UVOD DO HISTORIE

V prosinci roku 2009 se sen mnoha Ceskych tuneldra stal skutec-
nosti, v tento Cas totizZ byla podepsdna smlouva mezi objednatelem
Dopravnim podnikem hl. m. Prahy, a. s., a zhotovitelem SdruZeni
metro V.A (Dejvickd—Motol) slozenym z firem Metrostav a. s.,
a Hochtief CZ a. s., pro zhotoveni prodlouZeni trasy metra VA
v dseku mezi stanicemi Dejvickd (mimo) a Motol (v&etné).

Za radostnou uddlost maZeme jisté oznadit jakykoli takovy nebo
podobné realizovany projekt, ktery md schopnost zlep§it dopravni
obsluznost a tim i Zivotni komfort dot¢ené komunity, ale pro nds
tuneldre dosaZeni a naplnéni jiz vySe zminovaného snu zde spociva
spiSe v realizaci razeb tratovych tuneld tunelovacimi stroji, v tomto
pripadé zeminovymi S§tity, kde zodpovédnost za jeho uskute¢néni
ziskal vedouci dcastnik vitézného sdruZeni firma Metrostav a. s. Ve
sV&tE se pro tyto stroje pouZivd nizev TBM — EPBS, v Ceské repub-
lice se oznacuji ,,tunelovaci stroj — zeminovy Stit"“.

PrestoZe historie Ceskoslovenského, resp. Ceského tuneldrstvi
nemd v porovndni se svétovym podzemnim stavitelstvim tak boha-
tou a koSatou zkuSenost s pouZitim tunelovacich stroju, tak je jisté
nutné a spravedlivé se zminit, Ze v letech 1970-1990 razby tunelt
technologif tohoto typu na naSem tizemi jiz probihaly. Zde muZeme
zminit firmy Subterra, Metrostav a IPS, které jiz v té dobé pomérné
ispésné zrealizovaly nékolik projekta v profilech od ¢ 2,4 m do
% 5,8 m.

Pravdou ovSem zustdvd, Ze obdobi naSich prvnich raZeb, kdy
bylo u nds prvné vyuZzivdno principu strojniho raZeni, nema
s dneSni kvalitou obdobného technologického vybaveni srovndni.
Proto si snad i z téchto divodi muazeme dovolit prohldsit, Ze
moderni technologie raZeb zeminovymi 3tity bude v CR nasazena
prece jenom poprvé.

POPIS PROJEKTU

Projekt na prodlouzeni metra A v Praze pocital s protazenim linky
aZ na leti$té Ruzyné, jako logické propojeni letecké a méstské pod-
povrchové hromadné dopravy.

Cely tdsek mezi Dejvicemi a leti§tém Ruzyné byl rozdélen do
nékolika ¢dsti, z ¢ehoZ soutéZ byla vypsdna na prodlouZeni metra
A az do stanice Motol (obr. 2). V tomto tseku se nachdzeji tii raze-
né stanice (Petiiny, Veleslavin a Cerveny Vrch) a jedna hloubend

Obr. 1 Soucasnd podoba technologie EPBS (archiv Metrostav a. s.)
Fig. 1 Current EPB technology (Metrostay a. s. archives)

INTRODUCTION INTO HISTORY

A dream of many Czech tunnellers was fulfilled in December
2009, when a contract between Dopravni Podnik hl. m. Prahy,
a. s. as the client and Sdruzeni Metro VA (Dejvickd-Motol) consor-
tium, consisting of Metrostav a. s. and Hochtief CZ, a. s., as the con-
tractor signed the contract for the extension of the Line VA from
Dejvicka station (existing) to Motol station (to be newly built).

Certainly, any project which is implemented in this or similar
way, which is able to improve traffic and, therefore, also to impro-
ve the comfort of living in the given community, is a joyful event.
For us, tunnellers, the reaching and fulfilling of the above-mentio-
ned dream rather means the fact that running tunnels will be driven
using tunnelling machines (shielded machines with the face suppor-
ted by balanced earth pressure). Metrostav a. s. is the leading mem-
ber of the winning consortium who has assumed responsibility for
fulfilling of the dream. These machines are referred to as EPB
TBMs in the world, while the name of “a tunnelling machine with
the face supported by balanced earth pressure* is used in the Czech
Republic.

Despite the fact that the past experience gained by Czechoslovak
or Czech tunnelling in the use of tunnelling machines is not as vast
if compared with the underground construction sphere in the world,
it is certainly fair to say that tunnels were driven by this type of
technology in our country in the 1970-1990 period. We can mention
the companies of Subterra, Metrostav and IPS, which relatively
successfully implemented several projects in this period (2.4m and
5.8m diameters).

It is however true that the era of the initial cases of driving tun-
nels by shielded machines in our country has nothing in common
with today’s quality of similar tunnelling equipment. Probably even
for this reason we can take the liberty of stating that modern EPB
shielded machines will be really employed for the first time in the
Czech Republic (see Fig. 1).

DESIGN DESCRIPTION

The design for the metro Line A extension expected that the line
would be extended up to the Ruzyné Airport, as a logical connecti-
on between air traffic and underground urban mass transit systems.

The entire section between Dejvice and the Ruzyné Airport was
divided into several parts, of which the extension of the metro Line
A up to Motol station (see Fig. 2) was put out to tender. In this sec-
tion, there are three mined stations (Petiiny, Veleslavin and Cerveny
Vrch) and one cut-and-cover station (Motol). In terms of the tunnel-
ling techniques, the new line was divided into the Dejvice-Petfiny
section, where two EPB TBMs will be employed, and the Petfiny-
Motol section, where the NATM will be applied.

Running tunnels to be excavated by EPB shielded machines will
be driven from Petfiny toward the existing Dejvice station, where
the driving will be terminated. Individual basic parts of the EPB shi-
elded machines will be assembled at the site facility before Petfiny
station. Then the machines will be lowered through a shaft to an
assembly chamber. The whole technological unit will be assembled
in the assembly chamber, from which the machine will start the
excavation in the direction of Petfiny station. The tunnelling machi-
nes will be pulled through each of the three stations, which means
that the stations will be excavated by the NATM before the EPB shi-
elded machines arrive. The construction trench in which all logistics
for supplies and operation of the two machines will be switched
over, thus the Petfiny-Veleslavin section will be vacated for the con-
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Obr. 2 Situace trasy Metra A: Dejvice — Motol (Metroprojekt a. s.)
Fig. 2 Dejvice — Motol metro Line A layout (Metroprojekt a. s.)

stanice (Motol). Z pohledu technologie razeb se nova trasa rozdéli-
la na tusek Dejvice—Petfiny, kde budou nasazeny dva zeminové §ity
a usek Petfiny—Motol, s razbou pomoci NRTM.

