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Vazeni ¢tenari ¢asopisu Tunel,

v dobé, kdy se vam dostdvé do ruky toto Cislo Casopisu, proziva nase odbornd tunelarskd verejnost velky svatek. Kond se jiz
12. mezindrodni konference Podzemn{ stavby Praha. Takova uddlost je vzdy podnétem k ohlédnuti se nazpét i k zamysleni jak dal.

Neni pochyb o tom, Ze jsme za posledni tfi roky opét urazili notny kus cesty dopredu. Zcela novou technologii byly ispesné
vyrazeny tunely prodluZované trasy metra A v Praze. S novymi pozadavky vyplyvajicimi z této technologie drzela krok doved-
nost projektantu i geotechnicky monitoring.

Podrobné budou jisté technické novinky uskute¢néné behem uplynulého tiiletého obdobi, a to nejen na této stavbé, hodnoce-
ny na zahajované konferenci. Ur¢ité ale muzeme jiZ nyni fici, Ze naSe podzemni stavitelstvi zdatné drzi krok se svétovym vyvo-
jem. Dukazem toho je i velkd mezindrodni d¢ast na nasi konferenci.

Pri tivahach jak ddl bychom ale neméli zapomenout na problémy, které pred nés stavi souc¢asna doba. Jestlize se muzeme pys-
nit schopnosti zvladat nejmodernéjsi technologie a projektovat odvaznd a moderni stavebni dila na evropské trovni, tak nepo-
chybné rezervy jesté jsou v oblasti pfipravy a organizace vystavby. Pokud v neddvné dobé nastaly na nekterych nasich stavbach
néjaké problémy, jejich pri¢iny byly vzdy prave zde. Posun v této oblasti je v naSich rukdch a jisté neni pochyb, Ze k nému dojde.

Téz$i ulohou bude vyporadat se se soucasnou ekonomickou a spolecenskou krizi. Ty se projevuji jako nedostate¢nd schopnost
orgédnu statni spravy systematicky se starat o pripravu novych investic a zajiStovat pro né potiebné finanéni zdroje. VSichni zndme
tezkosti s financovanim dvou soucasnych nejvétsich prazskych dopravnich staveb, problémy s vlekoucimi se vybérovymi fizenimi
a netrpelivé a marné prihlizime k nekone¢nému tapani okolo rozhodovéni o dal§im rozsahu a smérovani infrastrukturnich staveb.

Tuto situaci, i kdyz jeji pfi¢iny jsou mimo nasi profesni komunitu, zjevné nebude mozné vyresit bez nasi angazované a fun-
dované ucasti.

I o tom by se méelo na konferenci a v jejich kulodrech rokovat.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,

¢len redakéni rady

Dear Tunel magazine readers,

You are receiving this issue of the magazine at the time of an important event for the Czech tunneling public. The 12t
International Conference Underground Constructions Prague is taking place. Such event always represents an opportunity to
look back and to think about the future.

There is no doubt that we have made a great step ahead during the past three years. A brand new technology has been success-
fully used to extend the tunnels of metro line A in Prague. Both the designers and geotechnical monitoring contractors were able
to keep pace with the new requirements of this technology.

Technical innovations achieved not only in this project during the past three years will be surely discussed during the current
conference. We can already say with certainty that our underground engineering keeps pace with the world development. An evi-
dence of this is a great international representation in Czech conference.

While considering the next steps, we should not, however, forget the issues of the current time. Although we can proudly state that
we are able to manage the state-of-the-art technologies and to design challenging and modern engineering projects of the European
level, there are apparent reserves in the areas of construction preparation and organization. Any recent problems at some of our con-
struction sites always originated from here. Improvement in this area is in our hands and there is no doubt that it will happen.

A more difficult task will be to face the current economic and social crisis. It manifests itself through insufficient ability of
state authorities to provide systematic care and preparation of new investments and to obtain required funding for new projects.
We are all aware of the problems with financing of two major transport infrastructure projects in Prague, problems with delay-
ed tenders, we all impatiently and to no effect watch never-ending fumbling after decision making about future scope and direc-
tion of infrastructure projects.

This situation clearly cannot be resolved without our committed and well-based participation despite its causes are outside our
professional community.

This should surely be one of the topics discussed both during the conference and in the lobby.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
Member of the Editorial Board
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VAZENI CTENARI!

Jsem rad, Ze vds mohu jménem akciové spolecnosti
Metrostav oslovit praveé v tomto &isle Casopisu Tunel. Je totiz
vyjimecné tim, Ze jej obdrzi nejen jeho pravidelni odbératelé,
ale také vSichni ucastnici 12. mezinarodni konference Pod-
zemni stavby Praha 2013. Podporili jsme ji jako jeden z hlav-
nich partnert a doufdme, Ze bude pfinosem pro celou tunelaf-
skou komunitu.

V této souvislosti bych chtél vyjadrit své osobni podékovani
predevsim fadé vyznamnych zahrani¢nich odborniku, kteff se
do pripravy konference zapojili a ochotné pfijali ukol prednést
na ni své kli¢ové prednasky Ci prispévky v jednotlivych sek-
cich. Mgj dik patif i v§em, kdo do jejiho sborniku poslali své
odborné prispévky ¢&i se rozhodli tohoto mezindrodniho tune-
larského setkdni zdcastnit.

Konference, kterou Ceskd tuneldiskd asociace porada
v tfiletém intervalu a na jejiz pripraveé se podili i Slovenska
tuneldrska asocidcia, je prilezitosti ke zhodnoceni vyvoje pod-
zemniho stavitelstvi v uplynulém obdobi. Z hlediska
Metrostavu mohu s radosti konstatovat, Ze jeji uplynulé ro¢ni-
ky pozitivné pfispély i k pokroku vystavby podzemnich staveb
v Ceské republice.

Svédei o tom také ¢ldnky autort z nasi spolenosti zverejné-
né v tomto Cisle ¢asopisu. Tykaji se predev§im staveb tunelo-
vého komplexu Blanka na meéstském okruhu v Praze
a prazského metra V.A. Prdavé u posledné jmenovaného dila
bych chtél poukazat na tspé$né nasazeni dvou zeminovych
stitt (EPBS), které Metrostav zakoupil od némecké firmy
Herrenknecht. Rychlé, kvalitni a bezpecné dokonceni razeb
tratovych tuneld metra pomoci EPBS potvrdilo, Ze rozhodnuti
pouZit tuto technologii bylo spravné. Ceské tunelafstvi se jejim
zvladnutim vyznamné posunulo.

Musim vSak bohuZel poznamenat, Ze soucasnd situace na
trhu stavebnich praci — a to i segmentu podzemnich staveb —
neni v Ceské republice pfizniva. Pfitom dopravni infrastruktu-
ra, hlavné modernizace Zelezni¢ni sité, bude u nds bez nich dél
stagnovat a zaostdvat za evropskym prumérem. Nechténym,
i kdyZ pozitivnim dopadem této situace vSak je, Ze se naSe spo-
le¢nost snaZzi stdle vic prosazovat v zahrani¢nim konkuren¢nim
prostiedi. Je to sice obtizné, o naSem dspéchu ale sveéd¢i tieba
tcast na stavbé metra v Helsinkéch.

Zavérem mi dovolte, abych jménem Metrostavu jesté jednou
privital v Praze vSechny t¢astniky konference Podzemni stav-
by Praha 2013 a jejimu prabéhu poptfdl mnoho dspécha.
Podzemnf stavitelstvi je krdsnd profese i proto, Ze se pfi ni ¢lo-
veék dostdvd do teésného kontaktu s nesmirné variabilnim pfi-
rodnim prostfedim. Priprava a provadeéni takovych staveb
proto nikdy nenf rutinni a vZdy vyZaduje byt na drovni nejlep-
Sich souCasnych znalosti a stavitelského umu.

Vérim, Ze k tomu prispéje i vyména zkuSenosti na
leto$ni prazské konferenci.

DEAR READERS!

I'am glad I have the opportunity to address you on behalf of Metrostav
joint-stock company just in this particular TUNEL journal issue. This
issue is exceptional because of the fact that it will be received not only
by regular subscribers but also by all attendees to the 12th international
conference, Underground Construction Prague 2013. We have suppor-
ted it as one of the main partners and believe that it will be a contribution
for the entire tunnelling community.

In this context, I would like to express my personal thanks, first of all
to the number of prominent foreign experts who participated in the con-
ference preparation and willingly undertook the task to deliver keynote
lectures or papers in individual conference sections. My thanks also go
to all those who have sent their technical papers or decided to attend this
international tunnelling meeting.

The conference, which is held every three years by the Czech
Tunnelling Association and is prepared in collaboration with the Slovak
Tunnelling Association, is an opportunity to assessing the development
of the underground construction industry during the course of the past
period. From the point of view of Metrostav, I am pleased that I can state
that the previous years even positively contributed to the progress in the
development of underground structures in the Czech Republic.

This fact is among others suggested by papers prepared by authors
from our company, which are contained in this journal issue. They refer
first of all to the structures which are parts of the Blanka complex of tun-
nels located on the Prague City Circle Road, and the 5th extension of the
Prague metro line A. It is just the latter project which I would like to
mention in the context of the successful employment of two Earth
Pressure Balance Shields (EPBS), which were purchased from
Herrenknecht AG, Germany. The quick, good quality and safe comple-
tion of the drives of the metro running tunnels using the EPBS confir-
med that the decision to use this technology was correct. The Czech tun-
nelling industry has made a significant step forward by mastering it.

Unfortunately, I must remark that the current situation on the con-
struction market, even in the segment of underground construction, is
not favourable in the Czech Republic. Without these structures the tran-
sportation infrastructure, first of all the upgrading of railway network,
will stagnate in our country and lag behind the European average. An
unwished, even though positive, result of this situation is that our com-
pany more and more seeks to promote itself in the competitive environ-
ment abroad. It is true that it is difficult, but our success can be docu-
mented, for example, by our involvement in the metro construction in
Helsinki.

To conclude, allow me once more to welcome all attendees to the con-
ference Underground Construction Prague 2013 in Prague on behalf of
Metrostav a. s. and wish lots of success to its dealings. Underground
construction is an enchanting profession even because of the fact that
during the work one gets in close contact with the immensely variable
natural environment. The preparation and implementation of such pro-

jects is therefore never routine. It always requires the
level of the best current knowledge and building skills to
be attained. I truly believe that the exchange of experien-
ce during this year’s conference will contribute to it.

ING. PAVEL PILAT
generalni feditel Metrostav a. s.

General Director of Metrostav a. s.
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VAZENI CITATELIA,

som velmi rdd, e mdm prilezitost’ sa prihovorit' v Gvode prvého
¢isla v roku 2013 k vam, ako aj k ucastnikom ,, /2. medzindrodnej
konferencie Podzemné stavby Praha 2013 .

Vzdy si s poteSenim precitam tento Casopis, ktory nam priblizu-
je odborne na velmi kvalitnej drovni aktudlne dianie v podzemnom
stavitelstve, ako aj smer vyvoja do budidcnosti.

Utast' na konferencii je pre kazdého zdrojom cennych informacif
z domova, aj zo zahranicia. Zorganizovat’ tito konferenciu bolo
urcite ndrocnejSie ako kedykolvek v minulosti, pretoZe situdcia
v stavebnictve je mimoriadne tazkd, najtazsia od roku 1989.

Ciasto¢ne ovplyviiuje investovanie v Cechdch a na Slovensku
kriza v Eurépe, aviak to nie je ani zdaleka hlavnd pri¢ina hlbokého
poklesu stavebnej produkcie v tychto krajindch. Prave v obdobi
krizy bolo potrebné vyuZzit' naplno fondy z Eurépskej tnie, ¢o sme
na Slovensku dokazali vyuzit' v dopravnej infrastruktire len na
mizivé percento.

K nepriaznivym faktorom vyvoja v stavebnictve prispeli aj medi-
dlne atraktivne informacie, Ze stavebné firmy stavaji drahSie doma
ako v okolitych krajindch. Tento nepriaznivy faktor pripustil do
sutazi firmy bez referencif (resp. s kiipenymi referenciami), odbu-
ral na Slovensku predkvalifikdcie a zdkon o verejnom obstardvani
sa zneuzil na vyhodnocovanie zdkaziek za najnizsiu cenu, ktord sa
stala jedinym kritériom vyhodnotenia sttaze.

Nepripravené stavby zacali sidtazit formou , naprojektuj
a postav" (Zlty Fidic), &oho vysledkom st nekone&né spory.
Nebolo dolezité, ¢i vitaznd firma ma skuisenosti s vystavbou dia-
Inic, mostov, tunelov, ¢i md vlastné stroje, odbornikov, garancie
atd. Nepriaznivé expertizy o predpokladanych cendch sitaZi nako-
niec pri odovzdani{ pontk dosiahli menej ako 40 % tychto odhadov.

Ak vysttazend cena nestaci ani na nakup materidlu na zdkazku,
tak je nieCo choré v boji o zdkazky medzi firmami. Vysledkom sd
necakané havdrie na stavbach, bohuzial aj s ndsledkami na zdravi
a zivotoch pracovnikov. UZ sa zacinaji objavovat aj prvé nepriaz-
nivé dopady tohto konania. Daliim désledkom je neustale zvySova-
nie nezamestnanosti ako ndsledok hromadného prepustania
v stavebnych firméach. Tento dopad neminie v roku 2013 ani pra-
covnikov v podzemnom stavitelstve.

Nase firmy sa snazia uplatnit’ aj v zahrani¢i s ¢iastocnym uspe-
chom v okolitych krajindch. Ulohou takych vyznamnych firiem,
ako su Metrostav, Doprastav a Subterra (vSetky sui v skupine
DDM), je dosiahnut zmenu myslenia a rozhodovania politikov pri
sutaziach o verejné zakazky tak, aby bolo zabezpecené kvalitné
dielo na konci realizdcie so Zivotnostou aj 100 rokov pri ¢o najniz-
$ich prevddzkovych nédkladoch.

Verim, Ze aj v spoluprici s ostatnymi stavebnymi subjektmi do-
siahneme taky stav, aby vysledkom sitazenia o zdkazku bola naj-
vyhodnejSia cena pre ob¢ana a nie zbabrané dielo.

Zaverom chcem podakovat Ceskej tuneldrskej asocidcii za moz-
nost’ prihovorit’sa k vim v tivodnom ¢isle ¢asopisu Tunel, ktory ste
prdve dostali, a prajem konferencii vela dspechov
a hlavne vela vysoko kvalifikovanych odbornych
referdtov.

TuoufHel

DEAR READERS,

I am grateful for the opportunity to approach you, as well as the par-
ticipants of the 12! International Conference Underground Construc-
tions Prague, through this first issue in 2013.

I always enjoy reading this magazine which provides highly profes-
sional information about the current events in underground enginee-
ring, as well as about future development trends.

The conference will provide everyone with valuable information
from both home and abroad. Organizing this conference was certainly
more demanding than any time in the past because the current situati-
on in the civil industry is very difficult — most difficult since 1989.

Investments in the Czech Republic and in Slovakia are partly influ-
enced by the European crisis, however, the crisis does not represent the
main cause of dramatic decline of construction operations in these
countries. The period of crisis was the right time to fully use the
European funds for transport infrastructure which we in the Slovak
Republic managed only to a negligible percentage.

Another unfavorable factor influencing the development in the civil
engineering was the attractive media information that the construction
companies are more expensive at home than abroad. This unfavorable
factor allowed companies without references (or with bought referen-
ces) to participate in tenders, eliminated pre-qualifications in Slovakia,
and misused the public procurement act to award projects for the
lowest prices which became the only tender evaluation criterion.

Unprepared projects were tendered as Design and Build (Yellow
Fidic). This resulted in never-ending disputes. It was not relevant whet-
her the winner had any experience with construction of motorways,
bridges, tunnels, whether it had its own equipment, experts, guarantees,
etc. Unfavorable expert opinions regarding expected tender prices rea-
ched less than 40% of such estimates at the time of bids submission.

If the tendered price does not suffice for material procurement for
the project, something is wrong in the competition among the compa-
nies. Consequences include unforeseen accidents at construction sites,
unfortunately including consequences to health and lives of workers.
First unfavorable consequences of this approach already appear.
Another consequence is the increasing unemployment due to mass dis-
missing of employees in civil engineering companies. This will affect
even the underground engineering workers in 2013.

Our companies try to expand to foreign markets and are partly
successful in the surrounding countries. The role of the key companies
as Metrostav, Doprastav, and Subterra (all part of the DDM Group), is
to achieve change in thinking and decision making of politicians
during public tenders in order to ensure quality of the completed work
with the service life of even 100 years with the lowest possible opera-
ting costs.

I believe that in cooperation with other civil engineering companies
we will achieve the situation when tenders will result in the most
advantageous price for the citizens and not in faulty structures.

At the end, I would like to thank the Czech Tunneling Association
for the possibility to approach you through this issue of Tunel magazi-

ne you have just received. I would also like to wish
success and many professional and qualified lectures to
the conference

ING. JURAJ ANDROVIC

Clen predstavenstva a generalny riaditel Doprastav, a. s.
Member of the Board and CEO, Doprastav, a. s.
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REALIZACE RAZBY JEDNOKOLEJNYCH TUNELU
PRAZSKEHO METRA V.A POMOCI ZEMINOVYCH STiTU

DRIVING SINGLE-TRACK TUNNELS OF PRAGUE METRO V.A
USING EARTH PRESSURE BALANCE SHIELDS

DAVID CYRON, PETR HYBSKY, KAREL ROSSLER, STEFAN IVOR, JAN PRAJER

1 0voD

Spole¢nou prordzkou tunelovacich stroju Tondy a Adély byl
dokon&en projekt razeb jednokolejnych tunelt metra V.A. Zbyvé rea-
lizovat posledni fézi projektu a tou je demontdZ obou stroju ve stani-
ci Dejvickd a ostatnich technologii pro razbu tunelu tak, aby se mohl
projekt posunout do fize montdZe technologické provozni vybave-
nosti tratovych tuneld a stanic.