Tratové tunely raZzené zeminovymi §tity se vyrazi od Petfin smé-
rem ke stdvajici stanici Dejvice, kde razbu ukon¢i. Na zafizeni sta-
venisté pred stanici Petfiny probéhne zdkladni montdZ jednotlivych
dili zeminovych $titd, které budou nésledné spustény Sachtou do
montdZzni komory. Sestaveni technologického celku probéhne
v montdzni komore s ndslednym zahdjenim raZzeb ke stanici Petfiny.
Razici stroje budou v8emi tfemi stanicemi protaZeny, coZ znamend,
Ze se stanice vyrazi pomoci NRTM jesté pred prijezdem zemino-
vych $titd. Za stanici Veleslavin je situovdna stavebni jdma, ve které
dojde k prepojeni veskeré logistiky pro zdsobovani a obsluhu obou
stroju. Tim se uvolni dsek Petfiny—Veleslavin pro pokratovéni ve
vystavbé obou stanic i vystrojeni tratového dseku. Po prepojeni
logistiky za Veleslavinem se prikro¢i k vyraZeni useku Velesla-
vin—Cerveny Vrch a po protazeni stanici Cerveny Vrch dojde
k razbé posledniho a nejdelsiho tseku ke stdvajici stanici Dejvice.

PREDPOKLADY REALIZACE

V prubéhu zpracovdvdni nabidky doSla firma Metrostav
a. s. k nékterym technickym dpravdm projektu. Jednalo se prede-
v3im o pfidéni pfistupové $toly do stanice Petfiny, zménu ve zpuso-
bu vyraZeni stanice Petfiny, zménu systému skladby segmentového
osténi a zménu systému odtéZen{ rubaniny z kolejové na pdsovou
dopravu.

Na zafizeni staveni$té u stanice Petfiny byla navrZena jedna pri-
stupovd Stola do trasy, kterd méla slouzit k razbdm dvoukolejnych
tunelt NRTM smérem k Motolu, jako pristup do montazni komory
zeminovych §titu a stejné tak i pro cely dsek strojniho raZenf{ do sta-
vebni{ jamy za stanici Veleslavin. Po ndsledném prepojeni logistiky
v tomto mist¢ méla byt Stola u Petfin vyuZita pro dorazbu stanice
Petfiny technologii NRTM, a to jiZ pfes razicimi stroji vyrazené tra-
tové tunely s plné vystrojenym segmentovym osténim. Nové navr-
Zend druhd pristupovd $tola vedend primo do stanice Petfiny umoz-
ni vyrazit stanici je$té pied piijezdem zeminovych 3titu. Toto feSen{
uspori cca 2x200 m difve nutné bouraného segmentového osténi
véetné eliminace komplikované rozrazky stanice pres prdvé jiz
vyraZené tratové tunely. Soucasné tato zména poradi pruchodu tech-
nologif stanici v ¢ase umozni optimalizovat jeji vystavbu.

Odtézba rubaniny byla puvodné navriena pomoci kolejové
a svislé dopravy, kde mély byt jednotlivé kolejové vozy vytaZeny
pomoci portdlovych jefdbu na povrch a vysypany na mezideponii.
Vzhledem i k hloubce Sachty cca 27 metra se jednalo o ¢asové veli-
ce ndro¢nou a z pohledu nutnosti strojniho vybaveni i o pomérné
ndkladnou operaci. Po zvdZeni vSech moZznych kombinaci volby
nosného odtéZovaciho média bylo nakonec jako nejlepsi feSeni zvo-
leno pouziti dopravnikovych pasu primo od $titu a ddle kontinuédlné
v celé délce tunell az na povrch s vysypem na mezideponii. Tento

tinuation of the construction of both stations
and installation of trackwork and other tunnel
equipment in this track section. After the chan-
ge-over of the logistics behind Veleslavin, the
excavation of the Veleslavin-Cerveny Vrch
metro section will start and, after pulling the
machines through Cerveny Vrch station, the
last and the longest section to the existing
Dejvice station will be driven.

CONSTRUCTION ASSUMPTIONS

Metrostav a.s. came to some technical modi-
fications of the design during the work on the
bid. The modifications comprised above all an
addition of an access adit to Petfiny station,
a change in the way of excavating Petfiny sta-
tion, a change in the configuration of lining
segments and a change in the system of muc-
king out (from rail-bound transport to belt con-
Veyors).

One access adit had been designed from the
construction site at Petfiny station. It was
expected that it would serve to the excavation
of the NATM double-track tunnels toward
Motol, providing access to the assembly cham-
ber for EPB shielded machines and, at the same time, for the whole
section to be driven mechanically up to the construction pit for
Veleslavin station. After subsequent changing over of the logistics
in this location, the adit was to be used for the completion of exca-
vation of Petfiny station by the NATM, re-excavating the fully seg-
mentally lined running tunnels pre-bored by the tunnelling machi-
nes. The newly designed second access adit, leading directly to
Petfiny station, will allow the station to be excavated even before
the arrival of the EPB shielded machines. This solution will save
approximately 2x200m of the segmental lining which had original-
ly had to be demolished, including elimination of complicated star-
ting of the excavation via the just completed running tunnels. At the
same time, this change in the order of passages of equipment
through the station during the time will make optimisation of the
construction process possible.

A rail-bound system with vertical shafts had originally been
designed for the mucking out, with individual muck cars lifted by
gantry cranes to the surface and discharged to an intermediate stock-
pile. Even because of the shaft depth of about 27 metres, this ope-
ration was time intensive and, in terms of requirements for mecha-
nical equipment, also relatively expensive. After taking all possible
combinations of the choice of the carrying medium into considera-
tion, it was eventually decided that the best solution was the use of
belt conveyors running directly from the shield and further continu-
ally throughout the tunnel length up to the surface, discharging to an
intermediate stockpile. This mucking-out system completely separa-
ted the main logistic processes, i.e. the transport of lining segments
to the tunnel up to the tunnelling machine and the transport of the
muck to the surface. In the case of Petfiny station, this system is
supplemented by a transfer point at which the muck is transferred
from the belt conveyor running in the tunnel to an independent belt
conveyor in the access adit which links to the double-track running
tunnel. Owing to the separation into two independent transportation
flows, a maximum support was obtained for reaching optimum tun-
nel excavation performance. In addition, the change of the cyclical
transportation system to the continual system significantly simplifi-
es the muck handling.

EARTH PRESSURE BALANCE SHIELD (EPB)

The main advantage of excavating tunnels by the EPBM techni-
que are high advance rates and safety of excavation. The criterion
for the excavation advance rate is the creation of a final lining
together with waterproofing in one step, simultaneously with the
continuing excavation, maintaining high level of safety as far as
existing buildings and tunnelling crews are concerned. The entire
tunnel length is covered either by the of EPB machine or
a completed reinforced concrete lining. Owing to the controlled
system of mucking out, loosening of the surrounding rock mass,
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Obr. 3 Schéma vyrovndvani tlaku na &elbé (diplomovd prdce Filip Schiffauer)
Fig. 3 Balancing pressures at the face (Filip Schiffauer’s diploma thesis)

zpusob odtézby zcela oddélil hlavni logistické procesy, coZ je
doprava segmentového osténi dovnitf ke stroji a transport rubaniny
ven na povrch. U stanice Petfiny je tento systém je§té doplnén
o presyp z tunelového pdsu na nezdvisly pds v pristupové §tole zas-
téné do tratového dvoukolejného tunelu. Ziskdnim nezdvislosti obou
dopravnich proudu byla takto ziskdna i maximdlni podpora dosaho-
véni optimdlnich vykonu raZeb, nehledé na to, Ze zména cyklické
dopravy rubaniny na kontinudlni vyrazné zjednoduSuje manipulaci
s ni.