Cilem tohoto ¢ldnku je popis vystavby tratovych tunelt metra tech-
nologii EPBM (Earth Pressure Balance Method), kterd byla v Ceské
republice pouZita viibec poprvé, zhodnoceni nasazeni zeminovych Stita
pfi razbé v nepiiznivych geologickych podminkich trasy metra V.A
a v neposledni fadé i zminka o inovativnich feSenich, kterd zdstupci
projektového tymu firmy Metrostav a. s. pii razbach aplikovali.

2 POSTUP PRACI NA PROJEKTU METRO V.A

21 Faze pfiiipravy

Urcujicim faktorem pro napldnovédni Casového harmonogramu
byly terminy zadané investorem projektu. Lhuta pro realizaci staveb-
ni ¢asti projektu byla stanovena na ¢tyfi roky tak, aby byl dodrZen ter-
min spusténi nového dseku metra do provozu v zafi roku 2014.
Z celkového Casového dseku tak na razby jednokolejnych tunelt
pomocf 3titu typu EPB pfipadlo cca 19,5 mésice.

Realizaci razeb tunelovacimi stroji EPBS (Earth Pressure Balance
Shield), ktera odstartovala v dubnu 2011, pak byla zavrSena mnohale-
td priprava na zvladnuti této technologie u firmy Metrostav a. s. Tato
priprava byla obdobim sbéru informaci, navstév staveb v zahranici
a také stdZe pri razbach EPBS na stavbé moskevského metra. Jednim
z téch, ktefi pomdhali s prosazenim nasazeni plnoprofilovych tunelo-
vacich stroju byl i svétové uzndvany odbornik profesor Zdenék
Eisenstein.

V roce 2008 se Metrostav a. s. ti¢astnil vybérového fizeni na stavbu
metra v Sofii, coz byla dobrd pruprava pro piipravu nabidky
s nasazenim technologie EPBM na prodlouZeni metra V.A v Praze
v roce 2009, kde byla tato varianta razeb predepsédna zadavaci doku-
mentaci. Po predlozeni nabidek 5 uchazec¢i na dodavku dvou tunelo-
vacich $titovych komplexu bylo vedenim Metrostavu a. s. rozhodnuto
o0 koupi téchto strojui od spole¢nosti Herrenknecht AG, v&etné ndkupu
kompletni vybavenosti pro logistické zajisténi razeb i forem pro vyro-
bu segmentl osténi, to vSe za porizovaci cenu v fddu stovek milio-
nu K&. Duvodem pro pofizeni celé technologie ,,na kli¢* byla snaha
firmy Metrostav a. s. o dosaZeni maximdlni kompatibility Stitového
strojniho komplexu a souvisejicich logistickych procest. K tomuto
feSeni se priklani stile vice stavebnich firem, nebot’zminénd alternati-
védnost vyrobce za fungovéni strojniho komplexu skladajiciho se
v ptipadé metra V.A z tunelovacich stroji EPBS, pasovych dopravni-
ku na rubaninu a kolovych multifunkénich vozidel pro dopravu seg-
mentu i materidlu v jiZz vyraZeném tunelu.

Dne 11. tnora 2010 doslo k podpisu smlouvy mezi spole¢nostmi
Metrostav a. s. a Herrenknecht AG a v kvétnu byla zahdjena vyroba
prvniho z dvojice stroja objednanych pro prazské metro. Od poéétku
roku 2010 do potvrzeni definitivniho polozkového seznamu strojniho
komplexu EPBS byly na nékolika jednanich, stifdavé v Praze a ve
vyrobnim zdvodé ve Schwanau, provedeny zmény v konstrukei stroje
oproti nabidce. Ta nejvetsi spo&ivala ve zméné zpusobu t€Zby rubani-
ny, kdy byl puvodni ndvrh dopravy v tunelu pomoci velkokapacitnich

1 INTRODUCTION

The concurrent breakthroughs of “Tonda” and “Adéla” full-face
tunnelling machines meant the conclusion of the driving of single-
track tunnels on the 5th extension of the Line A of Prague metro,
the so-called Metro V.A. Now the last phase of the work remains
to be realised, i.e. the disassembly of both machines in Dejvicka
station and of other equipment used for the tunnelling operations
so that the project work can shift to the phase of the installation of
operating equipment in running tunnels and stations.

The objective of this paper is to describe the construction of
metro running tunnels using the Earth Pressure Balance Method
(the EPBM), which was used for the first time in the Czech
Republic, to assess the performance of EPB shields during the
excavation in unfavourable geological conditions of the metro
line V.A and, at last but not least, to mention the innovative solu-
tions employed by representatives of Metrostav a. s. teams during
the excavation.

2 PROCESS OF WORK ON METRO V.A PROJECT

2.1 Preparation phase

The deadlines specified by the project owner were the deter-
mining factor for the development of the works schedule. The
period of time for the work on the civils part of the project was
set at 4 years so that the deadline for entering operational servi-
ce in September 2014 was met. Approximately 19.5 months of
the total time period were allotted to the excavation of single-
track tunnels using EPB shields.

By the realisation of the excavation by EPB shields, which
started in April 2011, the several years lasting preparation for the
mastering of this technology by Metrostav a. s. was concluded.
This preparation was a period during which information was gat-
hered, construction sites were visited abroad, and secondment
was passed on a Moscow metro construction. Professor Zdenek
Eisenstein, a worldwide renown expert, was one of the people
who helped with the enforcement of the application of full-face
tunnelling machines.

In 2008, Metrostav a. s. took part in tender proceedings for the
construction of metro in Sofia. It was good training for the prepa-
ration of bids for Prague metro extension V.A in 2009, comprising
the EPB technique. This tunnelling variant was prescribed in the
tender documents. After receiving bids for the supply of two shi-
eld tunnelling complexes from 5 tenderers, Metrostav a. s. decided
to acquire machines from Herrenknecht AG, including the purcha-
se of the complete complex of equipment required for the logistics
for the tunnelling operations and moulds for lining segments, all of
that for the purchase price in the order of hundreds of millions of
CZK. The reason for the “turn-key” purchasing of the complete
technology was the effort of Metrostav a. s. to achieve maximum
compatibility of the shield complex and the related processes. This
is the solution which has been preferred by more and more con-
struction companies because the above-mentioned alternative
brings positive effects to the construction process. One of them is,
for example, manufacturer’s responsibility for the functioning of
the equipment complex, which, in the case of the metro V.A pro-
ject, consisted of EPB machines, muck transporting belt conveyors
and wheeled multi-functional vehicles for the transport of seg-
ments and materials through previously excavated tunnel tubes.
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vozu na kolejich nahrazen pdsovym dopravnikem. Klasicky zptisob
vyplovani prostoru za osténim byl nahrazen dvoukomponentnim
systémem a kolejovd doprava segmentt byla nahrazena kolovymi
vozidly MSV (Multi Service Vehicle). Ostatni zmény spocivaly ve
zvySeni vykonu stroje, zlepSeni antiabrazivni Upravy, zvétSeni otvort
v fezné hlavé na 30 % plochy, aby se minimalizovalo riziko jejiho
ucpévéni v prostiedi lepivych jili. Navic byla instalovdna bentonitova
jednotka umoznujici aplikaci ochranné pazici suspenze pred plnoprofi-
lovou hlavou v piipadé delSich odstavek, upraven systém vétrani apod.

I potom, co byla odsouhlasena findln{ konstrukce strojntho kom-
plexu, v8ak préace na priprave neskonéily, nebot bylo nutné napldno-
vat podrobny harmonogram montéZ{, start stroju, podrobné feSen{
logistického zajiSténi zejména pro maximalni pldnované razebni
vykony. To vSe probihalo na pravidelnych mési¢nich jednéanich
v némeckém Schwanau, v sidle predniho svétového vyrobce tunelo-
vacich stroju. Dohadované zmény vyvoldvaly pro tym firmy
Metrostav a. s. nutnost dalSich kol jedndni s projektantem realizacni
dokumentace firmou Metroprojekt a. s. i s dalsimi dodavateli materi-
4lu a zaifzeni (vyroba segmentl osténi, vyroba a montdZ specialnich
objektt na staveni$ti napt. michdrna komponenty A, objekt pro chla-
zeni technologické vody apod.).

Stroje S-609 a S-610 byly vyrobeny za 10 mésici od podepsén{
smlouvy. Prvni stroj byl prevzat 10. 12. 2010, ten druhy 5. 3. 2011.
Proces prevzeti stroje ve Schwanau byl nékolikadennim maraténem
méfeni a zkouSen{ funkénosti jednotlivych systému stroje EPBS. Pfi
jednani o navrhu i pfi prevzeti stroje se na strané Metrostavu expert-
né podilel predni odbornik v oboru razeb tuneli mechanizovanymi
Stity — John Foster. Po prejimce ndsledovala demontdz stroje, naloze-
ni a pfeprava na misto realizace v Praze na Vypichu.

2.2 Faze realizace

Spolu s vyrobou stroju probihaly od listopadu 2010 préce na sta-
venisti Bfevnov 1 (BRE1), kde musela byt dokon&ena Sachta, mon-
tazni komora a potrebné zdzemi na povrchu véetné pomocnych kon-
strukci pro montdz stroju a logistiky. Od zag4tku dnora 2011 byl po
Castech dopraven stroj S-609 na staveni§té BREI, které bylo umisté-
no vychodné od kiizovatky Vypich asi 500 m pred stanici Petfiny. Po
ném byl dovezen s tfimésiénim odstupem stroj S-610. Jednotlivé dily
nebo smontované dil¢{ celky pak byly postupné (obr. 1) spoustény na
predem pripravena lazka na dno Sachty o svétlém praméru 21 m
a hloubce 34 m zajiSténé prevrtdvanymi pilotami.

Na Sachtu navazovala metodou NRTM predrazend montdZzni
komora, kterd bude pred zahdjenim provozu metra vybavena jako
standardn{ dvoukolejny tunel metra. V montdZni komore byla dokon-
Cena montdZ stroju a jejich kompletace. Cely razici komplex byl
posléze spojen v jeden technologicky celek (obr. 2) véetné pasovych
dopravniku tak, aby mohla byt rubanina ihned dopravovéna navazu-
jicim pristupovym tunelem na mezideponii umisténou na povrchu.

Montéz trvala u kazdého stroje asi dva mésice a po dokonceni
montdZe stroju na stavbé probéhla opét jejich prejimka a vyzkousSeni.
Teprve potom bylo mozné dit pokyn k zahdjeni raZeb, ktery je
u stroje S-609 datovén 10. dubna 2011 a u stroje S-610 12. Cervence
2011.

Obr. 1 Spousténi fezné hlavy stroje EPBS S-609 na dno Sachty
Fig. 1 Lowering of S-609 EPB shield cutter head down to the shaft bottom
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The contract between Herrenknecht AG and Metrostav
a. s. was signed on 11th February 2010 and the manufacture of
the first of the pair of the machines ordered for the Prague metro
project commenced in May. Changes in the machine structure
deviating from the bid were carried out from the beginning of
2010 until the final itemised list for the EPB tunnelling complex
was approved at several meetings, held alternately in Prague and
in the production plant in Schwanau. The biggest change lied in
the changed system of the transport of muck, where the original
proposal for the transportation along the tunnels using large-
capacity rail-bound cars was replaced by transportation by a belt
conveyor. The classical system of backfilling the annulus behind
the lining was replaced by a two-component system and the rail-
bound transportation of segments was replaced by wheeled
trucks, the so-called MSV (Multi-Service Vehicles). The other
changes lied in the increased machine performance, improved
abrasion protection and enlarged openings in the cutting head to
cover 30% of the surface so that the risk of plugging in an envi-
ronment formed by sticky clays was minimised. In addition, the
ventilation system was modified and a bentonite supply unit was
installed, allowing the application of protective bracing bentoni-
te slurry ahead of the cutting wheel in the case of longer inter-
ruptions, etc.

Nevertheless, the work on the preparation did not end even
after the agreement on the final structure of the mechanical com-
plex had been reached because of the fact that it was necessary to
develop a detailed schedule of assemblies, launching of the
machines and a detailed solution to the logistics system to be
capable first of all of enabling the maximum planned tunnelling
outputs. All of that was discussed at regular monthly meetings in
Schwanau, Germany, in the principal office of the foremost
worldwide manufacturer of full-face tunnelling machines. The
approved changes necessitated other rounds of discussions of
Metrostav a. s. teams with Metroprojekt a. s., the author of the
detailed design, and other suppliers of materials and equipment
(the production of lining segments, manufacture and installation
of special equipment on site, e.g. a mixing plant for component
A, a process water cooling plant etc.).

The machines S-609 and S-610 were manufactured in 10
months after the conclusion of the contract. The first machine
was taken over on 10th December 2010 and the other one follo-
wed on 5th March 2011. The take-over process in Schwanau was
a several-day marathon of measuring and testing the functionali-
ty of individual systems of the EPB machine. Mr. John Foster,
a foremost expert in the field of tunnelling with mechanised shi-
elds, participated in negotiations on the design and during the
machine take-over as an expert on the side of Metrostav
a. s. After the machine take-over, the machine was dismantled,
loaded and transported to the site in Vypich, Prague.

2.2 Realisation phase

The work on BRE1 construction site proceeded concurrently
with the manufacture of the machines from November 2010. It
was necessary to complete a shaft, assembly chamber and hinter-
land necessary on the surface, including auxiliary structures for
the assembly of the machines and the logistics. Starting at the
beginning of February 2011, the machine S-609 components
were transported to BRE1 site, which was located east of the
Vypich intersection, about 500 m before Petfiny station.
Subsequently, with a three-month lag, the machine S-610 arrived.
Individual components or assembled partial complexes were
step-by-step lowered (see Fig. 1) to beds prepared in advance at
the bottom of the 34 m deep and 21 m net-diameter shaft, the
walls of which were supported by secant piles.

The assembly chamber, excavated in advance using the NATM,
was connected to the shaft. The chamber will be equipped as
a standard double-track metro tunnel before the metro is brought
into service. The assembly of the machines and their completion
was carried out in the chamber. The entire tunnelling complex
including belt conveyors was subsequently assembled to form
a single technological unit (see Fig. 2) so that the muck could be
immediately transported through the connecting access tunnel to

an intermediate stockpile located on the surface.




Obr. 2 Stroj EPBS S-609 na dné Sachty pripraveny k razbam
Fig. 2 EPB shield S-609 at the shaft bottom, prepared for launching

Pro dodrZen{ stanoveného terminu dokonceni razeb tratovych tune-
1t bylo nutné pouZit dvou tunelovacich stroji EPBS tak, aby byl
kazdy z nich logisticky zabezpeCovin zcela samostatné. Dal§i pod-
minkou bylo navrZeni separdtnich piistupt do trasy, a to jak u viech
stanic, tak i do montaZni komory na Vypichu. Tim se vyfeSily kolize
v terminech praci mezi vystavbou jednokolejnych tunela (JKT)
a stanicemi metra, tj. byly minimalizovdny pfipadné prodlevy jak
u technologie tunelovacich stroju, tak i u razeb provadénych NRTM.
DuleZitym prvkem pro splnéni celkového harmonogramu bylo vybu-
dovéni jamy s potfebnym zafizenim staveni$té v tésné blizkosti ulice
Evropska (staveniste Evropska 2, ddle E2). Prelozenim logistického
zajiSténi ze stavenist¢ BREI na staveni$t¢ E2 se podafilo prvni polo-
vinu razeb JKT a s nf stanic Petfiny a Veleslavin osvobodit od tech-
nologické dopravy ke §titim a umoZnit splnéni termint praci na raz-
béch i vybudovani definitivniho osténi zminénych stanic.

Razby §tity byly na kritické cesté celkového harmonogramu pro-
jektu a musely byt dokonceny za rok a pul od chvile montédze (duben
2011) nejpozdéji do ledna 2013, tj. vletné prorazky a nésledné
demontdze ve stanici Dejvickd. Ndvrh technologie EPBM a s ni sou-
visejici logistiky proto musel vychdzet z pozadavku na zajisténi
nepretrzitych raZeb a dosaZeni zaru€enych dennich vykont mezi 12
a 16 metry za den v&etné viech prostoju a technologickych prestdvek
na presun jiz z&4sti vyraZenymi stanicemi i ¢asu na zajiSténi opetné-
ho startu $titovych komplexu. Pro sniZeni Casového rizika pri realiza-
ci v8ak bylo nutné zajit jeste ddle a pro dopravu vyplnové smési za
osténi byl zvolen separétni trubni systém. Toto opatieni spole¢né
s pasovymi dopravniky a vozidly MSV umoznilo oddéleni jednotli-
vych dopravnich toki materidlu, které se diky tomu staly méné
néachylnymi k prostojam.

Celkoveé se podarilo udrZet prostoje pii razbdch stity (bez zapo&i-
tdn{ pfesunu a startl) na hodnoté 30 %.

Rizikovymi operacemi byly presuny §titd stanicemi a ndsledné res-
tarty razeb za stanicemi, které mohly znamenat vyrazné ¢asové pro-
dlevy. Proto bylo nutné z duvodu zna¢né pracnosti cely proces pre-
sunu v prabéhu realizace zefektivnit.

Celou trasu tratovych tuneld provadénou tunelovacimi stroji bylo
mozné rozdélit na dva hlavni dseky. Prvni za¢inal na zafizeni stave-
nist¢ BREI a kondil na stavenisti E2 situovaném priblizné v poloviné
trasy. Druhy pokracoval ze staveni$té E2 na ulici Evropskd a kondil
ve stanici Dejvickd. Duvody pro toto lenéni jiz byly uvedeny
v odstavci 2.1.