ZEMINOVY STIT — EARTH PRESSURE BALANCED SHIELD
(EPBS)

Hlavni vyhodou razeni pomoci technologie EPBS je jeji rychlost
a bezpecnost. Kritériem rychlosti pfi realizaci tunelu je vytvoreni
definitivniho osténi i s hydroizolaci v jednom kroku pfi soubézné
probihajici razbe, a to s vysokou mirou bezpe¢nosti jak k povrchové
zéastavbé, tak i k délnikim v tunelu. Celd délka tunelu je kryta bud
vlastnim Stitem stroje EPBS, anebo jiz hotovym Zelezobetonovym
osténim. Rizenym odtéZovédnim rubaniny se minimalizuje rozvolné-
ni okolniho prostfedi a tim vznik poklesové kotliny. Porovndnim
mési¢nich postupt s metodou NRTM o adekvitnich profilech se
prokdZe drtivd prevaha technologie EPBS. Pro EPBS daného pru-
méru jiZ byl zaznamendn i §pi¢kovy postup vice nez 1000 metra za
meésic, coz obndsi vyraZeni i vystrojeni tunelu definitivni konstruk-
ci se zabudovanou hydroizolaci. Spi¢kovy vykon pro NRTM se
muze pohybovat kolem 200 metra za mésic, oviem pouze
v primédrnim osténi, takZe ndsleduji dalsi operace v podobé reprofi-
lace, realizace hydroizolace, armovani a az poté je tunel dokoncen
betondzi definitivniho osténi. Je samoziejmé, Ze vSe nejvice ovliv-
nuje zastizend geologie, av8ak i v tomto ohledu je na tom Iépe tech-
nologie EPBS, nebot’ z pohledu razeb md na ni zména geologie
vyrazné mens{ dopad.

Existuji dva zakladni typy razictho médu - otevieny a zavieny. Pri
otevieném médu vypliuje rubanina pouze &ést odtéZovaci komory
a pri uzavieném mdédu je odtéZovaci komora zcela vyplnéna rubani-
nou (obr. 3). Uzavieny méd dovoluje spolehlivé vytvaret protitlak
k tlakim okolntho prostfedi, ¢imZ eliminuje vznik rozvoliiovan{
okoli vyrubu. Nevyhodou je pomalejsi a draz§i razba. Uzavieny
moéd se pouZivd pri razbé v nestabilnim prostiedi a pri razbé pod
povrchovou zdstavbou. Naproti tomu otevieny mdd nechdvd cdst
odtézovaci komory prazdnou, coz md za ndsledek rychlejsi
a levnéjsi razbu. Nevyhodou zistdva pomalejsi reakce na neCekanou
zmeénu tlakovych podminek na Celbé. Otevieny mdd se pouZivd pro
razbu ve stabilnim prostfedi. RaZby na trase VA budou stfidavé pro-
bihat v obou razicich médech.

Pro vyrobu tunelovacich stroja byla vybrdna firma Herrenknecht,
kterd celosvétové zaujimd Celni misto ve vyvoji a produkei téchto
technologii. Nasazeny budou dva nové tunelovaci stroje typu EPBS.
Navrzené stroje maji prumér 6 metra, délku vlastniho $titu 8 metra
a zaves o délce 80 metru.
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thus also the development of a settlement trough, is minimised.
A comparison of monthly advance rates on adequate cross-sections
will prove that EPB technologies greatly prevails over the NATM.
An EPBM with the particular diameter has already achieved even
a first-rate performance over 1000 metres per month, comprising
excavation and installation of a final tunnel lining with a built-in
waterproofing system. The peak advance rate achievable by the
NATM may fluctuate about 200m per month, but only in a primary
lining. Therefore, other operations follow comprising reprofiling,
installation of the waterproofing, placement of reinforcement and,
as the final operation, casting of the final lining. Of course, everyt-
hing is most of all influenced by the geology encountered, but even
in this respect the EPBM technology wins because, in terms of
excavation, it is much less affected by changed geology.

There are two basic types of the mode of operation: an open
mode and closed mode. With the open mode, the muck fills only
part of the excavation chamber, while with the closed mode the
excavation chamber is completely filled with the muck (see Fig. 3).
The closed mode makes reliable formation of the counter-pressure
acting against the pressures exerted by the surrounding environ-
ment possible, preventing the excavation surroundings from loose-
ning. There is a disadvantage in this mode that the excavation is
slower and more expensive. The closed mode is used when driving
through an unstable environment and driving under existing buil-
dings. By contrast, the open mode leaves a part of the excavation
chamber empty; therefore driving is faster and cheaper.
A disadvantage of this mode is the fact that its reaction to unex-
pected changes in the pressure conditions at the face is slower. The
open mode is used for driving through a stable environment. The
Line VA will be driven alternately using both driving modes.

Herrenknecht AG, a company keeping leading position in the
development and production of this equipment, was selected to
manufacture the tunnelling machines. Two new EPB tunnelling
machines will be employed. The machines designed for the project
are 6m in diameter, with 8m long shields and an 80m long back-up.

A combination of cutting tools is mounted on the cutterhead,
both disc cutters and cutting knifes. The combination is important
with respect to the anticipated geological conditions. Disc cutters
are ideal for the use in hard-rock conditions, whilst cutting knifes
are more suitable for disintegrating incohesive soil-type materials.
The little protrusion of disc cutters ahead of the cutting knifes pro-
tects the knifes from a contact with hard-rock mass. Foam genera-
ting chemical aditives are added to the material being disintegrated
during the disintegration. It improves workability of the muck, its
ability to exert the counter-pressure on the face and, at the same
time, improves its consistency for the subsequent transport.

Once disintegrated, the muck is mixed with the foam in the
extraction chamber. From the chamber, it is transported via a screw
conveyor to a belt conveyor firmly connected with the EPB machi-
ne. It conveys the muck to the end of the trailing backup, where it
is discharged on a tunnel belt conveyor to continue to an interme-
diate stockpile on the surface.

Obr. 4 Axonometricky rez Stitem (Herrenknecht AG)
Fig. 4 Axonometric section through the shielded machine (Herrenknecht AG)
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Reznd hlava je osazena kombinaci feznych néstroju, a to jak vali-
vymi dlaty, tak i feznymi zuby. Kombinace je duleZitd s ohledem na
predpokladané geologické podminky. Valivd dlita jsou idedlni pro
nasazen{ ve skalnich podminkdach, zatimco fezné zuby se vice hod{
na rozpojovani nesoudrZznych materidlu, typové zemin. Malé pred-
sazeni valivych dlat chrani fezné zuby pred kontaktem se skalnim
masivem. JiZ behem rozpojovdni je do rozpojovaného materidlu pri-
ddvdna stavebni chemie, takzvand péna, kterd zlepSuje zpracovatel-
nost rozpojovaného materidlu, vyuZitelnost materidlu pro drZeni
protitlaku na Cele a soucasné konzistenci pro ndsledny transport.

Po rozpojeni se rubanina a stavebni chemie promichdva
v odtéZzovaci komore. Odtud je transportovdna $nekovym dopravni-
kem na dopravnikovy pds, pevné spojenym s vlastnim strojem
EPBS. Ten vynasi rubaninu na konec zdvésu, kde se presype na
tunelovy pds, vyndsejici rubaninu aZ na mezideponii na povrchu.

Popis zakladnich technologickych celki za¢ind feznou hlavou
s navazujici odtéZovaci komorou, kterd je oddélena tlakovou pre-
pazkou od zbytku Stitu, resp. tunelu (obr. 4). S touto pfepazkou je
spojena nejtézsi ¢ast stroje EPBS, protoZe je zde umisténa motoro-
vé jednotka, pohdnéjici feznou hlavu. Spodni ¢dsti probihd $nekovy
dopravnik na rubaninu a v horn{ ¢dsti se nachdz{ pretlakova komora
slouzici pro adaptaci pracovniki na zvySeny tlak v pfipadé nutnosti
vstoupit do odtéZovaci komory, kterd se nachazi v pretlakovém rezi-
mu. Tuto sekci po obvodé doplnuji rozpinajici lisy, tladici proti
poslednimu zbudovanému prstenci osténi a tim posouvajici cely
komplex stroje i se zdvésem vpred.

Z4vés stroje je s touto motorovou Cdsti stroje spojen mostem. Ten
je zde proto, aby celd spodni ¢4st tunelu zustala volnd pro transport
a budovani segmentového osténi. K montdZi osténi slouZi erektor,
dopravujici jednotlivé segmenty osténi do spravné pozice (obr. 5).
Na mosté se nachazi vlastni erektor, fidici kabina a dal$i nezbytné
prvky, jako naptiklad pdsovy dopravnik, ktery probihd celym kom-
plexem zdvésu stroje. Zaves tvori jednotliva technologickd centra,
potfebnd pro chod celého systému. Jednd se o hydraulickou sekei,
trafostanice, laserovy navadéci systém, sekci pro prodluZovéni ves-
kerych vedeni v tunelu atd.

Postup vlastnich praci se odviji od rozpojeni a odtéZen{ jednoho
zabéru, ktery je v délce 1,5 metru. Rotaci fezné hlavy se rozpojuje
Celba za soucasného dotovéani pénou. Takto upravend rubanina pro-
chdzi feznou hlavou do odtéZovaci komory, kde se misi s dalsi
pénou. Ndsledny transport rubaniny obstardvd $nekovy dopravnik.
V prubéhu razby se stroj posouva neustdle dopredu. Vznikly volny
prostor za Stitem, neboli prostor mezi jiZ zabudovanym osténim
a vyrubem, se musi kontinudlné vypliovat. V naSem pfipadé se
jednd o dvouslozkovou vypliovou injektdz, kterd oproti jednosloz-
kové 1épe vypliiuje potiebny prostor a rychleji a operativnéji reagu-
je na pozadovanou rychlost tuhnuti. Po doraZeni jednoho zébéru se
ukonéi odtéZovdni rubaniny $nekovym dopravnikem, nasledné je
rubanina pfenesena z pdsu na stroji na tunelovy pés. V tomto oka-
mziku se zastavi oba pasy a muze zacit montdZ betonového osténi
za pomoci erektoru. Segmenty jsou za pomoci erektoru dopraveny
na cilovd mista, posléze fixovany tlaénymi pisty a pfipojeny pomo-
ci Sroubt k predchozim segmentim. Po smontovéni celého prstence
zacind razba dal$iho zébéru.

Puvodni navrh stroje EPBS byl vylepsen o fadu technickych
detaild. Jedn4 se napiiklad o zménu pevného §nekového dopravniku
za teleskopicky, coZ pfind§i moZnost zcela vysunout $nekovy
dopravnik z odtézovaci komory a tu pak uzavfit. Pfikon motorové
jednotky pro rotaci fezné hlavy se zvysil z 800 kW na 1200 kW
s darazem na vét{ jistotu pii razbédch v tak ruznorodych geologic-
kych podminkédch, jakymi je Praha proslavena. Pridavné vazeni
odtéZené rubaniny poméhd eliminovat stav, pri kterém se nevédomé
odtézuje vice rubaniny, neZ odpovidd vyrazené vzdalenosti. Tento
stav by se mohl negativné projevit vytvorenim poklesové kotliny na
povrchu. Pro lepsi kompatibilitu stroje s osténim byl zmensen pru-
mér tla¢nych pistu a zvysen jejich polet z 26 na 32 kust (viz Vazba
na EPBS). Prestoze velkd ¢dst zmén znamenala nérast ceny stroje,
mély by se vynaloZzené prostiedky promitnout v rychlej$im
a bezpenéjsim prubéhu raZeb, coZ by ve vysledku mély byt dobie
investované penize.

1 - Feznd hlava, 2 — pfetlakova komora, 3 — tlaény pist, 4 — zadni §tit, 5 — rotatni jednotka,
6 — bezpe€nostni uzavér, 7 — Snekovy dopravnik, 8 — motorova jednotka, 9 — artikulaéni pist,
10 - hlava erektoru, 11 — erektor

1 - cutterhead, 2 — hyperbaric chamber, 3 — thrust cylinder, 4 - trailing shield, 5 — revolving
unit, 6 — safety bulkhead, 7 — screw conveyor, 8 — driving motor unit, 9 — articulation cylinder,
10 - erector head, 11 - erector

Obr. 5 Popis zdkladniho strojniho vybaveni technologie EPB (archiv
Metrostay a. s.)

Fig. 5 Description of the basic components of the EPB technology (Metrostav
a. s. archives)

The description of basic equipment units starts by a cutterhead
with an adjacent extraction chamber, which is separated by
a pressure bulkhead from the remaining part of the shield or the
tunnel (see Fig. 4). The cutterhead driving motor unit, which is the
heaviest part of the EPB machine, is connected to the bulkhead.
A screw conveyor transporting the muck is installed in the bottom
part, whilst a hyperbaric chamber allowing adaptation of the crew
to overpressure in the case of necessity of entering the extraction
chamber operating in the overpressure regime is in the upper part.
In addition, there are thrust cylinders in this section, pressing aga-
inst the last completed lining ring and shifting the entire equipment
complex with the trailing backup ahead.

The backup is connected with the driving motor part of the
machine by a bridge (see Fig. 5). The bridge allows the entire lower
part of the tunnel to remain free for the transport of lining segments
and erection of the lining. The lining is assembled using an erector,
which transfers individual lining segments to correct positions. The
bridge carries the erector itself, operator’s cabin and other necessa-
ry components, such as the belt conveyor running throughout the
trailing backup length. The backup is formed by individual techno-
logical centres required for the operation of the entire EPBM com-
plex, i.e. a hydraulic section, a transformer station, a laser guidan-
ce system, a section allowing all tunnel lines to extend etc.