Uvodni fize razeb byla vymezena tisekem mezi startovaci jamou
na staveniS§ti BREO1 a stanici Petfiny. Razba zpo&étku probihala
v jednosménném dennim rezimu z divodu zacvifeni osddek. Tento
zpusob se viak zahy ukdzal jako nevhodny, jelikoZ byl provdzen neu-
stalymi problémy pii zahdjeni razby po no¢ni sméné. Bylo nutné
pracné &istit trysky pro vypliovou dvoukomponentni suspenzi, Cistit
péasovy dopravnik a Cerpat vodu, kterd béhem preruseni praci zaplni-
la odt€Zovaci komoru. Z téchto divodu byly razby zahdjeny také na
no¢ni sméné jest€ ve zkuSebnim provozu Stitu.

Za stanici Petfiny nasledovala dpadni razba s klesanim 3,95 % (4 %
— maximdlni dovoleny podélny sklon na trasiach prazského metra).

22. rocnik - €. 1/2013

The assembly of each machine took approximately 2 months.
When the on-site assembly was finished, the take-over and tes-
ting were repeated. Only then was it possible to issue the instruc-
tion to the machines S-609 and S-610 to start the excavation on
10th April 2011 and 12th July 2011, respectively.

It was necessary for meeting the contractual deadline set for
the completion of the excavation of running tunnels to use two
EPB tunnelling machines with the logistics provided for each of
them completely separately. Another condition was that separate
accesses to the route were designed for all stations and an assem-
bly chamber for the Vypich site. This system solved collisions in
deadlines between the construction of single-track tunnels and
metro stations, thus contingent time lags in the work of the EPB
machines and in the NATM excavation were minimised. The
development of construction pit E2 with required site facilities in
the close vicinity of Evropskd Street was an element important
for the meeting of the overall schedule. Owing to the relocation
of the logistics base from BREI site to E2 site, the first half of
the excavation of single-track tunnels and the underground exca-
vation of Petfiny and Veleslavin stations were freed from the con-
struction transport to the shields. The meeting of deadlines for
the tunnelling and installing the final lining in the above-mentio-
ned stations was therefore possible.

The tunnelling with shields was on the critical path in the ove-
rall project schedule. The drives had to be finished in a year and
half after the moment of the assembly (April 2011), not later than
January 2013, including the breakthrough and subsequent dis-
mantling in Dejvickd station. The EPBM tunnelling system
design and associated logistics therefore had to be based on the
requirement for ensuring uninterrupted driving and achieving
guaranteed daily advance rates ranging from 12 to 16 metres per
day, including all downtimes and technological breaks required
for shifting the machines through stations the excavation of
which had been only partially finished, and the time needed for
re-launching of the shield complexes. It was necessary for dimi-
nishing the time risk during the work to proceed even further and
install a separate pipeline system for the transport of the materi-
al for backfilling the annulus behind the lining. Owing to this
measure, together with the belt conveyors and the MSV vehicles,
it was possible to separate individual material transport flows,
which became less liable to downtimes.

Overall, downtimes during the shield tunnelling (without
downtimes needed for the shifting through stations and re-laun-
ches) were successfully kept at the level of 30%.

The shifting of shields through stations and subsequent re-
launching behind stations, which could mean significant delays,
were risk operations. It was therefore necessary to improve the
effectiveness of the labour intensive shifting process during the
construction.

The entire route of running tunnels driven by EPB tunnelling
machines could be divided into two main sections. The first sec-
tion started at BREI construction site and ended at E2 construc-
tion site located approximately in the middle of the route. The
other section continued from E2 site next to Evropska Street and
ended at Dejvicka station. The reasons for this division were pre-
sented above in section 2.1.

The initial phase of the excavation was delimitated by the sec-
tion between the launching shaft at BRE1 construction site and
Petfiny station. In the beginning, the excavation proceeded with
single shifts during the daytime to allow the crews to pass the
learning curve. However, this system soon turned out to be unsu-
itable because it was attended by permanent problems with res-
tarting the work after the night breaks. It was necessary to labo-
riously clear the jets for the two-component slurry, clean the belt
conveyor and pump water which had filled the extraction cham-
ber during the break. These were the reasons why the tunnelling
in night shifts commenced even during the trial operation of the
shields.

A 3.95% downhill gradient drive followed behind Petfiny stati-
on (the maximum longitudinal gradient permitted for Prague metro
lines is 4%). The highest ever advance rates in terms of the num-
ber of meters excavated per a certain unit of time was achieved on
this 1066m long section, passing mostly through an environment
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Na tomto cca 1066 m dlouhém tseku, ktery byl z pfevazné vétSiny
veden v prostred jilovitych bridlic, bylo dosahovano doposud nej-
vyssich vykonu z hlediska po&tu vyraZenych metrt za urcitou ¢aso-
vou jednotku (tab. 1). Pfi razbach byl uplatiiovan otevieny mdd pred
plnoprofilovou hlavou §titu, vyjma dvou pripadu preventivni ochra-
ny povrchové zdstavby. Prvnim z nich byl obytny komplex Hvézda,
druhym Zelezni¢ni trat’ Praha — Kladno.

Nejlepsi vykony, které jsou v historii raZeb tunelt prazského metra
rekordni, jsou uvedeny v tab. 1 a byly uskute¢nény pravé na tomto
useku.

Tab. 1 Nejlepsi prumérné vykony razby dosazené na stavbé VA

S-609

Nejlepsi denni vykon 30m (28.10. 2011)
NejlepSi tydenni vykon 156 m (24.10.-30. 10. 2011)
Nejlep$i mésicni vykon 625,5m (11/2011)

S-610

Nejlepsi denni vykon . 37,5m (15. 12. 2011)
Nejlepsi tydenni vykon 192 m (5.-11. 12. 2011)
Nejlepsi mésiéni vykon ... 528 m (12/2011)

Trilodn{ stanici Veleslavin byly Stity presunuty obdobné jako sta-
nici Petfiny, tj. po Zelezobetonové kolibce s tim rozdilem, Ze bylo
pokusné vyzkouSeno pouZiti ocelovych konstrukei pro zajisténi
opory hydraulickych posunovacich vélcu §titu. Ze startovacich
komor na konci stanice byla zahdjena razba na cca 220 m dlouhém
tiseku stavebniho objektu 04 (SO 04) Tratovy tsek Cerveny Vrch —
Veleslavin, a7 do otevrené stavebni jdmy na stavenisti E2.

Jamou na E2 byly stroje pfesunuty po predem vybetonované
desce budouci Zelezobetonové konstrukce vétraciho objektu. Pro
posun 3tita byly opakované pouZity ocelové konstrukce ze stanice
Veleslavin. Rozrdzka za jdmou byla provedena pomoci startovaci-
ho ocelového ramu osazeného tésné za obdlkou §titu.

Usek razeb mezi stanicemi Veleslavin a Cerveny Vrch byl riziko-
vy s ohledem na nizké nadlozi a podchazeni vyskovych budov na
sidlisti Cerveny Vrch. Situaci komplikovala i ta skute¢nost, Ze
razby Stity probihaly v horninovém prostiedi s vyskytem starych
dulnich dél z 19. stoleti, o nichZ se dochovalo jen minimaln{ mnoz-
stvi informaci.

Z duvodu stéhovéni zafizeni stavenisté BREI na E2 pak bylo
nutné stroj S-610 odstavit bez moZnosti provedeni prordzky. Pro
tento Gcel byl vyuzit systém, ktery prubézné udrzoval tlak jak
v odteZovaci komore, tak pred rozpojovaci hlavou a vné plaste stitu
vuci horninovému prostiedi. V piipadé poklesu stanoveného tlaku
pak byla automaticky docerpdvana aktivovana bentonitovd suspen-
ze. Po obnoveni razeb byl zbyvajici dsek PTT (pravy tratovy tunel)
do stanice Cerveny Vrch dokon&en v ervnu 2012.

Jednolodni stanici Cerveny Vrch (SO 03) byly oba itity jiz odsu-
novéany od modifikovanych ocelovych konstrukei a start opét pro-
béhl ze startovacich komor na konci stanice.

Zavéretnd Cdst razeb v mezistaniénim tseku Cerveny Vrch —
Dejvicka probihala jiZ ze stavenisté E2, kam byla veskera technolo-
gickd vybavenost prest¢hovana ze stavenist¢ BRE1. Zavérecny tsek
byl nejdelsi a nejsloZitéjsi Casti razeb z pohledu predpokladaného
geologického prostredi, ¢i vyskytu v nadlozi vedenych podzemnich
siti véetne kanaliza¢nich stok s nestabilni cihelnou obezdivkou. Nad-
lozi nad tunelovacimi stroji se pohybovalo v rozmezi{ 12-16 m. Dne
8.7.2012 doslo nad strojem S-609 k propadu vozovky. Bylo zjisté-
no, ze podkladni vrstvy pod silnici v ulici Evropskd jsou
v nevyhovujicim stavu, nedostate¢né zhutnéné, obsahuji oslabend
prazdna mista a v jejich podlozi byly objeveny dalsi dutiny. Tyto sku-
te¢nosti mély vliv na bezpecnost provadéni praci v podzemd, ale také
na mozné ohroZenf lidi na povrchu. Z téchto divodu bylo rozhodnu-
to o provedeni geofyzikélniho pruzkumu a na zdkladé vyhodnocen{
o provedeni sanacnich praci. V predstihu pred razicimi stroji se pro-
vedly Castecné uzavirky ulice Evropska. Nad misty razby tunelova-
cich stroju byl na povrchu zajistén staly technicky dozor. Stroje pak
byly nastaveny na provadeni razeb vyhradné v uzavieném médu za
nepretrzitého sledovani a vyhodnocovéani ddaju z fady tlakovych
¢idel vCetne sledovdni mnoZstvi vypliové suspenze injektované za

Tuel

formed by clayey shales (see Table 2). The open face mode was
applied to the full-face tunnelling machine head, with the excepti-
on of two cases of the preventive protection of existing buildings.
The first of them was the residential complex of Hvézda, whilst the
Prague — Kladno railway track was the other case.

The best advance rates, which mean records in the history of
driving tunnels for Prague metro, are presented in Table 1. They
were achieved in this particular section.

Table 1 The highest average advance rates achieved on the metro V.A drives

$-609

Highest daily rate 30m (28/10/2011)
Highest weekly rate ... 156 m (24/10-30/10/2011)
Highest monthly rate 625.5m  (11/2011)

S-610

Highest daily rate 37.5m (15/12/2011)
Highest weekly rate ... 192 m (5/12-11/12/2011)
Highest monthly rate ... 528 m (12/2011)

The shields were shifted through Veleslavin triple-span station
similarly to the shifting through Petfiny station, i.e. on
a reinforced concrete cradle. The only difference was that the use
of steel structures was test tried for providing support for hyd-
raulic thrust rams. The driving of the about 220 m long section
forming construction lot SO 04 TU between Cerveny Vrch and
Veleslavin stations, up to the open construction pit at constructi-
on site E2 started from launching chambers located at the end of
the station.

The machines were shifted along E2 construction pit on a pre-
prepared reinforced concrete slab of the future ventilation struc-
ture. Steel structures from Veleslavin station were re-used for the
shifting of the shields. The start behind the pit was carried out
using a launching steel frame installed just behind the shield
envelope.

The tunnelling section between Veleslavin and Cerveny Vrch
stations was risky with respect to the low overburden and the pas-
sage under high-rise buildings in the residential area of Cerveny
Vrch. The situation was further complicated by the fact that the
shields had to pass through an environment comprising abando-
ned mine workings from the 19th century, the existence of which
was supported only by a minimum volume of information.

The advance of S-610 machine had to be suspended without
allowing it to break through because of the necessity for moving
site facilities from BREI site to E2 site. A system which conti-
nually maintained the pressure against the ground environment
both in the extraction chamber, ahead of the cutting wheel and
beyond the shield skin was used for this purpose. Additional acti-
vated bentonite slurry was pumped in the case of dropping of the
pressure under the required value. After resuming the driving
operations, the remaining right-hand running tunnel tube up to
Cerveny Vrch station was finished in June 2012.

Both shields were shifted through Cerveny Vrch single-span
station with thrust cylinders pushing against modified steel struc-
tures. They were re-launched again from launching chambers at
the end of the station.

The final part of the drives in the Cerveny Vrch — Dejvickd
inter-station section was carried out from E2 site, to which all
technological equipment was moved from BRE1 site. The final
section was the longest and most complicated part of the drives
in terms of the anticipated geological environment or the occur-
rence of underground utilities in the overburden, including
a sewer containing instable brick lining. The overburden thick-
ness above the full-face tunnelling machines varied between 12 —
16 m. The roadway above S-609 machine sunk on 8/7/2012. It
was determined that the sub-base layers under the roadway in
Evropskd Street were in an inadequate condition, insufficiently
compacted, containing weakened empty spots; cavities were
detected even underneath. These facts affected the safety of
underground operations and, potentially, even the safety of peo-
ple on the surface. For these reasons the decision was made to
conduct geophysical investigation and carry out stabilisation
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prefabrikované osténi. Dal§im pfijatym opatfenim ke zvySeni bez- work on the basis of its assessment. Partial closures of traffic on
pecnosti bylo automatické zasilani SMS zprav ze systému IRIS, které Evropska Street were carried out ahead of the work of the tun-
byly adresovdny vybranym technikim na jejich mobilni telefony nelling shields. Uninterrupted technical supervision was secured
vzdy, kdyz doslo k prekro¢eni limitniho mnozstvi rubaniny z jednoho on the surface above the tunnelling shields. From that moment
zé&béru. on, the machines were exclusively set to work in the closed
Na stavebnim objektu 02 pak byl také proveden posun $titd mode, continually observing and assessing the data obtained
v otevieném prostoru (s plnou montdzi prefabrikovaného osténi), tj. from a range of pressure sensors, including the monitoring of the
pres jiz vyrazenou vzduchotechnickou komoru na stavenisti El, volume of the backfill slurry injected behind the segmental
kterd protinala trasu obou jednokolejnych tunell. V tomto otevie- lining. Another measure adopted for the increasing of safety lied
ném prostoru oba stroje pokraCovaly bez zastaveni. SloZzity dsek SO in automatic sending of SMS reports from the IRIS system,
02 o délce cca 1760 m byl dokoncen v pfedem stanoveném termi- which were addressed to selected technicians whenever the limit
nu 26. 11. 2012 v podobé simultdnn{ prorazky obou $titd do komo- volume of muck from one excavation round was exceeded.
ry ve stanici Dejvickd. Spojend prordzka méla také vliv na urychle- In the structure No. 02, the shields were shifted through an
ni demontdZi technologickych tahu logistického zajisténi, coZ se open space (with the full assembly of the segmental lining),
zvI48té priznivé odrazilo pfi demontéZi pasovych dopravniku. i.e. across the already completed ventilation chamber on con-
Ve stanici Dejvickd budou oba stroje demontovéany v predem pfi- struction site E1 which crossed the route of both single-track tun-
pravené demontézni komote. Césti zavésu stroje budou odtaZzeny na nels. Both machines continued across the open space without
staveni§té Evropska 1 (E1) a §titova ¢dst rozebrdna na jednotlivé stopping. The complicated 1760 m long SO 2 section was com-
¢asti pomoci mostového jerdbu. Po demontdZi a vytazeni na povrch pleted on-time on 26/11/2012, by both shields simultaneously
se stroje ocisti a zakonzervuji pro dalsf pouziti. breaking through to the chamber at Dejvickd station. In addition,
Celkové oba tunelovaci stroje vyrazily jednokolejné tunely the joint breakthrough influenced the acceleration of disassem-
o délce 8367 m. Rozpojily 239 092 m3 rubaniny. Postavily 5555 blies of technological lines of the logistics system, which fact
prstenct s 33 330 segmenty osténi a aplikovaly 24 167 m3 vypliio- especially favourably reflected itself during the disassembly of
vé jilocementové suspenze. K tpravé konzistence odtézované ruba- belt conveyors.
niny spotifebovaly 47 730 m3 pred Celbu zaCerpané vody. Both machines will be dismantled at Dejvicka station, in a pre-
prepared dismantling chamber. Parts of the machine backups will
3 ZASTIZENA GEOLOGIE NA PRODLOUZENI METRA V.A be pulled back to E1 construction site and the shields will be dis-

mantled to individual parts using an overhead crane. When the
dismantling and lifting to the surface is finished, the machines
will be preserved for future use.

The aggregate length of single-track tunnels driven by both
full-face tunnelling machines reached 8367 m. The machines
disintegrated 239,092 m3 of muck. They assembled 5,555 lining

Oba tunelovaci stroje byly navrzeny tak, aby zvladly predpokla-
dané geologické podminky v trase (obr. 3).

Geologie této asti Prahy je charakterizovdna prevazné vrstvami
prachovcu, piskovcu a jilovitych bridlic rizného stdif a stupné zvét-
rani. Jednd se o prostiedi, ve kterém byly v Praze postaveny kilo-
metry tunelt a do ndvrhu konstrukce stroju byly charakteristické rings comprising 33,330 segments and applied 24,167 m3 of fil-

vlastnosti hornin zahrnuty. . . 3 ,
Problémem pfi razbach v ivodni ¢asti projektu viak nebyly vlast- ling clay-cement slurr.y. They consumed 47,730 m? of water
pumped to the excavation face.

ni typy hornin, ale jejich vzdjemné uloZeni, tzv. smiSené celby,
zastoupené piskovci v horni poloviné profilu a vrstvou jilovitych
prachovcu ve spodni poloviné. Z téchto divodu byly razby v takové

3 GEOLOGY ENCOUNTERED ON THE METRO V.A

geologii asto doprovdzeny velkymi pfitoky vody shromazdované EXTENSION OF PRAGUE METRO
na pomez{ vrstev prachovcu a piskovcu. Both full-face tunnelling machines were designed in a way gua-
Dalsimi nepfijemnostmi pfi razbé Stity byl vyskyt vrstev kfe- ranteeing that the geological conditions anticipated along the route
menct, které byly zastihovény v profilu tunelu nahodile a mély vliv (see Fig. 3) would be coped with.
na pouZzivany maéd tunelovaciho stroje. Vlastni raZby pak v oblasti Geology in this part of Prague is mostly characterised by layers
stanice Veleslavin prochézely bfidlicemi ordovického stafi dopro- of siltstone, sandstone and clayey shale of various age and degree
vazenymi také vrstvami tufu. of weathering. It is the environment through which many kilomet-
Druhd &ést razeb pod Evropskou ulici byla vedena v prostiedi silné res of tunnels were driven in Prague in the past and the characteris-
zvétralych, aZ rozloZenych bridlic doplnénych o kfemence. V pos- tic ground properties were allowed for in the machine design.
ledni fazi razeb byla vyznamnd ¢ast horninového prostredi tvofena Anyway, the ground types themselves were not the problem
kvartérnimi sedimenty (deluvidlnimi, eolickymi, fluvidlnimi). encountered during the tunnelling operations in the initial part of
NRTM (400 + 750 m) 2xEPBS (2150 m) 2xEPBS (2570 m)
o 5 =

PETRINY
mMoToL T
EPBS montazni $achta + pfistupovy tunel VELESLAVIN T
EPB shield assembly shaft + Access tunnel CERVENY VRCH
I EPBS jama na staveniéti E2

EPB shield pit at E2 construction site

. Glep = | L

Obr. 3 Podélny rez metra V.A s geologii
Fig. 3 Longitudinal section through metra VA, including geology
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Z hydrogeologického hlediska se jednalo o prostiedi s vyskytem
zvodni. Zvodné se v kvarternich sedimentech nachdzely v celém zdjmo-
vém tzemi az cca 250 m pred stanici Dejvickd. Jednalo se o propustné
prostredi s koeficientem hydraulické vodivosti v fadu kf ~ n.104 az
n.10-6 m.s-1. Propustnost kolisala s ohledem na zrnitost a proudéni pod-
zemni vody. Uroven ustdlené hladiny podzemni vody se predpoklddala
v rozmezi cca 5—-11 m pod drovni stdvajiciho terénu.

DalSim problémem byl vyskyt geologickych anomadlif ve vrstvdch
kvarternich sedimentt. V téchto vrstvach jsou vedeny podzemni sité
zejména kanalizace. V tomto prostfedi byly po pasportizaci objeveny
oslabend mista a dutiny, jejichZ existence byla divodem vzniku kaver-
ny, ktera rezultovala ve vznik propadu vozovky v ulici Evropska.

Kombinace vSech vySe zminénych inZenyrskogeologickych poméru,
kdy byly v trase tunelu zastizeny typy hornin s mechanickymi vlast-
nostmi (tab. 2) s odli$nym neZ predpoklddanym geologickym uloZenim
i poruchami véetné intenzivniho zvodnéni, vytvarela zejména na dseku
pod ulici Evropskd nepfiznivé a neocekdvané geotechnické podminky
i pro razbu flexibilnimi strojnimi komplexy typu EPBS.

4 KLASIFIKACE RAZEB PRO STROJ EPBS

Pro splnéni poZadavkl zaddvaci dokumentace bylo nutné, aby
stroj EPBS razil v rozli¢nych rezimech. Ty byly v zadavacich pod-
minkdch popsdny takto:

e Rezim bez podpory Celby (open mode)

* Rezim s ¢astecnou podporou Celby (transition mode)

e Rezim s plnou podporou celby (closed mode)

Zadéavaci dokumentace stanovila klasifikaci horninového prostre-
di do péti rozdilnych tfid rozpojitelnosti TR1 az TR5. Tyto tridy byly
specifikovany na zakladé klasifikace hornin podle pevnosti hornino-
vé materie RI-R6, indexu abrazivity CAI podle Cerchara a podle
geotypu hornin oekédvanych v trase tunelu. U tiid rozpojitelnosti
TR1, TR2 a TR3 se predpoklddala razba v médu bez podpory Eelby
(open mode), pro tfidu TR4 méd s ¢asteénou podporou Celby (tran-
sition mode) a v TRS mdéd s plnou podporou Celby (closed mode).

JiZ po zahdjenf razby se ukdzala slaba mista v systému zatfidovani
na zédkladé kombinace téchto kritérii. Samotna klasifikace hornin podle
pevnosti horninové materie zatfiduje horniny podle pevnosti
v jednoosém tlaku a hranice mezi jednotlivymi tfidami rozpojitelnosti
jsou zvoleny formdlng a velice nestastné. V kombinaci s dal§imi krité-
rii — abrazivitou a o¢ekdvanym geotypem — pak vznikaly v provozu
situace, kdy bylo posouzeni podminek a zatiidéni do urcité tfidy roz-
pojitelnosti nejednoznaéné. Prifazeni médu pro jednotlivé tiidy bylo
zamefeno s ohledem na stabilitu Celby a bezpe¢nostni kritérium ochra-
ny budov pred nerovnomérnym seddnim povrchu, ale nezohlednovalo
ovlivnéni raZeb z duvodu geotechnickych vlastnosti hornin a zemin,
a to zejména s ohledem na vyskyt jilovitych minerdlu (zejména lepi-
vost) v kombinaci s pritoky podzemni vody.

Tab. 2 Prehled hornin v trase JKT metra VA a jejich zdkladni vlastnosti

Tuel

the project. The problem lied in the relative positions in the so-cal-
led mixed face, where sandstone layers were located in the upper
half of the profile and clayey siltstone was in the lower half. For
these reasons the driving through such the geology was frequently
attended by large inflows of water accumulated at the interface bet-
ween the siltstone and sandstone layers.

Other hassle during the shield tunnelling was the occurrence of
quartzite layers, which were encountered in the tunnel profile ran-
domly and affected the tunnelling machine mode used. In the area
of Veleslavin, the shields passed through Ordovician age shales
even accompanied by tuff layers.

The other part of the excavation under Evropska Street ran
through an environment formed by heavily weathered to decompo-
sed shales supplemented by quartzites. In the last excavation phase,
a significant proportion of the ground environment was formed by
Quaternary sediments (deluvial, aeolian or fluvial).

From the hydrogeological point of view, it was an environment
with the occurrence of aquifers. Aquifers were found in the
Quaternary sediments in the entire area of operations, up to about
250 m before Dejvicka station. It was a permeable environment
with the coefficient of permeability kf in the order ranging from
n.10-4 to n.10-6 m.s-!. Permeability varied depending on the partic-
le distribution and groundwater flows. The standing level of the
water table was expected to be about 5 — 11 m deep under the exis-
ting terrain level.

Another problem lied in the occurrence of geological anomalies
in the layers of Quaternary sediments. These layers contain underg-
round utility networks, first of all sewerage lines. Weakened locati-
ons and cavities were detected in this environment after the condi-
tion survey. Their existence was the reason why the cavern which
resulted into the development of the sinkhole in the roadway in
Evropska Street originated.

The combination of all above-mentioned engineering geological
conditions, where ground types with mechanical properties diffe-
ring from the anticipated ones as far as the relative positions of lay-
ers and failures including intense water saturation were concerned,
created, first of all in the section passing under Evropska Street,
conditions unfavourable even for the excavation using the EPB-
type flexible mechanical systems.

4 CLASSIFICATION OF DRIVES FOR EPB SHIELDS

To meet requirements of the final design, it was necessary for the
EPB shield to be able to work in various regimes. The regimes were
described in the tender conditions as follows:

* Regime without face support (the open mode)

* Regime with partial face support (the transition mode)

e Regime with full face support (the closed mode)

Table 2 Review of ground types on the single-track tunnel sections of Metro V.A Line and their basic properties

SOD Typ horniny / Ground type CAl Abrazivita Objemova hmotnost Zdanliva hustota Pevnost v tlaku
dle D7625-10 (kg/m3) (kg/m3) (MPa)
Abrasivity Volume weight Partical density Compressive strength
to D7625-10 (kg/m3) (kg/m3) (MPa)
SOD 07 piskovec / sandstone 1,07 medium 1747 2649 2,47
jilovec / claystone 1710 2,01
SOD 06 jilovo prachovitd bfidlice 0,7 low 2540 2815 0,18 -5,38
clayey-silty shale
SOD 05 tufy / tuff 0,82 low 2531 2855 2,56 - 9,39
SOD 04 jilovo prachovita bridlice 0,66 low 2646 2806 4,12 -16,63
clayey-silty shale
tufy / tuff 1,02 medium 2621 2888 2,31-92
bfidlice / shale 0,58 low 2597 2794 0,82 -3,13
SOD 02 biidlice / shale 0,62 low 2469 2762 1,75-7,00
Legenda:

SOD - stavebni oddil / construction lot
CAl - index abrazivity podle Cerchara / Cerchar Abrasivity Index
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Rezim bez podpory Eelby
Regime without face support

Rezim s ¢astecnou podporou celby
Regime with partial face support

Rezim s plnou podporou ¢elby
Regime with full face support

Obr. 4 Schémata jednotlivych médu razeb
Fig. 4 Charts of individual driving modes

Systém zarazovéni do tfid rozpojitelnosti pro EPBS provadény
geologickym dozorem nebyl idedlni a vykazoval zna¢nou navaza-
nost na tuneldrské klasifikace pro podzemni stavby razené NRTM.
Otevienym pristupem obou stran a za cenu piijeti kompromisu
mezi zdstupci zhotovitele a objednatele bylo dosaZeno, Ze bylo
mozné se Tidit zatridénim podle zaddvacich podminek.

5 REZIMY RAZBY STROJEM EPBS

Razby strojem EPBS mohou byt provadény v mnoha rozdilnych
moédech, zejména pokud jde o zpusob, jakym zajistuji stabilitu
Celby. Pfi razbach jednokolejnych tuneld metra V.A byly pouZity tfi
zékladni, u nichZ je popsdn zpusob provaddéni a zdkladn{ charakte-
ristiky stroju EPBS.

5.1 Rezim bez podpory celby (open mode)

Pouzit{ tohoto médu podmirniuje zastizeni stabilnich hornin bez
pritokd podzemni vody. V podminkéch prazské geologie metra V.A
se tento mdd aplikoval pfi razbé v pevnych hornindch, tzn.
v prostiedi zdravych bfidlic, kfemenct a tuft bez pritoki podzem-
ni vody.

V téchto hornindch se naplno vyuzily 18" valivé disky vhodné do
pevnéjsich hornin. Reznd hlava a $Snekovy dopravnik byly provede-
ny v antiabrazivni Gpraveé ze slinutych karbidu, kterd zabrdnila zvét-
Senému opotiebeni fezné hlavy, coZ se pozitivné projevilo na jejich
opravich a udrzbach. Kombinace priznivych geologickych podmi-
nek s vhodnymi feznymi ndstroji umoznily dosazeni rekordnich
vysledku pri razbéch.

Stroje EPBS byly fizeny s témito prumérnymi hodnotami: tlakem
ps cca 0,36 bart na spodnich senzorech, coZ indikovalo minimaln{
zaplnéni odt€Zovaci komory, rychlost otdceni fezné hlavy byla 3.4
ot/min., Snekového dopravniku 15 ot/min., penetrace cca 12 mm,
pramérnd rychlost 40 mm/min. a jeden zébér 1,5 m byl pak vyrazen
za 37,5 min. Hodnota kroutictho momentu se pohybovala kolem
1,8 MNm. Hodnota penetrace na ¢elbé umoznila omezit tlaénou
silu od pistd na segmenty na hodnotu 4000 kN.

5.2 Rezim s éastednou podporou éelby (transition mode)

Nasazeni tohoto médu se predpoklddalo pro zvlddnuti pritoku
podzemni vody do odtéZovaci komory a pfi razbé v hornindch
s omezenou stabilitou Celby. Tento mdd musi v pfipadé potieby
umoznit urychlené prejit do médu s plnou podporou Eelby (close
mode). PouZiti transition médu pfi podminkéch, které predpokldda-
la zaddvaci dokumentace, se osvéd¢ilo. Transition mdd vsak bylo
nutné pouZivat z technologickych duvodu, a to v pfipadech, kdy
byla razba provadéna zejména v prostredi spondokiidového peruc-
kého souvrstvi, i kdyZ stabilita Celby tunelu nebyla ohroZena.
Perucké vrstvy vSak obsahovaly jemnozrnné jilovité bridlice a ro-
zpojovanim téchto hornin feznymi ndstroji pred Stitem vznikaly
drobné jilovité ¢astecky, které vytvarely lepivy materidl. Takto roz-
pojeny materidl zpusoboval zalepovdni fezné hlavy a ndsledné
zastaveni raZeb z duvodu ucpani otvorl v fezné hlavé i nahroma-
déni materidlu v odt¢Zzovaci komore. Zména médu umoznila tento
problém vytesit. Pridinim napénovacich prisad s vodou se podari-
lo upravit v odt€Zovaci komore rubaninu do pozadované konzisten-
ce a tim omezit jeji lepivost.

The tender documents (the final design) determined five exca-
vation classes TR1 through TRS5 for the categorisation of the
ground environment. These classes were specified on the basis of
the categorisation of ground according to the strength of ground
material R1-R6, Cerchar abrasivity coefficient (CAI) and accor-
ding to the geotypes of the ground anticipated for the tunnel
alignment. The open mode tunnelling was expected for excavati-
on classes TR1, TR2 and TR3, while the transition mode with the
partial face support was expected for class TR4 and the closed
mode for class TRS.

Weak spots of the categorisation system based on the combi-
nation of the above-mentioned criteria manifested themselves as
early as after the commencement of the drives. The categorisati-
on of ground types on the basis of ground material strength clas-
sifies ground types according to the uniaxial compression
strength itself and the boundaries between individual classes are
chosen in a very unfortunate manner. Situations were encounte-
red during the operations where the assessment of conditions and
determination of particular excavation classes were ambiguous in
the combination with other criteria — abrasivity and anticipated
geotypes. The modes were assigned to individual classes taking
into consideration the face stability and the safety criterion for
the protection of buildings against differential settlement of the
surface, but without allowing for the effects of geotechnical pro-
perties of rocks and soils on the excavation, first of all with res-
pect to the occurrence of clayey materials (namely stickiness) in
combination with inflows of groundwater.

The system of the categorisation into excavation classes for
EPB shields carried out by the geological supervision was not
ideal and showed significant relationship to the categorisation
applied to underground construction realised by the NATM.
Owing to the open-minded attitude of both parties and at the cost
of accepting compromises between representatives of the contrac-
tor and the client, the state was achieved where it was possible to
follow the categorisation according to the tender conditions.

5 EPBS EXCAVATION REGIMES

Tunnelling using EPB shields can be carried out in many dif-
ferent modes, first of all as far as the way in which the face sta-
bility is ensured is concerned. Three basic modes were applied
during the driving of single-track tunnels of the metro V.A Line.
The execution of the work and basic characteristics of EPB
machines is described below.

5.1 Regime without face support (the open mode)

The application of this mode is conditioned by encountering
stable ground without groundwater inflows. This mode was app-
lied in the Prague geology conditions for metro V.A during the
tunnelling through sound rock, i.e. through the environment for-
med by sound shales, quartzites and tuffs without groundwater
inflows.

These ground types allowed full use of 18 disc cutters suitab-
le for harder ground. The cutterhead and the screw conveyor
were manufactured with the surface provided with tungsten car-
bide anti-abrasive coating, which prevented increased wear of the
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Ve fazi pripravy projektu se ocekavalo, Ze se pevnd hornina bude
pusobenim feznych disku rozpadat na nesoudrzny materiél, ktery
bude obsahovat drobné a vétsi CasteCky Stérkovité frakce. Misto
toho byla rubanina z divodu pfitomnosti mékkych jemnozrnnych
jili po smichdni s vodou a pénovymi aditivy nachylnd k vytvafeni
velmi soudrzného materidlu. Aby horninu bylo mozné odtéZovat,
bylo nutné pridévat velké mnozstvi vody (1016 m> na 1,5 m dlou-
hy zabér). Voda byla do odtéZovaci komory prividéna separatnim
trubnim vedenim pivodné konstruovanym jako souddst bentonito-
vé jednotky. Duvodem lepivosti a ucpavani fezné hlavy bylo mnoz-
stvi jilovitych castic, které dosahovalo az 30 % obsahu v hornindch,
které byly mék&i, nez se predpoklddalo v rdmci prizkumu.
Duvodem velkého mnoZstvi absorbované vody byla pfirozend 7%
vlhkost.

Zprvu bylo zédmérem provéadéni razby bez priddni vody a pén.
Takovd razba vSak byla moznd pouze v prostredi bez pritoku pod-
zemni vody. Posddky se musely vypordddvat jak s lepivym jilem,
ktery se nabaloval na Snekovy dopravnik, tak s bahnem, které se
rozlévalo z pasového dopravniku do dna Stitu poté, co se
v odtéZzovaci komore nahromadila podzemni voda pri stavbé seg-
mentu a dlouhych odstdvkach. Razby byly zdrzovdny nejen ucpé-
vanim $nekového dopravniku, ale i v dobé, kdy se lepivy material
nabalil na feznou hlavu a vytvoril ,,kola¢* pred feznou hlavou, ktery
bréanil rozpojovaci hlavé v penetraci horniny pfi dal§im zabéru.
Uplné zastaveni razeb nastalo ve chvili, kdy rubanina zcela ucpala
vSechny prostupy v fezné hlaveé a nebylo mozné jiz Zadny materidl
dopravovat do odtéZovaci komory. Po 75 metrech bylo jasné, Ze
v danych podmink4ch je nemoZné razit ,,na sucho®. Proto operato-
fi z Fidici kabiny zacali Cerpat pridavnd zpenovala s vodou do pro-
storu pred feznou hlavu. Vhodny mix vody a pén minimalizoval
lepivost materidlu a vytvoril transportovatelny, plasticky material.
Parametry pén a mnoZstvi doddvané vody se ménily spolu
s ménicimi se geologickymi podminkami (vodonosné vrstvy pis-
kovcu). Operdtofi Stitu tak museli soucasné sledovat kromé pro-
voznich parametru stroje i konzistenci odtéZované rubaniny, aby
byla transportovatelnd Snekovym i pdsovym dopravnikem az na
mezideponii na povrchu zafizen{ staveniste.