The basic component of the tunnel driving procedure is the disin-
tegration and excavation of ground within one excavation round,
the length of which is equal to 1.5 metre. The excavation face is
disintegrated by a rotating cutterhead, with foam being continuous-
ly added to the muck. The muck treated in this way passes through
the cutter head to the extraction chamber, where it is mixed with
additional foam. A screw conveyor ensures the subsequent tran-
sport. When driving, the machine continuously moves forward. The
free space which originates behind the shield, which is the annulus
between the completed lining rings and the rock face, must be con-
tinually backfilled. In our case, it is backfilled by injecting a two-
component grout, which better fills the space than a one-component
grout and reacts in a more operative way to requirements for the
rate of setting. When the excavation of one round is completed, the
muck is removed by the screw conveyor to be subsequently tran-
sferred from the machine-mounted belt conveyor to the tunnel belt
conveyor. At that moment both belt conveyors are stopped and the
assembly of the concrete lining using the erector can start. The
lining segments are transported by the erector to the target points,
fixed by pressure cylinders and connected to the previous segments
with bolts. When the assembly of the ring is finished, the next
round of the excavation can start.




Obr. 6 Uspordddni segmentii v tunelu (metro Budapest)
Fig. 6 Configuration of segments in a tunnel (Budapest metro)

PREFABRIKOVANE SEGMENTOVE OSTENI TUNELU

Vyuziti prefabrikovaného segmentového osténi neni novd mys-
lenka. Tento druh osténi byl u nds jiz v minulosti Siroce vyuZivan pfi
vystavbé metra a na dalSich Zelezni¢nich i silni¢nich tunelech.
U tratovych i stani¢nich tunelu metra se vyuZivaly nejprve oceloli-
tinové segmenty a ndsledné pak betonové. Zdsadnim problémem,
ktery prefabrikované osténi prindSelo, bylo t€snéni tunelu proti
G&inkam tlakové vody. Tésnici systémy byly ndkladné (vyuzivalo se
napt. olovo) a ponékud nespolehlivé.

Novd generace segmentového osténi je charakteristickd velmi
vysokou piesnosti vyroby prefabrikdti. Geometrické odchylky jsou
minimélni, a proto tésnici pasky vloZené do zvldStnich drdzek ve spa-
réch osténi kvalitné zatésni osténi tunelu proti G¢inkim tlakové vody.

Volny prostor mezi vnéj§im povrchem osténi a vyrubem se pri-
bézné injektuje vhodnou injektdZni smési.

Ndvrhu systému osténi byla vénovédna velkd péce a systém byl
posuzovan z mnoha hledisek. Ve svété se vyuZivd fada ruznych
systémi montovaného osténi, vétSina byla podrobné posouzena
a zhodnocena. Snahou vSak bylo navrhnout optimdlni feSeni pro
dané podminky misto prostého kopirovani jiného systému s rizikem
zavedeni chyb, kdy puvodni systém v nékterém ohledu nerespektu-
je nase pozadavky.

Geometrie

Ostén{ se sklddd z jednotlivych prstenct. Délka prstence ve sméru
tunelu se voli v zdvislosti na smérovém a vySkovém vedeni trasy
a na profilu tunelu. Tratové tunely trasy VA maji profil v fddu 6 m
(5,8 vnéjsi prumér osténi), délka prstence je navrzena 1,5 metru.
Prstenec je rozdélen na nékolik segmenta. Déleni segmentt v rdmci
prstence se voli tak, aby se s jednotlivymi prvky dalo dobfe mani-
pulovat. Pro dany profil je za optimalni povaZovén pocet 6 kusu.

Prstenec osténi se buduje postupné po obvodé od jednoho zdklad-
niho s prikldddnim dalSich segmentd aZ po segment zdvérny, ktery
se nyni nejéastéji vklada ve sméru podélné osy tunelu od stroje smé-
rem k hotovému osténi. Smontovany prstenec se stabilizuje spojo-
vacimi Srouby, ndsledné pak vyplnovou injektdzi.

Na obrazku ¢&islo 6 je zndzornén tunel metra v Budapesti, kde je
vyuZzivan obdobny systém.

Velikost zavérného segmentu lze volit bud obdobné velikosti jako
ostatni segmenty, nebo vyrazné men$i, viz Vazba na EPBS.
U malych zdvérnych segmentd s ohledem na geometrii postaCuje

Yo o2

mens{ dklon podélnych spar.

Aproximace smérovych a vyskovych oblouktl

S ohledem na typizaci vyroby neni vhodné vyrdbét kazdy prste-
nec jiného tvaru tak, aby se vystihly smérové a vyskové oblouky.
Proto se vétSinou vyrdbéji viechny prstence stejné s urcitym tdklo-
nem — podstavy vélce opsaného prstenci jsou riznobézné. Piimé
vedeni tunelu se zajisti stfidavym ukldddnim prstenct v urcitych
smérech. Oblouky libovolného poloméru (vétsiho neZ je minimum
dané dklonem) lze aproximovat postupnou rotaci prstenci kolem
podélné osy tunelu tak, aby odchylky oproti teoretické trase byly
minimdln{. Schéma principu usporddéni je na obr. 7.
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The original EPBM design was improved by a range of technical
details which were added to it. For example, the firm screw conve-
yor was replaced by a telescopic one. Owing to this change, the
screw conveyor can be completely retracted from the extraction
chamber, thus the chamber can be closed. The power input for the
motor unit providing rotation of the cutterhead was boosted from
800kW to 1200kW with stress placed on higher certainty during the
driving through the highly variable geological conditions which
have made Prague famous. The additional feature for weighing the
excavated muck helps to eliminate the condition where more muck
is being removed than it corresponds to the excavated tunnel
length. This state could negatively manifest itself by the formation
of a settlement trough on the surface. With the aim of ensuring bet-
ter compatibility of the machine with the lining, the diameter of
thrust cylinders was reduced and the number of the cylinders was
increased from 26 to 32 (see Context of the EPBM). Despite the
fact that a significant proportion of the changes meant an increase
in the cost of the machine, the invested means should be reflected
in faster and safer driving, it means that the money would be rea-
sonably spent.

PRECAST SEGMENTAL TUNNEL LINING

The idea of using a precast segmental lining is not new. This type
of the lining was widely used in our country in the past, during the
construction of the Prague metro and on other railway and road tun-
nels. At the beginning, running tunnels were lined with cast steel
segments, which were later replaced by concrete ones. The funda-
mental problem brought about by the precast lining was the sealing
of the tunnel against pressure water inflows. Sealing systems were
expensive (for example, lead was used) and a little unreliable.

The new generation of segmental lining is characterised by very
high precision of the lining segments manufacture. Geometrical
deviations are minimised, therefore, sealing gaskets inserted into
special grooves in the segments provide quality sealing of the tun-
nel lining against pressure water leaks.