Stroje EPBS byly operovény s tlakem pg cca 0,5 bard v odté-
7ovaci komore, coz dostatovalo na jeji ¢aste¢né zaplnéni, rychlost
otd¢eni fezné hlavy byla upravena na 3 ot/min., $nekového doprav-
niku 10 ot/min., penetrace cca 11,5 mm, prumérna rychlost postu-
pu 33 mm/min. a jeden zdbér 1,5 m byl vyrazen za 45 min. Hodnota
kroutictho momentu se pohybovala kolem 2,1 MNm. Tla¢n4 sila od
pistil na segmenty méla hodnotu az 6000-8000 kN.

5.3 ReZim s plnou podporou ¢elby (closed mode)

Moéd s plnou podporou Celby (closed mode) je podstatou vzniku
metody EPB (rovnovdZnych zeminovych tlaki) a jeji vyvojové
modifikace. Jeji pouZiti je vyhodné predev§im v nestabilnich horni-
ndch a pod hladinou podzemni vody pfi nizkych hodnotéch pritoku
vody nebo nizkych hodnotich hydrostatického tlaku. Vyvozenim
rovnovazného stavu je dosaZeno stability celby a omezeni seddni
povrchu. Podminkou vSak je fadné zaplnéni odtéZovaci komory,
které je podminéno dpravou materidlu do vhodné konzistence.
Dodavatelem ptisad pro Gpravu konzistence rubaniny se ve vybéro-
vém fizeni pro projekt metro V.A stala firma BASF. Ta pro dané
geologické podminky doporucila dva své vyrobky — SLF 41
a Rheosoil. Pro ziskdni co nejvétsiho mnoZstvi informaci
a zkuSenosti se Metrostav a. s. rozhodl na vybranych tsecich nasa-
dit i produkty dal3ich firem — Condat a Mapei. Uprava konzistence
rubaniny a fizeni stroje EPBS je v tomto mddu velice obtiZna.

V podminkdch metra V.A byl pouzit méd s podporou celby
v mistech, kde bylo snahou zabrénit seddni nadzemnich objekta.
Close méd byl v prvni fazi razeb nasazen pouze kritkodobe pri
podchodu bytového komplexu Hvézda a pod Zelezni¢ni trati
v blizkosti nadrazi Veleslavin. Dlouhodobéjsi zkusenosti s timto
provoznim reZimem raZeb byly naferpédny pii razb€ pod Evropskou
ulici, tzn. bez vyjimky na celém tratovém udseku mezi stanicemi
Cerveny Vrch a Dejvicka.

Charakteristicky prubéh kiivek v diagramu zdvislosti tlaku na
Case pri kazdém postupu stroje véetné ndsledné stavby prstence uka-
zoval, Ze tlak v odtéZovaci komore béhem razby postupné klesal.
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cutterhead. It manifested itself positively in their repairs and
maintenance. The combination of favourable geological conditi-
ons with proper cutting tools made the achieving of record results
during the excavation possible.

The EPB shields were operated with the following average
values applied: the pressure ps of about 0.36 bar on bottom sen-
sors, which indicated minimum filling of the extraction chamber;
cutterhead speed of 3.4 rev/min; screw conveyor rotating veloci-
ty of 15 rev/min; penetration rate of 12 mm/min, average pene-
tration rate of 40 mm/min; one 1.5 m long excavation round was
completed in 37.5 minutes. The torque value fluctuated about 1.8
MNm. The penetration rate value made reducing of the thrust of
cylinders on lining segments to 4000 kN possible.

5.2 Regime with partial face support
(the transition mode)

The application of this mode was planned for coping with
groundwater inflows into the extraction chamber and for tunnel-
ling through limited face stability ground. This mode must make
accelerated transition to the closed mode possible when necessa-
ry. The application of the transition mode in conditions anticipa-
ted in the tender documents acquitted itself. On the other hand,
the transition mode had to be used for technological reasons even
in the cases where the driving passed through an environment
formed by the Lower Cretaceous Peruc Formation, despite the
fact that the face stability was not endangered. The Peruc forma-
tion layers contained fine-grained clayey shales and minute par-
ticles which originated in front of the cutterhead by the disinte-
gration of this rock with cutting tools, forming a sticky material.
This material stuck to the cutting wheel. The excavation was sub-
sequently stopped because the openings in the cutting wheel got
clogged and material mounted up in the extraction chamber. The
problem could be solved owing to the change in the mode. The
muck in the extraction chamber was successfully treated by the
addition of foaming agents with water until it reached the requi-
red consistency, reducing its stickiness.

It was expected in the design preparation phase that the stiff
ground would be disintegrated by the action of disc cutters into
incohesive material consisting of small and larger particles of
a gravely fraction. Instead, the muck was prone to creating a very
cohesive material after mixing it with water and foaming agents
because of the presence of soft fine-grained clay. It was necessa-
ry to add great amount of water (10 — 16 m? for a 1.5 m long
excavation round) to make the loading and removing of the muck
possible. Water was fed to the extraction chamber by a separate
pipeline, which was originally designed to be a part of the bento-
nite supply unit. The reason why the stickiness and plugging of
the cutterhead occurred was the high content of clayey particles
reaching up to 30% in rocks softer than expected according to the
survey. The large amount of absorbed water resulted from the
natural moisture of 7%.

The initial intention was that the excavation would proceed
without the addition of water and foaming agents. However, such
the procedure was possible only in an environment without
groundwater inflows. Crews had to cope with both the sticky clay
packing onto the screw conveyor and the mud spilling over the
conveyor belt edges to the shield bottom after groundwater accu-
mulated in the extraction chamber during the installation of
lining segments and during long downtimes. The excavation pro-
gress was delayed not only by the plugging of the screw convey-
or, but also during periods in which the sticky material packed
onto the cutting wheel and formed a “cake” ahead of the cutting
wheel, preventing the penetration of the cutterhead during the
excavation of the following excavation round. The excavation
stopped completely at the moment when the muck completely
plugged all openings in the cutting wheel and it was no more pos-
sible to get the material to the extraction chamber. It was clear
after 75 metres that “wet” driving process was impossible in the
particular conditions. Operators therefore started to pump additi-
onal foaming agents with water from the control cabin to the
space ahead of the cutting wheel. A proper mix of water and foam
minimised the material stickiness and created a transportable
plastic material. The parameters of foams and the amount of
added water changed with changing geological conditions




To bylo dano tnikem vzduchu, ktery se uvolnoval z pén po tpravé
rubaniny a také jeji samotnou konsolidaci. Svij vliv mél i pokles
teploty hydraulického oleje a néslednd kontrakce tlaénych pistu.
Pro minimalizaci tohoto efektu byl dodate¢né zaveden odvzdusno-
vaci ventil z odtéZovaci komory, kterym bylo moZno upoustet
vzduch beéhem plnéni komory tak, aby byl pretlak v co nejvetsi
mozné mife skute¢né vyvozovan rubaninou a nikoli vzduchem,
ktery nemd v prostredi propustnych hornin poZadovany podparny
ucinek.

Stroje EPBS byly v uzavieném reZimu operovany s tlakem p gpp
cca 1,5-2.5 barli na senzorech umisténych v horni ¢ésti odtéZovaci
komory, coZ indikovalo jeji zapInéni, rychlost otdceni fezné hlavy
byla 2,7 ot/min., Snekového dopravniku max. 8 ot/min., penetrace
cca 11 mm, prumérnd rychlost 29 mm/min. a jeden zabér 1,5 m byl
vyrazZen za 52 min. Hodnota kroutictho momentu se pohybovala na
hodnotdch 24 MNm az 3 MNm. Tla¢n4 sila od pisti na segmenty
meéla hodnotu 10 000 az 18 000 kN.

6 REZNE NASTROJE PRO RAZBU

Podle prepokladané geologie byla vyrobcem stroje EPBS firmou
Herrenknecht AG feznd hlava osazena 4x17¢ jednodisky umistény-
mi na obvodu fezné hlavy. Obvodové disky se daly vysouvat, aby
mohly vytvédret po obvodu vyrub o pruméru 6060-6100 mm
z duvodu razby v rozdiln€ tlacivych hornindch. Na ploSe fezné hlavy
bylo osazeno 17x17¢ dvoudiski. Odstup jednotlivych stop byl
100 mm. Pfed zahdjenim razeb byly 17* dvoudisky nahrazeny fez-
nymi noZi, tedy statickymi néstroji vyjma jednoduchych diska po
obvodu jako reakce na razbu v mékkych hornindch typu prachoveu
a jilovitych bridlic pevnosti 0,5-1,5 MPa zastizenych pri razbé
v blizkosti stanice Petfiny. Vyhodou feznych nozu byla niZ3i cena
a niz§{ hmotnost, takZe pfi vyméné se s nimi dalo dobfe manipulo-
vat. Porovndni mezi vykonnosti nozi a diski po obvodu byla pak
provedena u druhého stroje, ktery byl jiZ vystrojen po obvodu pouze
noZzi. Spotieba feznych ndstroju zvlasté v abrazivnich piskovcich
byla obdobn4. Jedinou nevyhodou nozu bylo, Ze vytvarely vétsi
kroutici moment fezné hlavy a z tohoto duvodu byla dohodnuta
s vyrobcem ndhrada za jiny tvar noZe s mensi kontaktni plochou.
U téch se vSak nerovnomérné opotiebovdvala jejich tvrdokovova
dprava. K dal$imu vyvoji tvaru nozu jiz nedoslo, jelikoZ jejich pou-
Ziti ukonilo zastiZeni vrstev kifemencu. Po kontaktu s nimi do$lo ke
znieni osazenych nozu a feznd hlava musela byt zpétné vystrojena
disky. Také u diska doslo ke zméné a pavodni 17 disky byly nahra-
zeny 18“. Pouziti 18 diska se vyznamné projevilo na jejich zvyse-
né Zivotnosti. S prestrojenou feznou hlavou s 18 disky razba pro-
béhla az do konce. V mekkych jilovitych hornindch se naplno proje-
vila nevyhoda diska, u nichZ se po zablokovani zastavilo jejich otd-
Cenf a disky se tak opotfebovavaly nerovnomérné tak dlouho, az pre-
staly byt funkeni. Proto byly na plnoprofilové hlavé osazeny dva
senzory, které rozezndvaly opotfeben{ feznych ndstroju.

Pouziti obou druhu feznych ndstroju se v zastizenych geologic-
kych podminkdch osvéd¢ilo, pii¢emz z duvodu razby v uzavieném
modu a pozadavkem na del3i Zivotnost feznych ndstroju bylo jed-
nozna¢né preferovano pouZiti disku.

7 INOVATIVNI RESENI PROVEDENE
PRO TECHNOLOGII EPBEM

7.1 Starty EPBS

Razby §titd byly ze zaCdtku rozdéleny tfemi podzemnimi stani-
cemi, jednou otevienou hloubenou jdmou a podzemnim prostorem
pro budouci objekt ventilace. Oba stroje tedy musely na ¢tyrkilo-
metrovém tUseku absolvovat Ctyfi presuny témito prostory a také
Ctyfi restarty v rozrazkach.

Zahdjeni razeb v montdZzni komore na Vypichu bylo podminéno
vyrazenim cca 10 metrQ tuneld, do kterych byl vsunut §tit. Za nim
byl instalovan masivni ocelovy startovaci rdm, ktery pro tento icel
navrhla firma Herrenknecht. Rdm byl opren do Zelezobetonové
konstrukce dna Sachty stavenisté BREI, které bylo navrzeno na
spolehlivé preneseni sil vyvozenych tlatnymi pisty tunelovaciho
stroje.
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(water-bearing sandstone layers). Apart from operating parame-
ters, shield operators had to monitor even the consistency of the
muck being excavated so that it was suitable for both the screw
conveyor and the transport by the belt conveyor up to the inter-
mediate stockpile on the surface, located in the area of the con-
struction site.

The EPB shields were operated with the pressure ps of about
0.5 bar in the extraction chamber. This pressure was sufficient for
partial filling of the chamber. The cutterhead speed and the screw
conveyor rotating velocity were adjusted at 3 rev/min and 10
rev/min respectively; penetration rate of about 11.5 mm/min and
average penetration rate of 33 mm/min were maintained. The
excavation of one 1.5 m long round took 45 minutes. The torque
fluctuated about 2.1 MNm. The thrust of rams against lining seg-
ments varied between 6000 — 8000 kN.

5.3 Regime with full face support (the closed mode)

The regime with full face support (the closed mode) is the prin-
ciple of the origination of the EPB (Earth Pressure Balance) met-
hod and its development modification. Its application is benefici-
al first of all in instable ground and under water table if water
inflow rates or hydrostatic pressure values are low. The face sta-
bility and reduction of the surface settlement is achieved by crea-
ting the state of equilibrium. The condition is that the extraction
chamber is adequately filled, which depends on the proper alte-
ring of the material consistency. BASF AG was awarded the con-
tract for supplying additives for the treatment of muck in
a competition organised for the Metro V.A project. It recommen-
ded two of its products for the particular geological environment
- SLF 41 and Rheosoil. Metrostav a. s. decided even to apply pro-
ducts of other companies to selected sections — Condat and Mapei
— to obtain as much information and experience as possible. The
adjustment of muck consistency and the EPB shield control is
very difficult in this mode.

In metro V.A conditions, the closed mode was used in the loca-
tions where there was the effort to prevent the settlement of exis-
ting buildings. In the initial phase of excavation the closed mode
was applied only for a short time, during the passage under the
residential complex of Hvézda and under a railway track near
Veleslavin railway station. More longer experience with this ope-
rating tunnelling regime was gathered during the tunnelling under
Evropskd Street, which means tunnelling without exception wit-
hin the entire track section between Cerveny vrch and Dejvickd
stations.

The course of each advance of the machine and the following
assembly of the next lining ring was displayed by characteristic
curves in the time-pressure diagram, where the pressure in the
extraction chamber gradually decreased during the excavation. It
was the result of the release of air from foams after treating the
muck and of the muck consolidation itself. The drop in the hyd-
raulic oil temperature and subsequent contraction of thrust cylin-
ders had also their share of this effect. An air release valve was
additionally installed on the extraction chamber with the aim of
minimising this effect. Air pressure could be reduced by this valve
during the filling of the chamber so that the positive pressure was
really induced as much as possible by the muck, not by air, which
does not produce the required supporting effect in the environ-
ment formed by permeable ground.

The EPB machines were operated in the closed regime with the
pressure p, gpg Of about 1.5 to 2.5 bar on sensors located in the
upper part of the extraction chamber. This pressure indicated that
the chamber was full. The cutterhead speed was 2.7 rev/min;
maximum screw conveyor rotating velocity was 8 rev/min; pene-
tration rate of 11 mm/min; average penetration rate of 29
mm/min; one 1.5 m long excavation round was completed in 52
minutes. The torque value varied between 2.4 MNm and 3.0
MNm. The thrust of rams against lining segments varied between
10,000 and 18,000 kN.

6 CUTTING TOOLS FOR EXCAVATION

Based on the anticipation of the geology, Herrenknecht AG,
the manufacturer of the EPB shields, installed 4 x 17 single-
disc cutters on the cutting wheel circumference. It was possible
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Fig. 5 Support elements for the EPB shield start from a launching chamber

Ocelovy rdm byl opétovné pouZit i pro start obou stroju ze sta-
vebni jdmy na stavenisti E2. Start se vSak lisil oproti Sachté na
ZS BREI, nebot' nebyly vyuzity predrazené tunelové komory. Start
stroje byl proveden do svislé stény jamy a tlacné sily byly na rdm
prendSeny pres postupné stavéné prstence osténi, které byly podpi-
rdany pomocnymi ocelovymi konstrukcemi a prevazéany lany.

V podzemnich stanicich se pro restart stroju nejdiive vyrazily
startovaci komory délky 12 metru a profilu vét§im, nez byl prumeér
EPBS. Do primérniho osténi predrazeného tunelu byla po segmen-
tech predem instalovdana ocelovd skruz, kterd se nésledné spojila
s osténim pomoci kotev a volny prostor mezi ni a primdrnim osté-
nim komory byl vyplnén samozhutnitelnym betonem. Na skruz
byly nésledné privareny ocelové opéry (obr. 5). K témto opérdm se
pred zahdjenim raZeb Stitem primontoval ocelovy prstenec. K nému
se pak sestavil prstenec ze Zelezobetonovych segmentd, od kterého
se pak $titové pisty oprely.

7.2 Priitahy razenymi stanicemi

Presuny 3tita pfedem vyrazenym prostorem stanic byly ze za¢t-
ku provaddény zpusobem, ktery byl inspirovdn feSenim provadénym
pri vystavbé metra v tureckém Istanbulu. Ve stanici byly vybetono-
vény konstrukce Zelezobetonovych ltzek, do kterych byly upevné-
ny vodici kolejnice. Po téchto kolejnicich, které musely byt pred
posunem dukladné lubrikovény, se uskute¢nil posun Stitové Cdsti
stroje EPBS. K vlastnimu posunu stroje byl pouZzivan ocelovy seg-
ment, ktery se privafil ke kolejnicim. Od n€j se §tit presunul vzdy
na vzdalenost jednoho postupu. Po vysunu se ocelovy segment pre-
mistil zp€t na startovaci pozici. Tim, Ze byl stroj posouvan po kolej-
nicich, byla minimalizovédna sty¢nd plocha, a tim i odpor vznikaji-
ci v dasledku pusobici tiect sily.

Pro pfesun zdvésnych vozu byly $titem do lazka poklddédny seg-
menty osténi, které byly kladeny do vysypaného piskového lozZe.
Pozdéji se ukdzalo, Ze zfizovani piskového loZe a instalace seg-
mentu bylo prili§ zdlouhavé. Problémy se ukdzaly i pfi naslednych
prujezdech vozy MSYV, jejichZ hmotnost zpusobila praskdni
a posuny Zelezobetonovych dilci. Navic konstrukce luZek ze seg-
mentl bylo nutné opét odstranovat, coZ s ohledem na pracnost pro-
vadéni i cenu posSkozenych prefabrikdtd neimérné navySovalo
ndklady.

Po prvnim presunu $titu byly navrZeny ocelové konstrukce, které
Zelezobetonové 10zko nahradily a cely proces zrychlily. Tyto ocelo-
vé konstrukce byly modifikovatelné a navic pouZzitelné opakované,
a to jak v hloubenych ¢dstech (obr. 6), tak v raZenych stanicich.

7.3 Tésnéni mezery za osténim pii dorazeni do stanic

Po prordzce stroje EPBS a zahdjeni jeho pfesunu bylo potieba
dokondit montdz osténi, az do prostoru stanice nebo do stavebni
jamy. Poslednich né€kolik prstenct bylo tieba blizko stény jamy ¢&i
stanice dodate¢né aktivovat vac¢i horninovému prostiedi. Po zatés-
néni posledniho prstence v drovni prordzky se zpétné zapliovalo
mezikruzi predchozich nékolika prstencti dvoukomponentni vypl-
novou suspenzi.

TuoufHel

to extend the circumferential discs so that they could create the
excavated opening with the diameter of 6060 — 6100 mm when
passing through variously squeezing ground. There were 17 x 17
twin-discs installed within the cutting wheel surface. The sepa-
ration between individual paths of the discs was 100 mm. Before
the excavation commencement, the 17 twin-disc cutters were
replaced by simple cutters, i.e. static tools (with the exception of
single-disc cutters on the circumference) as a response to the
excavation through soft ground of the siltstone and clayey shale
types with the strength ranging from 0.5 to 1.5 MPa, which were
encountered during the work in the vicinity of Petfiny station.
The advantage of the simple cutters lied in a lower price and
lower weight, facilitating the handling of the cutters when they
were being replaced. The performance of the simple cutters and
disc cutters was compared on the second machine, the cutting
wheel of which was equipped on the circumference solely with
simple cutters. The consumption of cutting tools, especially in
abrasive sandstone, was similar. The only disadvantage of sim-
ple cutters was the fact that they produced greater cutting wheel
torque. This was the reason why replacement with a different,
smaller contact area shape of the cutters was agreed with the
manufacturer. However, these cutters suffered from quicker
wear of the tungsten carbide coating. The shape of the cutters
was no more developed because of the fact that their use was ter-
minated by encountering quartzite beds. After getting into con-
tact with them, the cutters installed on the cutterhead got destro-
yed and disc cutters had to be re-installed. Even these discs were
changed; the original 17 diameter was replaced by 18*. The use
of 18 discs significantly manifested itself on increased lifetime.
The excavation using the 18 discs on the cutterhead lasted to
the very end. The disadvantage of disc cutters fully showed up
in soft clayey ground. The rotation of the discs got blocked and
the discs were worn unequally until they ceased to be functional.
Two sensors distinguishing the wear of cutting tools were for
that reason installed on the full-face cutterhead.

The use of both types of cutting tools acquitted itself in the geo-
logical conditions encountered, the use of discs was unambigu-
ously preferred with respect to the open mode excavation and the
longer durability of cutting tools.

7 INNOVATIVE SOLUTION APPLIED TO THE EPBM
TECHNOLOGY

71 EPB SHIELD LAUNCHES

The tunnelling by the shields was in the beginning divided by
three underground stations, one open construction pit and the
underground space for a future ventilation structure. Both machi-
nes therefore had to be shifted four times through these spaces and
four re-launches in starter stubs were necessary.

The commencement of tunnelling operations in the assembly
chamber in Vypich was conditioned by the excavation of an about
10 m long tunnel stub which the shield was shifted into. A massive
steel thrust reaction frame designed for this purpose by
Herrenknecht AG was installed behind it. The frame was braced
against the reinforced concrete structure of the bottom of the shaft
on BREI construction site, which was designed to be able to reli-
ably transfer the forces induced by thrust cylinders of the full-face
tunnelling machine.

The steel frame was repeatedly used even for the launching of
both machines from the construction pit at E2 site. But this laun-
ching differed from the launching from the shaft on BREI site
because the pre-excavated tunnel chambers were not used. The
machine was launched against the vertical wall of the pit and the
thrust forces were transferred to the frame through step-by-step
erected lining rings, which were supported by auxiliary steel
structures and tied around by cables.

In the underground stations, 12 m long launching chambers
with diameters greater than the EPB shield diameter were excava-
ted first. A steel ring was inserted in advance, segment-by-seg-
ment, into the pre-excavated tunnel primary lining. It was subse-
quently connected to the lining by means of anchors and the free
space between the ring structure and the primary lining of the
chamber was filled with self-compacting concrete. Steel braces




Fig. 6 S-609 machine during the shifting on the steel structure along a cut-
and-cover section

Po prvni prordzce do stanice Petfiny bylo v mezefe mezi osténim
a vyrubem vystavéno zdéné ¢ilko. Tento tradiéni postup se ukdzal
byt ponékud zdlouhavy, proto se pfi dalsi prordZce mezera zaplio-
vala stiikanym betonem.

Posledni a do konce raZeb pouZzivané feSeni bylo inspirovéano
systémem pouZivanym v dalnich provozech. Tam se na zaplnéni
prostoru mezi duln{ vyztuZi a licem vyrubu pouZivaji polypropyle-
nové vaky, které se ulozi vné obvodu vyztuze a nasledné se do nich
napumpuje minerdlni cementovd malta. Vaky po vytvrdnuti smési
plni funkci nosného vyztuzovaciho prvku. Tento vak byl podle
poZadavku firmy Metrostav a. s. modifikovédn tak, aby jim bylo
mozno obepnout cely prstenec (obr. 7). Byl rozdélen do nekolika
komor pro rovnomérné plnéni smeési soumérné po obou stranach.
Po dokonéeni montéze posledniho prstence a odsunuti Stitu se vné
osténi osadil na miru usity vak. Po instalaci a zajisténi byl vak od
spodu postupné zaplnén cementovou smési. Tim bylo vytvoreno
¢ilko umoznujici vyplnéni mezery za nckolika predchdzejicimi
prstenci.

Obr. 7 Cilko z vaku naplnéného cementovou smési
Fig. 7 Stop end formed by a bag filled with cement mixture
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were subsequently welded to the ring (see Fig. 5). A steel ring was
attached to the braces before the commencement of the sheet tun-
nelling. Subsequently, a reinforced concrete lining ring was atta-
ched to it, providing reaction for thrust rams.

7.2 Pulling through mined stations

The shifting of the shields through the excavated space of stati-
ons was in the beginning carried out in a way which was inspired
by the solution used during the construction of metro in Istanbul,
Turkey. Concrete beds were cast in the station with guide rails
fixed to them. The shield part of the EPB machine itself was shif-
ted along these rails. Of course, the rails had to be thoroughly lub-
ricated before the shifting operation. A steel segment was welded
to the rails to provide support for the movement of the shield. The
shield was pushed ahead from the steel segment always to the
distance equal to the length of one excavation advance round.
After the shifting, the segment was welded in the new starting
position. Owing to the fact that the shield was moved along the
rails, the contact area, thus also the resistance induced by the fric-
tion force, were minimised.

Lining segments were placed by the shield in a sand bed laid on
the bottom to make the shifting of the backup carriages possible.
Later it turned out that the laying of the sand bed and installation
of segments took too much time. Problems appeared even during
the subsequent travels of the MSV vehicles, the weight of which
caused cracking and shifting of the reinforced concrete segments.
In addition, the structures of the beds formed by segments had to
be again removed, which operations inadequately increased the
costs as far as the laboriousness and the cost of damaged segments
were concerned.

Steel structures were designed after the first shifting of the shi-
eld. They replaced the reinforced concrete bed and accelerated the
entire process. These steel structures were modifiable and, in
addition, reusable, both in cut-and-cover parts (see Fig. 6) and in
mined stations.

7.3 Sealing the gap behind the lining on the arrival
of shields at stations

After the EPB shield breakthrough and the commencement of
its shifting, it was necessary to finish the assembly of the lining
up to the station space or up to the station box. The last several
lining rings had to be additionally activated against the ground
environment in the vicinity of the pit or station wall. After the
packing of the last ring at the last breakthrough, the annulus
around several previous rings was backfilled with two-component
slurry.

A masonry stop end was installed in the gap between the lining
and the surface of the excavated opening after the first breakt-
hrough into Petfiny station. However, this traditional procedure
turned out to be rather lengthy. During the next breakthrough the
gap was therefore backfilled with shotcrete.

The last solution, which was applied until the end of the shield
tunnelling, was inspired by the system used in mines. The poly-
propylene bags are placed behind the circumference of the exca-
vation support and mineral cement mortar is pumped into them.
They are used for the backfilling of the space between the mining
support and the excavated opening surface. After the mixture har-
dens, the bags fulfil the function of a stiffening support element.
This bag was modified on the basis of Metrostav a. .s require-
ments in a way allowing it to circumscribe the entire ring (see Fig.
7). It was divided into several compartments allowing the mixtu-
re to be distributed symmetrically on both sides. When the assem-
bly of the last lining ring had been finished and the shield had
been shifted, the sawn-to-measure bag was placed behind the
lining. When the bag installation and stabilisation had been finis-
hed, the bag was gradually filled up from the bottom with cement
mix. In this way a stop end was created allowing the filling of the
annular gap behind preceding rings.

Standard two-component clay-cement mortar was injected
through filling tubes, installed when the bag was being filled,
immediately after the cement mix in the bag had hardened. The
advantage of this solution is its simplicity. The bag can be inser-
ted even into narrow gaps and it is so tight after the filling that
the originated stop end does not need additional sealing and, in
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Vypln byla provadéna standardni dvoukomponentni jilocemento-
vou maltou hned po vytvrdnuti cementové smési ve vaku pres plni-
ci trubky instalované pfi plnéni vaku. Vyhodou tohoto reSeni je jeho
jednoduchost, vak se dd vsunout i do tzkych mezer a po vyplnéni

je natolik tésny, Ze vzniklé ¢ilko neni tfeba dodate¢né dotésnovat
a navic po zatvrdnuti dostate¢né polohové fixuje posledni prstenec.

8 ZAVER

Prvni nasazeni technologie EPBM v Ceské republice v prostredi
prazské geologie je jiZ minulosti. Doba razeb jednokolejnych tune-
1t byla napldnovdna na méné neZ 19 mésict se vemi prostoji na
presuny stanicemi a jdmou a s jednim prestéhovanim kompletni
technologické vybavenosti §titi souvisejicim se zafizenim stavenis-
t€ na povrchu.

Splnéni harmonogramu na technicky naro¢ném projektu obsahu-
jicim Casté starty tunelovacich stroju a presuny razictho komplexu
razenymi stanicemi vyzZadovalo koordinaci a detailni planovéani
vzdy s jinymi tymy tGcastniku vystavby.

Postupné zdokonalovani zpusobu presunu §titi a opétovnych
zahdjeni raZeb za stanicemi minimalizovalo prostoje raZeb stroju
EPBS, protoZe tyto operace pri pripravé projektu nebyly napldno-
vény detailné.

Dokoncena je také v soucasné dob€ nejsloZitéjsi Cdst razeb na
metru V.A pod ulici Evropskd. Pravé razba tohoto tseku byla hlav-
nim divodem, pro¢ byla zadavatelem predepséna priavé metoda
§titd s kontrolovanou kompenzaci zemnich tlaka. Zjisténé skutec-
nosti souvisejici s propadem vozovky potvrdily, Ze pouzitd techno-
logickd modifikace je do zastiZenych obtiZnych geotechnickych
podminek velice vhodnd. Pfes pfitomnost podzemniho volného
prostoru nad tunelem o celkovém objemu cca 50 m3 nebylo ostén{
tunelt v hloubce 10 m pod propadem jakkoli poskozeno. Razby
byly sice po této udalosti zastaveny, ale po zdkladnim zajisten{
mista byly po dvou dnech znovu obnoveny v reZimu ,,uzavieného
modu”. Prave volitelné reZimy stroje EPBS s moznosti kontinudln{
kontroly razby a vystavbou definitivniho osténi tunelu hned
s razbou potvrzuji opravnénost této technologie provddéni.
Konvencni metody razeni by v geologickych podminkdch zastize-
nych pod ulici Evropskd nebyly v takovém rozsahu a za planova-
nou dobu vystavby vibec uskute¢nitelné.

Pro vSechny udcastniky realizace znamenalo nasazeni tunelova-
cich stroju EPBS obrovskou zkuSenost. Lze jen doufat, Ze nabyté
znalosti se pozitivné odrazi pii ptipravé a provadéni dalSich projek-
tu. PfestoZe bylo nutné béhem raZeb &elit nékolika nepredvidanym
udélostem, bylo prvni nasazeni komplexu EPBS u firmy Metrostav
uspésné. Razby byly dokonceny pred terminem stanovenym
v harmonogramu jiz ke konci listopadu 2011.
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addition, it sufficiently fixes the last ring in its position after the
hardening process.

8 CONCLUSION

The first employment of the EPBM technology in the Czech
Republic, in the Prague geological environment, has become the
history. The duration of the driving of the single-track tunnels was
planned for less than 19 months, including all downtimes required
for transfers through stations and the construction pit and one event
of moving the complete technological facilities system for the shi-
elds, associated with the construction site facilities on the surface.

The meeting of the works schedule for the technically compli-
cated project, comprising frequent launches of the full-face tun-
nelling machines and shifting of tunnelling complexes through
mined stations, required coordination and detailed planning
always jointly with other teams of the project parties.

Gradual improvements in the shifting of the shields and re-laun-
ching them behind the stations were necessary to minimise the
downtimes of the EPB shields, because of the fact that these ope-
rations had not been planned in detail during the preparation of
the design.

Even the currently most complicated driving section on the
metro Line V.A under Evropska Street has been completed. It was
the excavation of this tunnel section that was the main reason why
the client prescribed the Earth Pressure Balance Method. The
facts found out in the context of the roadway sinking confirmed
that the technological modification which was applied was very
suitable for the difficult geotechnical conditions encountered.
Despite the presence of an empty space above the tunnel with the
volume of about 50 m3, the tunnel lining located at the depth of
about 10 m under the sunk roadway surface was not at all dama-
ged. Of course, the advance of the shields was suspended after
this event, but, after basic stabilisation of the location, it was resu-
med in the open mode regime. The optional EPB shield modes
with the possibility of continual control of the excavation and the
construction of the tunnel final lining concurrently, just behind the
excavation, confirm the justifiability of this tunnelling technolo-
gy. Conventional tunnelling methods would not have been viable
for such the extent and for such the planned construction time in
the geological environment encountered under Evropska Street.

The employment of EPB full-face tunnelling machines meant
great experience for all parties to the project. It is only possible to
hope that the gathered experience will be positively reflected
during the preparation and implementation of other projects.
Despite the fact that it was necessary during the driving operati-
ons to face several contingencies, the employment of the EPB
complexes by Metrostav a. s. was a success. The drives were com-
pleted as early as the end of November 2011, ahead of the deadli-
ne set by the works schedule.
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DEFINITIVNI KONSTRUKCE RAZENYCH USEKU NA STAVBE
TUNELOVEHO KOMPLEXU BLANKA

FINAL STRUCTURES OF MINED SECTIONS OF BLANKA COMPLEX
OF TUNNELS

PAVEL SOUREK, JAN KVAS, LUKAS GRUNWALD, VLADIMIR PETRZILKA, MIROSLAV PADEVET

1 0voD

Préce na tunelovém komplexu Blanka na Méstském okruhu (MO)
v Praze se v poslednim obdob{ dostaly do etapy dokoncovacich praci
a nasledné montaze technologie. Dokonceny byly veskeré betondze
nosnych konstrukei tunell a souvisejicich podzemnich objektu. Na
rozdil od hloubenych tuneld, s jejichZ technickym feSenim jiZ byli
Ctendfi na strankach Casopisu Tunel sezndmeni, s feSenim betono-
vych konstrukef raZzenych tunelti tomu tak doposud nebylo. V tomto
Cléanku se proto budeme vénovat popisu tuneld razenych, a to kon-
strukcim trvalym definitivnim, nebot’ vlastni razby tunelu spolu
s primarnim osténim jiZ byly také dostate¢né publikovany.

Pro piehlednost si v tivodu znovu uvedme nékteré zakladni ddaje
o celém projektu. Tunelovy komplex Blanka v Praze predstavuje
vedeni trasy Méstského okruhu v 5,5 km dlouhém tunelovém tseku.
Z celkového poétu vice nez 12 km tunelovych trub pripadd cca
5.5 km na tunely provadéné jako raZené a cca 6,5 km na tunely rea-
lizované z povrchu jako klasické hloubené (podrobnéji viz. ¢lanek
oti§teny v &isle 1/2009) a na tunely realizované tzv. modifikovanou
mildnskou metodou s Celnim odtéZovanim (podrobnéji viz ¢lanek
otistény v Cisle 2/2010).