The free annular space between the outer surface of the lining and
the excavated ground surface is continuously filled by suitable grout
injection.

The lining system design received great care and the system was
assessed from many points of view. Many various systems of seg-
mental linings are used in the world; most of them were assessed
and evaluated in a detailed manner. The objective was to propose an
optimum solution for the given conditions, instead of simply copy-
ing another system accompanied by the risk that errors could be int-
roduced causing that the original system would not comply with our
requirements in some aspect.

Geometry

The lining consists of individual rings. The length of a ring in the
axial direction is chosen depending on the horizontal and vertical
alignment of the route and the tunnel profile. The diameter of run-
ning tunnels on the Line VA is in the order of 6m (the outer diame-
ter of the lining is 5.8m), the ring is 1.5m long. The ring is divided
into several segments. Such distribution of segments around the ring

Obr. 7 Schéma kladeni prstencii v piimém a obloukovém iiseku
Fig. 7 Scheme of the succession of rings on a straight and curved route
respectively
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1 - zékladni segment, 2 — zavérny segment, 3 — uklonéné spara, 4 — nika pro $roub,

5 — standardni kolm4 spara, 6 — pfitlacny lis stroje

1 - basic segment, 2 - keystone, 3 — oblique joint, , 4 - bolt niche, 5 - standard perpendi-
cular joint, 6 — thrust jack

Obr. 8 Clenéni segmentit v souladu s pFitlaénymi lisy
Fig. 8 Division into segments with respect to thrust cylinders

Systém navrZeny pro metro A umozZniuje zajistit vazbu mezi seg-
menty (obdobné jako u cihelného zdiva) — tzn. eliminovat spojitou
podélnou sparu — na rozdil od obr. 6, kde je vidét poruseni systému
vazby vedenim prubézné spéry. Dokonce je zde i kiiZové umistén{
spdr, které se povazuje za rizikové i z hlediska tésnosti styku izo-
la¢nich paski a tedy vodot€snosti.

Existuje i feSeni se shodnou moduldrni velikosti a v§emi podél-
nymi sparami Sikmymi. Pfi 6 segmentech pak je mozné kterykoliv
ze tif segmentu uklddat jako zdvérny. Podle poZadované rotace
prstence se uklddé jako zdvérny ten segment, ktery je v horni ¢dsti
osténi.

Vazba na EPBS

Béhem razby je pritlak stroje vyvijen hydraulickymi lisy proti
hotové Casti osténi. Normdlové zatiZeni osténi je pomérné velké.
Pokud nejsou ndvrhy osténi a stroj kompatibilni, zatéZuji se seg-
menty pritlakem stroje v libovolném misté, napft. i pres podélnou
sparu. Pfi ndvrhu osténi trasy metra VA bylo s ohledem na dsporu
materidlu poZadovdno, aby zatiZeni lisy pfi razbé pusobilo na seg-
menty vzdy ve stejnych mistech nezdvisle na rotaci prstencu.
V uvedeném piipadé je zapotrebi dodrzet soulad poctu list na stro-
ji s poltem spojovacich $roubl prstenct a Elenénim jednotlivych
segmenta.

Vzhledem k omezenému prostoru pro lisy pri uziti osténi
o tloustce 25 cm je vyhodné vyuZivat lisy mensiho profilu uspora-
dané do skupin — dvojic.

Pro stavbu byly zvaZovany 2 systémy:

— 6 stejné velkych segmentu, z toho 3 zdvérné s 12 skupinami lisu

na stroji a dhlem rotace prstenct v ndsobku 30°;

— 5 stejné velkych segmentt a 1 maly zdvérny (velikosti 1/3 stan-

dardniho) s 16 skupinami lisd a dhlem rotace prstenct
v nasobku 22,5° (obr. 8).

Oba systémy umoznuji vazbu (stfidan{) podélnych spdr, tak aby
74dnd spara nebyla prabéznd, a rovnéz splnuji uvedend kritéria pro
pusobeni zatizeni béhem raZby. Po vyhodnoceni vSech piinosu
a nevyhod byl zvolen systém uvedeny pod bodem 2.

Vzhledem k robustnosti konstrukce se povazuje pritlak na jiz
namontované segmenty pomoci lisi stroje za dostateény, tak aby
nedochézelo k jejich sesedédni. Ndsledné vloZen{ zdvérného segmen-
tu by tedy nemélo byt problematické ani pokud bude vklddan
v dolni ¢asti osténi.

is chosen which allows easy handling of individual elements. The
optimum number for the given profile is six.

The lining ring is erected in steps around the circumference, from
one basic segment and the others being added up to the keystone,
which is most frequently inserted in the axial direction, from the
machine toward the previously completed ring. Once assembled, the
ring is stabilised by connection bolts and, subsequently, by annular
grouting.

Figure 6 shows a Budapest metro tunnel, where a similar system
is used.

Dimensions of the keystone can be selected to be either similar to
dimensions of the other segments or significantly smaller (see
Context of EPBM). Smaller keystones require smaller tapering of
longitudinal joints with respect to the geometry.

Approximation of horizontal and vertical curves

Taking into consideration the standardisation of the manufacture,
producing each ring with different geometry with the aim of satis-
fying horizontal and vertical curves, is not reasonable. For that rea-
son identical rings are mostly manufactured, with certain tapering —
the bases of a cylinder circumscribing the ring are non-parallel.
Straight alignment of the tunnel is achieved when the rings are
installed alternately in certain directions. Various radius curves
(smaller that the minimum given by the taper) can be approximated
by staged rotation of the rings around the longitudinal axis of the
tunnel so that deviations from the theoretical alignment are minimi-
sed. The system principle chart is shown in Fig. 7.

The system which is designed for the metro Line A allows a bond
pattern to be created between segments (similar to brickwork),
i.e. to eliminate continuous longitudinal joints, in contrast to Fig. 6,
where the bond pattern is upset by a continual longitudinal joint.
There is even a cruciform joint in the picture, which is considered
risky in terms of the tightness of the joint between sealing gaskets,
therefore also in terms of waterproofing properties.

A solution even exists with identical modular sizes and all longi-
tudinal joints oblique. With 6 segments forming the ring, it is pos-
sible to install any of 3 segments to fulfil the role of a keystone.
Depending on the required rotation of the ring, the segment which
is found in the upper part of the ring is installed as the keystone.