2 ROZSAH RAZENYCH TUNELU
A RAZENYCH PODZEMNICH OBJEKTU

Razené tunely jsou v rdmci tunelového komplexu vyuzity
v mistech, kde nebyl umoznén zdsah stavby do tzemi, at jiz
z divodu stavajici zastavby, nebo jiného divodu ochrany povrchu.
Zaroven se jednd o tuseky, kde nadlozi dosahuje vice nez 10 m,
a bylo by proto neekonomické realizovat zde tunely hloubené.

Celkem se na tunelovém komplexu Blanka nachdzeji dva useky,
kde je vyuZito tunela raZenych a déle nékolik podzemnich technolo-
gickych objektu realizovanych razenim:

—razeny tunelovy usek Krdlovskd obora na st. ¢. 0079 2231 m

—razeny tunelovy dsek Brusnice na st. €. 9515 550 m
—razené technologické centrum se strojovnou VZT,

s kandly a Sachtami VZT k vydechu

Nad Kralovskou oborou na st. ¢. 0079 600 m + 72 m
— raZzena trafostanice pod Stromovkou na st. ¢. 0079 28 m
— razena Cerpacf stanice a vytlak kanalizace

na Cisarsky ostrov na st. ¢. 0079 41 m
—razeny kandl a Sachta VZT k vydechu

Nad Octdrnou na st. ¢. 9515 123 m+40 m

Kromé tunelovych &asti jsou soucdsti stavby tunelového komple-
xu cca 3 km razenych kanalizacnich a dalSich stol.

Jak vyplyva z vyse uvedeného vyctu, jsou razené tunely vyuzity ve
dvou samostatnych tsecich propojenych hloubenou ¢ésti. V tunelovém
useku Kralovskd obora navazuji razené tunely na hloubeny tusek ve sta-
vebni jamé Letnd, sméfuji pod zédstavbu na Letné, Stromovku
(Krélovska obora), plavebni kandl, Cisarsky ostrov, Vitavu a ddle do
prostoru Troje, kde prechézeji opét do udseku hloubeného (obr. 1).
Souddsti razenych tunelt hlavni trasy je rovnéZ rozsdhlé razené pod-
zemni technologické a vzduchotechnické centrum pod Letnou napojené
na oba dopravni tubusy a vydechovy objekt Nad Kralovskou oborou,
déle potom podzemni trafostanice pod Stromovkou a Cerpaci stanice
s vytlakem kanalizace pod Cisarskym ostrovem. V tunelovém tseku
Brusnice jsou razené tunely vedeny od stavebni jamy za kfizovatkou
Myslbekova/Pato¢kova pod puvodnim prostorem praZského barok-
niho opevnéni smérem ke stavebni jamé u kriZzovatky na Pra§ném
mosté (obr. 2). Soucdsti jsou rovnéZ samostatné vedeny raZeny

1 INTRODUCTION

The work on the Blanka complex of tunnels on the City Circle Road
in Prague (the inner circle) have recently got to the stage of finishing of
civils work and installation of equipment. All casting of load-carrying
concrete structures of tunnels and related structures have been finished.
As opposed to cut-and-cover tunnels, the technical solution to which
readers have already been acquainted on pages of TUNEL journal, the
solution to concrete structures of mined tunnels has not been presented
yet. In this paper, we will therefore dedicate ourselves to the descripti-
on of mined tunnels, specifically to permanent-final structures, becau-
se the driving and primary lining of the tunnels has also been published
sufficiently.

For clarity, let us repeat some basic data on the entire project just in
the beginning. The Blanka complex of tunnels in Prague represents
a 5.5 km long section of the City Circle Road running through tunnels.
Of the total length of over 12 km tunnel tubes, approximately 5.5 km
are formed by mined tunnels, whilst about 6.5 km comprise of classical
cut-and-cover tunnels (for more detail read a paper published in issue
1/2009) and cover-and-cut (top-down method) tunnels (for more detail
read a paper published in issue 2/2010).

2 EXTENT OF MINED TUNNELS AND MINED
UNDERGROUND STRUCTURES

Mined tunnels are used in the locations on the complex of tunnels
where no encroaching into the area on the surface was permitted, either
because of existing buildings or for another surface protection reason.
At the same time, the overburden height exceeds 10m in these sections
and it would have been uneconomic to build cut-and-cover tunnels
there.

In general, there are two sections of the Blanka complex of tunnels
where mined tunnels are used and several underground service structu-
res are carried out by means of mining:

— Kralovska Obora mined tunnel section;

construction lot No. 0079 2231 m
— Brusnice mined tunnel section;

construction lot No. 9515 550 m
— a mined service centre comprising a ventilation plant

cavern with ventilation ducts and exhaust shafts

leading to the exhaust structure in Nad Kralovskou

Oborou Street; construction lot No . 0079 600 m+ 72 m
— mined transformer station in Pod Stromovkou Street;

constr. lot No. 0079 28 m
— mined pumping station and sewerage discharge tunnel

to Cisarsky Ostrov Island; construction lot No. 0079 41 m

— mined ventilation duct and shaft to the exhaust structure
in Nad Octarnou Street; construction lot No. 9515 123 m + 40 m

In addition to tunnelled sections, about 3.0 km of mined sewers and
other tunnels are parts of the tunnelling complex project (their techni-
cal solutions differ from the text below).

As it follows from the above-mentioned list, mined tunnels are used
in two separate sections, which are interconnected by a cut-and-cover
/ cover-and-cut tunnel section. In the Kralovska Obora tunnel section,
the mined tunnels are connected to the cut-and-cover section in the
Letnd Plain construction pit, run further under existing buildings in
Letnd Plain, Stromovka Park (Krdlovskd Obora Park), a shipping
canal, Cisarsky Ostrov Island, the Vltava River and further to the area
of the district of Troja, where they again pass into a cut-and-cover sec-
tion (see Fig. 1). Parts of the main-route mined tunnels are the service



vzduchotechnicky kandl a Sachta mezi
technologickym centrem ve stavebni
jamé Myslbekova a vydechovym objek-
tem Nad Octdrnou.

V hlavni trase Méstského okruhu jsou
vyuzity tunely dvoupruhové (3248 m),
resp. tfipruhové (2093 m), dile Ctyri
nouzové zalivy (206 m) (obr. 3) a nad-
vySeny profil s predpjatym mezistropem
v misté napojeni vzduchotechniky tune-
lu (obr. 4+5). Tyto profily jsou dale
doplnény o atypické profily technolo-
gickych tunelu, propojek, vzduchotech-
nickych kandlu a Sachet.

3 GEOTECHNICKE PODMINKY
STAVBY

Geologické podminky celé stavby
jsou pomérné slozité a dosti proménlivé.
Razené tunely jsou v prevazné Casti
trasy umistény v tzv. prazské panvi, dil-

“r . o . P i E Tk
¢im sedimenta¢nim prostoru rozsdhlého aveni§té‘Letf_)é 2

barrandienského synklinoria, v némz je “d né_c‘bﬁstryctidn‘site .

skalni podloZi tvofeno zvrasnénym is
komplexem bridlic, drob, piskovca £
a kiemenct ordovického stdii. Tyto hor-
niny vznikaly ukldddnim psefitického,
aleuritického a pelitického materidlu
v sedimentacni panvi se znaéné¢ mobil-
nim dnem i pobfeZni ¢érou.

V prostoru tunelt na Letné a v tdseku
Brusnice maji zastoupeni vrstvy leten-
skych bridlic monoténniho i flySového
vyvoje. V piipadé monoténniho vyvoje se jednd o pis¢ité a prachovité
bridlice jemné az hrubé slidnaté a tluste deskovité vrstevnaté s malou
odolnosti proti zvétravani. V piipadé flySového vyvoje se jedna
o piscité a drobové bridlice s vlozkami kfemencu. Bfidlice jsou hrubé
slidnaté a tlust¢ deskovité vrstevnaté. Kiemence a piskovce tvori cca
30 az 50 %. FlySovy vyvoj letenského souvrstvi je proti zvétrani odol-
ny a mocnost zvétrani dosahuje vétSinou mensich hodnot okolo 3 m.

~ S Staveniste Myslbekova ;
- Myslbekgyg iconstructionsite 1™

Obr. 2 Situace raZeného tunelu Brusnice
Fig. 2 Brusnice mined tunnel layout
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Obr. 1 Situace raZeného tunelu Krdlovskd obora
Fig. 1 Krdlova Obora mined tunnel layout

and ventilation centre under Letna Plain, which is connected to both
road tunnel tubes and the exhaust structure in Nad Kralovskou Oborou
Street, the underground transformer station under Stromovka Park and
the pumping station with a sewage discharge tunnel under Cisarsky
Ostrov Island. In the Brusnice tunnel section, mined tunnels run from
the construction pit behind the intersection between Myslbekova and
Patockova Streets, under the original space of Prague Baroque fortifi-
cation in the direction of the construction pit adjacent to the Prasny
Most intersection (see Fig. 2). A sepa-
rately led mined ventilation duct and
shaft between the service centre in
Myslbekova construction pit and the
Nad Octdrnou exhaust structure are also
parts of the complex.

Double-lane tunnels (3,248 m) and
triple-lane tunnels (2,093 m) are used on
the main route of the City Circle Road,
containing four emergency lay-bys (206
m) (see Fig. 3) and an enlarged-height
profile with a pre-tensioned intermediate
deck in the location of the tunnel ventila-

= Staveni tion connection (see Figures 4 + 5). These
taveni o ) .

Prasny mosts profiles are further supplemented by aty-

Pragny Mgst pical profiles of service tunnels, cross-
ﬁnstruction site passages, ventilation ducts and shafts.

3 GEOTECHNICAL CONDITIONS OF
THE PROJECT

Geological conditions of the whole
project are relatively complicated and
significantly variable. The major parts of
mined tunnels are located in the so-cal-
led Prague Basin, which is a partial sedi-
mentation space of the extensive Barran-
dian Synclinorium, where the bedrock is
formed by a folded complex of the
Ordovician age shales, greywacke, sand-
stone and quartzite. These rocks origina-
ted by the deposition of pselitic, aleuritic
and pelitic materials in the sedimentation
basin, the bottom of which and coastline
were significantly mobile.




Obr. 3 Definitivni osténi cela nouzového zdlivu
Fig. 3 Final lining of the lay-by front wall

Usek razenych tuneld v ddolni nivé feky Vltavy prochézi nekvalit-
nimi jilovitoprachovitymi bfidlicemi a silné rozpukanymi kfemenci
libenského souvrstvi a pis¢itoprachovitymi bridlicemi ve vyvoji jem-
nych kiemencu souvrstvi dobrotivského.

Mladsi geologické ttvary jsou zastoupeny kvartérnimi pokryvy.
Nejrozsifenéjsi jsou eolické sedimenty, prekryté antropogennimi sedi-
menty jako dusledek historické stavebni ¢innosti. Zastoupeny jsou i sedi-
menty fluvidlni a misty i deluvuidlni. Co do sloZeni prevlada pis¢itd hlina
se Stérkem, tj. kameny a valouny ruzné velikosti a stavebni sut. Mocnost
kvartérnich sedimentu dosahuje az 38 m, zpravidla vSak do 15 m.

Podzemni voda sleduje prevazné povrch skalntho podloZi a jeji hla-
dina se pohybuje v rozmezi 8 aZ 20 m pod terénem. Horninové pod-
loZi jako celek je pro vodu prakticky nepropustné, mocnost zvodnélé-
ho horizontu je ddna predev§im mirou zvétrani. Piima vazba mezi
atmosférickymi srdzkami a pritoky do tunelu tak byla zaznamendna
pouze v portdlovych dsecich s nizkym nadlozim. Naopak v prostoru
podchodu Vltavy a prilehlych fi¢nich teras jsou vrstvy pokryva nasy-
ceny v zdvislosti na vySce hladiny v fece a pritoky do tunelu pfimo
souvisely s pratoky v Tece.

Maximélni nadloZi raZenych tuneld je 44 m, minimédlni 8 m.
Nejmensi nadlozi pode dnem Vltavy ¢ini 14,5 m.

Agresivita podzemni vody na beton podle CSN 73 12 14 je slaba,
podle CSN EN 206-1 se jednd o stupen XA1-XA2.

4 KONSTRUKCNI RESENI RAZENYCH TUNELU

_ Dispozi¢ni feSeni profilu dopravnich tunelli odpovidd pozadavkim
CSN 73 75 07/ 2006. Prujezdn{ profil je vysky 4,8 m, §iika jizdnich
pruht je 3,5 m, $itka vodicich prouzku je 0,5 m, ndvrhova rychlost
v trase Méstského okruhu ¢ini 70 km/h. Maximélni podélny sklon
v trase raZenych tunelt je 5%, minimdln{ smérovy polomér je 330 m.
Pod vozovkou je v profilu tunelu umisténa dale technologické chod-
ba a vzduchotechnicky kandl pozdrniho odvétrdni razenych tunelt.

Obr. 4 NadvySeny tiipruhovy tunel v miste napojeni kandlu 04 pred provdde-
nim klenby

Fig. 4 Enlarged-height triple-lane tunnel at the connection of duct 04 before
the execution of the vault
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Letna Plain Shales with both monotonous and flysch background are
present in the area of tunnels in Letnd Plain and in the Brusnice secti-
on. In the case of the monotonous background, the shales are sandy and
silty, finely to coarsely micaceous, tabularly bedded, little resistant to
weathering. In the case of the flysch background, the rocks consist of
sandy shales and greywacke-type shales with quartzite interbeds. The
shales are coarsely micaceous and thickly tabularly bedded. Quartzite
and sandstone form about 30 to 50 per cent of the rocks. The flysch-
background Letnd Plain Formation is resistant to weathering; the weat-
hering depth values are mostly smaller, around 3.0 m.

The mined tunnels section located in the VItava River flood plain
runs through low quality clayey-silty shales and heavily fractured
quartzites of the Liben Formation and sandy-silty shales interlayering
the finely grained Dobrotiv Formation quartzites.

Younger geological formations are represented by Quaternary super-
ficial deposits. The most frequent are aeolian sediments overlaid by
anthropogenic sediments resulting from historic construction activities.
Fluvial sediments and locally even deluvial sediments are also present.
As far as the composition is concerned, sandy loam with gravel,
i.e. stones and boulders of various sizes and rubble, prevail. The thick-
ness of the Quaternary sediments layer reaches up to 38 m, but usually
it is less than 15 m.

Groundwater mostly follows the bedrock surface and the water table
is located at the depth under the terrain surface ranging from 8 to 20 m.
The bedrock as a whole is virtually impermeable for water; the thick-
ness of the water-bearing horizon depends first of all on the degree of
weathering. A direct relationship between atmospheric precipitation
and seepage into tunnels was registered only in shallow overburden
portal sections. Conversely, the superficial deposits in the area of the
passage under the Vltava River and adjacent river terraces are saturated
with water depending on the river surface level; the seepage into the
tunnels was directly related to the rate of flow in the river.

The maximum and minimum mined tunnel overburden heights are
44 m and 8 m, respectively. The lowest height of the overburden under
the Vltava River bottom is 14.5 m.

The concrete-aggression action of ground water determined accor-
ding to the CSN 73 1214 standard is weak; the exposure grade accor-
ding to the CSN 206-1 is XA1-XA2.

4 STRUCTURAL DESIGN FOR MINED TUNNELS

The layout of the profile of traffic and transports tunnels complies
with requirements of CSN 73 7507/ 2006 standard. The clearance pro-
file is 4.8m high, traffic lanes are 3.5 m wide, the edge line is 0.5 m
wide and the design speed along the City Circle Road is 70 km/h. The
maximum longitudinal gradient on the alignment of mined tunnels is
5.0%; the minimum horizontal curve radius is 330 m. In addition,
a service gallery and a fire ventilation duct evacuating smoke from the
mined tunnels are located under the roadway.

Profiles of the service tunnels correspond to the requirements for the
placement of tunnel equipment or to the purpose of the operating use as
far as the sizes and spatial zoning are concerned.

All mined tunnels are designed as double-shell structures to be con-
structed using the conventional NATM (the New Austrian Tunnelling
Method). The lining and the intermediate waterproofing are of a closed
design because the alignment and hydrogeological conditions do not
make the application of a permanent gravity flow drainage system pos-
sible. The primary-temporary lining is in C20/25-grade (locally
C25/30) shotcrete reinforced with lattice girders assembled from conc-
rete reinforcement rods, welded mesh and rock bolts. The majority of
the tunnelling was carried out using the so-called horizontal excavation
sequence consisting of top heading, bench and invert. The so-called
vertical excavation sequence was in the end applied only to parts of
triple-lane tunnels. Pre-construction grouting, protecting umbrellas,
modifications of the excavation sequence or combinations of the
above-mentioned measures were carried out as supplementary measu-
res in critical sections. The primary lining thickness varied from
200 mm to 400 mm, depending on the NATM excavation support class
and the size of the excavated cross-sectional area. The excavated cross-
sectional areas of the double-lane tunnel and triple-lane tunnel amoun-
ted to 123.5 m? and 173.5 m?, respectively, but the largest profile of
286,5 m? was reached at the ventilation plant cavern. More detailed
information on the excavation procedures, their impact on the surroun-
ding environment, or the experience gained during the tunnelling work
is contained in separate papers.
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Obr. 5 NadvysSeny tripruhovy tunel s predpjatym mezistropem a horni klenbou
ze stiikaného betonu

Fig. 5 Enlarged-height triple-lane tunnel with a pre-tensioned intermediate
deck and the sprayed concrete upper vault

Profily technologickych tunelt odpovidaji jak co do velikosti, tak
i ¢lenéni pozadavkim umisténého technologického zafizeni ¢i dcelu
provozniho vyuziti.