Context of the EPBM

The machine thrust during the course of the excavation is produ-
ced by hydraulic cylinders, acting against the completed part of the
lining. The normal forces acting on the lining are relatively large.
Unless the lining design and the machine design are compatible, the
segments are loaded by the machine thrust at random points, for
example even through a longitudinal joint. When the design for the
metro VA tunnels lining was being carried out, it was required with
respect to material savings that the thrust cylinders during excavati-
on acted on lining segments always at the same points, indepen-

1 — segment, 2 — tésnéni ve spafe, 3 — nika pro hlavu $roubu, 4 — priichodka pro $roub,
5-hmozdina / 1 — segment, 2 — joint sealing, 3 - bolt head niche , 4 — bolt sleeve, 5 — dowel

Obr. 9 Uspordddni spdry mezi segmenty s tésnénim
Fig. 9 Configuration of the joint between segments and gaskets
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Obr. 10 Sklddka segmentii vybavenych tésnénim a preklizkami
Fig. 10 Stocking facility for segments fitted with sealing gaskets and plywood

Vyroba segmenti

Segmenty se vyrdbéji ve specializované vyrobné ukldddnim betonu
do robustnich velmi presnych forem, které zabezpeluji geometrickou
pfesnost vyrobku. Do forem jsou vloZeny prvky vytvéfejici prohlub-
né pro vzdjemné propojeni segmentt kuZelovymi koliky a vloZky do
bednéni za Gelem vytvoreni nik pro hlavy Sroubu. Vyztuz se vklada
do forem jako predem vyrobeny svafeny armoko§. UloZeny beton je
vibrovén priloznymi vibrdtory pfipevnénymi na konstrukci formy.

Vyrobu je mozné usporddat dvéma systémy:

Stacionarni typ, kde jsou formy ustaveny na misté a veskery
materidl je dopravovan na jednotlivé pozice forem.

Karuselovy typ, kde se formy pohybuji na kolejnicich mezi jed-
notlivymi pracovisti. Soucdsti byvd i proteplovaci komora, kde
beton zraje.

V pripadé vyroby pro trasu metra VA se predpoklddd staciondrni
typ vyroby.

Na vybetonované segmenty se osazuje tésnéni proti tlakové vode.
Tésnéni je predem vyrobeno ve tvaru uzavieného rdmu, ktery pres-
né odpovidd rozmérum daného segmentu. Tésnéni se navlékne do
drdzky a ndsledné prilepi k betonu (obr. 9 a 10).

V nékterych pripadech se na jednu stranu segmenta na sty&énou
plochu mezi prstenci jesté lepi preklizka, kterd zajiStuje lep$i rozne-
seni napeti mezi prstenci pfi pritlaku stroje (obr. 10). VyuZiti pre-
klizky je zvaZovdno i v naSem pripadé.

Vystrojené segmenty se uklddaji na sklddku, a to bud nalezato
v poloze "U", kdy mohou byt plné vystrojeny, nebo piipadné nasto-
jato, kdy je zapotrfebi nalepit tésnéni az ndsledné, aby se pri sklado-
vani neposkodilo. Po zatvrdnuti betonu jsou segmenty pfipraveny
pro montdz osténi.

Dimenze osténi

Béhem vystavby jsou betonové segmenty zatiZeny riznymi typy
zatizeni, které muZeme rozdélit na dogasna a definitivni.

Usporny néavrh osténi vychdzi z predpokladii, Ze pro dimenzi osté-
ni jsou rozhodujici definitivni zatiZeni — vliv horninového prostredi
a zatiZen{ definitivnim provozem.

Pro ostatni doCasnd zatiZeni jako zejména manipulace a skla-
dovdni je vhodné navrhnout takovd opatreni, aby tyto vlivy nevyZa-
dovaly zesileni prvku ani navySen{ procenta vyztuZeni. Vyjimkou je
lokdlni normélové zatiZeni osténi lisy pri razbé stroje, které je nato-
lik vyznamné, Ze vedlo k potfebé zvySeni pevnostni tfidy betonu.

Injektaz za rub osténi

Volny prostor mezi rubem ostén{ a horninou je vypliiovén injektéz-
ni hmotou. Hmota je vpravovana za rub osténi béhem razby — tedy
posunu stroje. Lze zajistit, Ze za osténim je udrZovan permanentné
injektdzni tlak odpovidajici tlaku horninového prostredi. Toto je dal$i
z efektl minimalizujicich rozvolnéni horniny a tedy poklesy na
povrchu.

InjektdZzni hmota je vhanéna trubkami vedenymi podél §titu za rub
osténi. Nen{ proto potrebné injektovat skrz osténi a naruSovat tak
celistvost segmentu a vyvdiet misto s nebezpe¢im pruniku vody do
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dently of the rotation of lining rings. In this particular case it is
necessary to maintain the number of thrust cylinders consistent with
the number of circumferential joints between the rings and the con-
figuration of individual segments.

Because of the constrained space for the cylinders applied when
a 25cm lining is used, it is advantageous if smaller-diameter thrust
cylinders are used and arranged in groups - couples.

The following two systems were considered for the construction:

1. 6 segments with identical sizes, 3 of them of the keystone type,
with 12 groups of thrust cylinders on the machine and the ring
rotation angles equal to multiples of 30°.

2.5 segments with identical sizes and 1 small keystone (with the
size equal to 1/3 of the basic segment), with 16 groups of cylin-
ders and the ring rotation angles equal to multiples of 22.5°
(see Fig. 8).

Both systems allow the bond (alteration of longitudinal joints) to
be designed in a pattern where no joint is continuous and both meet
the above-mentioned criteria for the action of loads during the tun-
nel excavation. When all benefits and disadvantages had been asses-
sed, the system presented under point #2 was chosen.

With respect to the robust design of the structure, the thrust acting
on the already installed segments by means of hydraulic cylinders
installed on the machine is considered sufficient to prevent them
from sinking. The subsequent insertion of the keystone should not
be problematic even if it is to be inserted in the bottom part of the
lining.

Manufacture of segments

Segments are manufactured in a specialised plant, where concre-
te is cast into robust, high-precision moulds, which guarantee
dimensional and geometrical accuracy of products. Elements for-
ming the recesses required for joining the segments by conical pins
and the elements forming niches for heads of bolts are inserted into
the mould. Reinforcement is inserted into moulds in the form of pre-
fabricated welded cages. Concrete in the mould is compacted by
means of external vibrators fixed on the mould body.

The production can be arranged in the two following systems:

1. A stationary type, where the moulds are installed on one spot

and all materials are transported to them.

2. A carrousel type, where moulds move on rails between indivi-
dual work places. A heat curing chamber is usually part of the
system.

As far as the production for the metro Line VA is concerned, the

stationary type is planned.

After casting, the segments are fitted with high-pressure sealing
gaskets. The sealing is prefabricated in the shape of a closed frame
the dimensions of which precisely correspond to the dimensions of
the particular segment. The gaskets are inserted into the grooves and
glued to the concrete (see Figures 9 and 10).

In some cases, plywood is glued to one side of the segments, in
the radial joints. This system provides better distribution of stress
between the rings when the thrust is acting (see Fig. 10). The use of
the plywood is under consideration even in our case.

Complete segments with gaskets are stored at a stocking facility.
They are either stacked in a “U” position, where they can be fully
fitted with the gaskets, or on edges, where the gaskets must be glued
subsequently so that damaging during the storage is prevented.
When the concrete hardening process is finished, the segments are
prepared for assembling of the lining.

Dimensions of the lining

During the course of the construction, the concrete segments are
loaded by various types of loads, which can be categorised as tem-
porary loads and permanent loads.

An economical design is based on assumptions that definite loads,
i.e. the effects of the ground environment and loads induced by the
final operation, are crucial for dimensions of a lining.

As far as other temporary loads are concerned, first of all segment
handling and stocking, it is reasonable to propose measures owing
to which no increasing of the thickness of the segments or increa-
sing of the ratio of concrete reinforcement is required. The normal
forces exerted by the thrust cylinders during the tunnel driving are
an exception. This is so important that it led to a necessity of incre-
asing the concrete grade.



19. rocnik - €. 2/2010

1 - §tit, 2 — piitlacny lis posunuijici 8tit, 3 — montaz segmentu, 4 — montovany prstenec,

5 — tésnici kartace nebo plechy, 6 — hotovy prstenec, 7 — zpétn4 klapka, 8 — zainjektovany
prostor 1 — shield, 2 — thrust cylinder pushing the shield, 3 — installation of segments,

4 —lining ring being assembled 5 — brush-type or steel sheet tail seals, 6 — complete ring,
7 — back-flap, 8 - space filled with grout

Obr. 11 Schéma uspordddni vystavby osténi v prostoru $titu
Fig. 11 Assembly of a lining ring inside the shield

tunelu. Schéma uspordddni stroje je zobrazeno na obr. 11.

K injektazi existuji dva zdkladni pristupy:

— Jednoslozkovd injektdZni hmota na bdzi béZznych cementovych
malt, kde hlavnimi slozkami jsou kamenivo, cement, voda
a pfisady upravujici tuhnuti.

— Dvouslozkova injektdZni hmota na bazi geld, kde hlavnimi sloz-
kami jsou voda, cement, bentonit a gelovaci prisada, kterd se
pridava do smési az v injektdZzni hlavici.

Hlavni vyhodou gelové injektdze je jeji snadnd doprava do tune-
Iu Cerpanim v potrubi. JelikoZ je znaéné mnozstvi vody ve smési
vdzéano predevsim gelovou strukturou, vznikajf obavy z dlouhodobé
objemové stability hmoty, zda nebude vdzand voda vlivem zatiZen{
vytlacovdna do okoli.

Problematice je vénovdna patfi¢nd pozornost a dvouslozkova
injektdzni hmota bude dlouhodobé laboratorné zkouSena. V pripadé,
Ze se potvrdi jeji objemova stabilita, bude v projektu uplatnovan
tento typ injektdze.

ZAVER

Vyuziti modern{ technologie razby zeminovymi §tity poprvé v CR
je pro spolenost Metrostav a. s. vyzvou. Pfiprava a aplikace jedno-
tlivych dil¢ich technologii vyZaduje komplexni ndhled na proble-
matiku se zhodnocenim $irokého spektra vlivu.

Velmi rozli¢nd geologickd struktura zdjmové lokality vede na uni-
verzalni stroj, ktery zvlddd razbu jak v otevieném, tak uzavieném
moddu. RovnéZ podminky pro montdZ a demontaz stroje ve stisné-
ném podzemi jsou limitem urenym projektem.

Kromé vlastniho stroje je vénovén duraz na feSeni logistiky —
odvoz rubaniny a zdsobovdnf stroje, kde rovnéZz existuje nékolik pri-
stupt a vybér nejvhodnéjsiho je ovlivnén fadou faktoru.

Prefabrikované segmentové osténi nové generace prindsi radu
technologickych problému, které je tfeba vyfesit. Nelze jen kopiro-
vat zkuSenosti ze stdtu, kde je tento zpusob vystavby jiZ rozsiten, ale
je zapotiebi technologii pfizpusobit na$im podminkdm. At uz se
jednd o specifické podminky horninového prostedi, nebo i vyrobni
moznosti v nasi ekonomice.

Problematika je feSena velmi Siroce a veskeré moZnosti jsou pecli-
vé zvaZovdny a ovéfovany. Pevné véfime, Ze tak peclivd predvyrobni
priprava bude ztiro¢ena v podobé ispésné realizace a schopnosti takto
vyjime¢né technologie ndm k tomu budou ndgpomocny.

Dosud se psalo, Ze razba tunelovacimi stroji znamend budoucnost
pro realizaci podzemnich dél. Jsme radi, Ze firma Metrostav a. s. ma
moZnost se chopit této vyzvy a prvni razbu v Ceské republice
s technologii EPBS provést.
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Backgrouting

The empty annular space between the outer side of the lining and
the rock face is backfilled with grout. The grout is injected behind
the outer side of the lining during the excavation, during the shield
pushing operation. It is possible to ensure that a permanent grouting
pressure corresponding to the ground pressure is maintained behind
the lining. This is another one of the effects minimising the rock
loosening process, thus also minimising the surface settlement.

The grout is pumped behind the outer side of the lining through
tubes running along the shield. It is therefore unnecessary to inject
grout through the lining, thus to compromise structural integrity of
the segments and create points at which leakage of water into the
tunnel is a threat. The chart of the tail shield and the lining is pre-
sented in Fig. 11.

There are two approaches toward injecting the grout:

1. One-component grout based on common cement mortar, where
the main components are aggregates, cement, water and additi-
ves regulating the rate of setting.

2. Two-component, gel-based grout, where the main components
are water, cement, bentonite and a gelling additive, which is
added to the mixture at the grouting head.

The main advantage of the gel-based grout is the fact that it is
easy to transport into the tunnel by pumping through a pipeline.
Since a significant amount of water in the grout is bound to the gel
structure, there are fears about long-term stability of the material,
whether the bound water will not be forced to the surroundings.

This problem is paid due attention and long-term tests will be
conducted on the two-component grout. If its volumetric stability is
confirmed, the design will apply this type of grout.

CONCLUSION

The application of the modern tunnelling technology using shi-
elded machines with the face supported by balanced earth pressu-
re for the first time in the Czech Republic poses a challenge for
Metrostav a.s., the contractor. The preparation and application of
particular partial technologies calls for comprehensive viewing of
the problems combined with assessing of a wide range of influen-
ces.

The very variable geological structure in the area of operations
leads to the decision to use a universal machine, which is capable
of driving in both modes, closed and open. The conditions for the
assembly and dismantling of the machine in the constrained
underground space are also a limiting factor following from the
design.

Apart from the machine itself, attention is paid to solving pro-
blems of logistics, i.e. the muck removal and supplying materials
to the machine. There are also several attitudes possible and the
selection of the most suitable is affecter by many factors.

The new-generation precast segmental lining brings about
a range of technological problems which must be solved. Simple
copying of experience from the states where this construction tech-
nique has already been widely spread is impossible. The technolo-
gy must be adjusted to our conditions, both in terms of the speci-
fic ground environment conditions and the production potential of
our economy.

The problems are being solved in a very wide manner and all
options are being duly considered and verified. We have complete
confidence that the thorough construction planning will bear inter-
est in the form of successful implementation of the works and the
abilities of this outstanding technology will help us to achieve this
target.

Constructing tunnels with tunnel boring machines is considered
to be the future for the underground construction industry. We are
happy that Metrostav a.s. has been given the opportunity to res-
pond this challenge and carry out the first EPBM drives in the
Czech Republic.
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