VSechny razené tunely jsou navrzeny jako dvoupldstové, realizova-
né pomoci konvencni technologie NRTM (Novd rakouskd tunelovaci
metoda). Osténi, pripadné i mezilehld izolace jsou vzdy uzavrené,
nebot’trasa a hydrogeologické podminky neumozniuji umisténi trvalé
gravitatni drendze. Primarni docasné osténi je provedeno ze strikané-
ho betonu C20/25 (lokalné 25/30), vyztuzené pithradovymi ramy
z betonéiské vyztuze, ddle svafovanymi ocelovymi sit€mi a svorniky.
Razba probihala prevdzné s horizontdlnim ¢lenénim na kalotu, opéii
a spodni klenbu. Vertikdln{ ¢lenéni ¢elby bylo nakonec vyuZzito pouze
na &asti tunell tifpruhovych. Jako dopliiujici opatreni byly v kritickych
usecich provadény sanalni injektdze, ochranné destniky, dprava clené-
ni pobirani, pfipadné kombinace uvedenych tprav. Tloustka primérni-
ho osténi se podle technologickych tfid NRTM a velikosti vyrubniho
profilu pohybovala od 200 mm do 400 mm. Vyrubni profil dvoupru-
hového tunelu &inf 123,5 m? a tfipruhového 173,5 m2, nejvétiiho pro-
filu v§ak bylo dosaZeno u strojovny VZT 286,5 m2. Podrobné;si infor-
mace o zpusobu razby, jejich vlivech na okolni prostiedi, pripadné
zkuSenosti z provddéni jsou obsahem samostatnych piispévku.

Pro zajidténi vodotésnosti razenych tunelu (prevazného rozsahu),
s ohledem na nemoZnost jejich gravitaéniho odvodnéni trvalou

Tab. 1 Tabulka profilii
Table 1 Table of profiles

Typ definitivniho osténi

Obr. 6 Armovdni spodni klenby na ochrannou folii
Fig. 6 Placement of invert reinforcing bars on a protective membrane

Taking into consideration the impossibility of the installation of per-
manent gravity flow drainage, a waterproofing system consisting of
a closed PVC_P waterproofing membrane (Sikaplan WP 2110-31 HL2
3 mm thick, with a 0.2 mm thick signal layer) was designed to secure
the waterproofing capacity of mined tunnels (the majority of them),
together with 500 mm wide external waterbars and a grouting monito-
ring system formed by hoses allowing the injection of grout between
the external surface of the permanent lining and the waterproofing
membrane. The waterproofing membrane is protected on the primary
lining side by 1200 g/m? Geofiltex 63F fleece; the invert is protected
during the installation of the final lining by 2mm thick Sikaplan Protec
(see Fig 6). A dimpled sheet membrane 8 mm thick was applied in loca-
tions of increased inflows through the primary lining to divert water to
the central drain. For more detailed information on the waterproofing
system read a paper in TUNEL issue 1/2011).

The final lining of the mined tunnels is designed as a closed cast-in-
situ C30/37, C25/30 and C20/25-grade reinforced concrete structure.
The following exposure grades were assumed, depending on the loca-
tion of a particular part of the structure: XC1 — concrete for structures
outside the roadway space, XF2 — concrete for structures above the
roadway, XA?2 — waterproof concrete for the lining. PP fibres are added
to concrete for transports tunnels (1 kg of fibres per 1 m3, the fibre
length and diameter of 6mm and 0.018 mm, respectively) to provide
protection against the influence of a fire on the loss of load-bearing

Tloustka osténi klenby  Plocha vyrazeného a zajisténého tunelu

mm (pfed realizaci definitivy) m3
Final lining type Lining vault thickness ~ Excavated and stabilised cross-sectional
mm area of the tunnel (before installation
of final lining) m3

Dvoupruh / Double-lane slabé vyztuzeny beton / lightly reinforced concrete 500 107,7
Tripruh / Triple-lane Zelezobeton / reinforced concrete 550 153,1
Z&liv / Lay-by Zelezobeton / reinforced concrete 560 156,2
NadvySeny tfipruh / Enlarged-height triple lane zb+stfikany beton / RC + shotcrete 550 177,4
Prichozi propojka / Cross passage for persons stfikany beton / shotcrete 400+50 51,5
Prijezdna propojka / Cross passage for vehicles  stfikany beton / shotcrete 400+50 70,1

Strojovna VZT / Ventilation plant cavern Zelezobeton / reinforced concrete 650 2578
Kanal 03 / Duct 03 Zelezobeton / reinforced concrete 400 425
Kanal 04/1 / Duct 04/1 zelezobeton / reinforced concrete 450 32,6
Kanal 04/2 / Duct 04/2 Zelezobeton / reinforced concrete 450 88,9
Kanal 07,08 / Duct 07,08 prosty beton / unreinforced concrete 400 64,9
TGC4 / Services centre TGC4 zelezobeton / reinforced concrete 450 105,9
TGC5 / Services centre TGCH Zelezobeton / reinforced concrete 500 77,2
Sachta 09 / Shaft 09 prosty beton / unreinforced concrete 500 79,2
Sachta 10/ Shaft 10 prosty beton / unreinforced concrete 500 49,5
Kanal VZT 9515 / Ventilation duct 9515 vodonepropustny beton / water retaining concrete 500 60,7
Sachta VZT 9515 / Ventilation shaft 9515 vodonepropustny beton / water retaining concrete 400 48,4




Obr. 7 Konstrukce spodni klenby
Fig. 7 Invert structure

Zx 2

drendzi, byl navrzen hydroizolacni systém sestdvajici z f6liové uza-
viené hydroizolace z PVC_P (Sikaplan WP 2110-31 HL2 tl. 3 mm se
signdlni vrstvou 0,2 mm), vnéjsich sparovych pédsu §fiky 500 mm
a injektdzné monitorovaciho systému hadic umoznujicich injektaz
mezi vnéjsi lic definitivniho osténi a izolaci. Ochrannou vrstvu izola-
ce tvofl na strané primdrniho osténi geotextilie Geofiltex 63F
s gramédzi 1200 g/m?, ochrana spodn{ klenby pfi provédéni definitiv-
niho osténi je tvorena folif Sikaplan Protec tl. 2 mm (obr. 6).
V mistech zvySenych piitoku skrz primdrni osténi byla pro svod vody
do stredové drendZe umisténa nopovd félie tl. 8 mm. Podrobnéjsi
informace k hydroizolatnimu systému jsou op€t obsaZeny
v samostatném prispévku (podrobnéji viz ¢lanek v ¢isle 1/2011).

Definitivni osténi raZzenych tunel je navrZeno jako uzaviené Zele-
zobetonové monolitické z betonu tridy C30/37, C25/30 a C20/25.
Podle umisténi dané Casti konstrukce byly uvazovany tridy agresivity
prostfedi XC1 — beton konstrukci mimo prostor vozovky, XF2 —
beton konstrukei nad vozovou, XA2 — vodonepropustny beton osteni.
Jako ochrana proti vlivu poZdru na ztratu tnosnosti, resp. odstielova-
ni betonu kryci vrstvy horni klenby, jsou v dopravnich tunelech do
betonu pridédna PP vldkna (1 kg vlaken na 1 m3 s délkou vidkna 6 mm
a prumérem 0,018 mm). Toto mnoZstvi bylo provéfeno poZdrni
zkouskou viz kap. 6.

Tloustka definitivniho osténi se v ruznych prufezech pohybuje od
400 do 600 mm. Jako vyztuZe je vyuZito ocelovych svafovanych siti
KARI doplnénych prilozkami z oceli 10 505-R podle vysledku static-
kych vypoctu. Kryti vyztuZe betonem je uvaZovéno u obou lict osté-
ni 50 mm.

Varianty feSeni osténi

Vyjime¢nosti tunelového komplexu Blanka je kromé jeho rozsahu
i mnoZstvi pouZitych tuneldfskych technologii a postupu. Z hlediska
definitivniho osténi zde bylo vyuZito hned nékolika v soucasnosti
vyuzivanych variant definitivnich osténi konvenéné realizovanych
tuneld.

V prevédzné mite bylo vyuZito definitivni osténi provadéné do systé-
mového bednéni z monolitického betonu vyztuzeného, slabé vyztuze-
ného, piipadné prostého. Zaroven vsak bylo vyuZito i definitivniho
osténi z betonu stiikaného a z betonu vodonepropustného.

Definitivni osténi z monolitického betonu

Tento v CR ustdleny typ definitivniho osténi dopravnich tunelii byl
vyuZit v pfevazném rozsahu razenych tunelt. Jako Zelezobeton tiidy
C30/37-XC1 se splnénym minimdlnim stupném vyztuZeni byl vyuzZit
pro viechny spodni klenby a vnitini konstrukce (stény, pruvlaky,
mostovka apod.) (obr. 7). Bo¢ni betonové bloky z betonu tiidy
C20/25-XC1 byly vidy vyztuZzeny pouze konstrukéné a byly s ohle-
dem na svou mohutnost provadény z betonu se snizenym vyvinem
hydratacniho tepla spolu s moznosti dosazeni normové pevnosti azZ po
90 dnech.

V rozsahu celych dvoupruhovych tunela (vyjma kiiZenf a SOS vykle-
ni1) je horni klenba provedena z tzv. slabé vyztuzeného betonu (v soula-
du s CSN EN 1992 ¢l. 12) (obr. 8). Do tloustky definitivniho osténi byly
zapoCteny nevyuzité tolerance na primarni osténi, ¢imz se dosahlo 500
mm. Vysledné vyztuZen{ predstavuje pouze sit KARI 8x8x100x100 mm
u vnitfnho lice a vyztuzny prihradovy ram 2x2R 14. ProtoZe lichobéz-
nikovy otevieny vyztuzny ram, po osvedCeni na tunelu Mrazovka, byl
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capacity or spalling of concrete cover on the upper vault. This amount
was verified by a fire test, see Chapter 6.

The final lining thickness varies from 400 to 600mm, depending on
the particular cross-section. The reinforcement consists of KARI wel-
ded mesh supplemented by 10 505-R steel strap pieces according to
structural calculations. The concrete cover of 50 mm is assumed for
both surfaces of the lining.

Tunnel lining variants

The exceptional character of the Blanka complex of tunnels lies, in
addition to its extent, in the quantity of the tunnelling techniques and
procedures used. As far as the final lining is concerned, several variants
of final linings currently used in conventionally driven tunnels were
applied.

Final linings cast in-situ behind formwork systems were largely used,
with the concrete reinforced classically, lightly or even unreinforced.
On the other hand, even shotcrete and water-retaining final linings were
used.

Cast-in-situ concrete final linings

This type of final lining, which is traditionally used in the CR in traf-
fic and transportation tunnels, was used in the majority of mined tun-
nels. Reinforced concrete grade C30/37-XC1, meeting requirements for
the minimum reinforcement content, was used for all inverts and inter-
nal structures (walls, beams, road decks etc.) (see Fig. 7) . C20/25-XC1
concrete sidewall blocks were always reinforced only structurally and
were cast, with respect to their massiveness, using reduced heat-of-
hydration concrete, together with the possibility of reaching the stan-
dard strength as late as after 90 days.

The upper vaults of all double-lane tunnels (with the exception of
crossings and emergency recesses) are in lightly reinforced concrete (in
compliance with clause No. 12 of CSN EN 1992 standard) (see Fig. 8).
The design tolerances for the primary lining the possibility of which

Obr. 8 Vyztuz horni klenby dvoupruhovych tuneli ze slabé vyztuzeného betonu
Fig. 8 Reinforcement of the lightly reinforced concrete of the upper vault of
double-lane tunnels
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vyuZit pouze pro ztuZeni vnitiniho lice osténi, resp. montdzni stav,
mohlo dojit ke zvySeni kryci vrstvy hydroizolace na 100 mm. Tento
postup — vypusténi vnéjsi armovaci sit€ a zvySeni kryti vyztuzného
rdmu — zvysil vyznamné ochranu hydroizolace pii pracich na horni
klenbé. Navic vlivem zapodteni nevyuZitych toleranci primarniho osté-
ni do dimenzované tloustky definitivy nedoslo k navyseni ceny osténi.

Horni klenba v rozsahu kompletnich tfipruhovych tunelt je prove-
dena z klasického vyztuZeného osténi u obou licu pomocf sité KARI
8x8x100x100 mm a vyztuznych rdma 2x2JR16, piipadné doplné-
nych prilozkami. Po zapoéteni nevyuZitych toleranci doséhla tloust-
ka osténi 550 mm.

Pro technologické tunely do $itky profilu cca 10 m a osténi Sachet
bylo vyuZzito horni klenby bez zapoctené vyztuze pouze z prostého
betonu. To vyrazné usnadnilo a urychlilo realizaci dila a samozfejme
snizilo riziko poSkozeni hydroizolace a cenu. Presto jsou splnény
pozadavky na $itky trhlin, deformace a trvanlivost. Pii zapoCteni
nevyuzitych toleranci priméru tloustka osténi dosahla 400 mm.

Ve vSech pripadech je horni klenba v dopravnich tunelech prove-
dena z betonu C30/37 XF2 s PP vldkny a v technologickych tunelech
z betonu C30/37 XC1.

Definitivni osténi ze stfikaného betonu

Puvodnim predpokladem zadévaci dokumentace bylo provadét ves-
keré osténi horni klenby propojek z monolitického Zelezobetonu. V
ramci pripravy realizaéni dokumentace v3ak byla v dusledku zapo&te-
ni nevyuzitych toleranci na primarn{ ostén{ vyztuz klenby zcela vypus-
téna a klenby jak pruchozich, tak prijezdnych propojek bylo mo7né
realizovat pouze z prostého betonu. V dusledku poZadavku na urychle-
ni postupu vystavby propojek a uvolnéni jejich profilu pro prujezd sta-
venistni dopravy vsak nakonec bylo na zdkladé pozadavku zhotovitele
vyuZzito na horni klenby vSech raZenych propojek definitivni osténi
z betonu strikaného. Zaroven byla tato technologie vyuzita ve tvaroveé
komplikovanych mistech, kde by bylo neekonomické vyuzitf jednora-
zového atypického bednéni. Jednd se o napojeni vzduchotechnickych
kandll na Sachty pod vydechem Nad Kralovskou oborou a nadvysené
profily tifpruhovych tunelt spolu se svody v misté napojeni vzducho-
technickych kanalt na tunel.

V ramci pripravy stiikaného definitivniho osténi bylo tieba stanovit
a odsouhlasit jeho parametry, a to zejména s ohledem na trvanlivost,
vyztuZeni, postup provadéni a rovinatost povrchu. Pres nékolik pokusu
vyuZit k této technologii i stifkanych hydroizolaci byla na zdkladé pro-
vedenych pokust nakonec ponechéna féliova hydroizolace v¢. systému
injektazné monitorovacich hadic ov§em upraveného pro potreby stiika-
né definitivy. Zdvoj- aZ ztrojndsobeny byly déle prichycovaci body hyd-
roizolace, tzv. ter¢iky. Byl stanoven postup realizace stifkdni technolo-
gii tzv. mokrou cestou, po vrstvach s pomocnou vyztuzi, tvorenou sité-
mi KARI 8x8x100x100 mm (atypické podle délky a sméru presaht)
a samonosnymi otevienymi lichobéZnikovymi vyztuZnymi rdmy
2 2x2JR16. Ve bylo navrzeno tak, aby armatura v osténi neméla vyssi
hustotu nez oka 100x100 mm z divodu umoZznéni prostifkani betonem
a zamezeni tzv. stind. Vlastni stifkani betonu nosné ¢dsti se provéadélo
ve dvou vrstvach s ¢asovym odstupem max. 48 hodin. Pficemz po
nastiiku prvni vrstvy bylo tfeba doarmovat vnitini vyztuznou sit.
Veskerd smykovd vyztuz byla zaji$téna pouze tfminky vyztuZnych
ramu, podle potieby se tak volila vzdélenost rdmu od 500 mm.
Realizace nastiiku byla provadéna vzdy na celou délku propojky, cca
18 m, najednou (obr. 9). Pouzity stifkany beton obou vrstev byl SB30
(C25/30) s pouzitou frakci kameniva 0-8 mm. Po zatvrdnuti druhé
nosné vrstvy stitkaného betonu nasledovala aplikace posledni tzv. findl-
ni pohledové vrstvy osténi, kterd nebyla zapoCtena do dnosnosti prire-
zu. Jeji tloustka Cinila 30-50 mm a byla provedena z betonu SB20
(C16/20) s frakci kameniva 0-4 mm. Vrstva byla aplikovdna na bdzi
torkretové omitky s omezenym obsahem urychlovacu.

Rovinatost vnitfniho lice byla stanovena pomérem vzdélenosti
k vysce sousednich nerovnosti maximélné 1:20. Tolerance na vnitfni
lic osténi byla max. 50 mm (pro polohu, pfi splnéni kritérii rovina-
tosti). Tloustka osténi nesmela klesnout pod poZadovanou dimenzi,
kterd bez findlni vrstvy Cinila u propojek 400 mm.

Definitivni osténi z vodonepropustného betonu

VyuZiti vodonepropustnych betont pro trvalé konstrukce tuneld je
vyznamné se rozvijejici trend poslednich let v celém svété. Proto jiz
v dokumentaci pro zaddni stavby projektant s jejich aplikaci pocital,
nakonec se vSak tuto technologii s budoucim spravcem TSK hl. m.
Prahy podafilo projednat pouze u tuneli hloubenych tzv. modifiko-
vanou mildnskou metodou. Od doby zpracovani zadani v§ak uplynu-
lo n€kolik let a zkuSenosti, zejména pak ze sousedniho Rakouska,

KARI 8/100x100

LEGENDA / LEGEND 1 1.vrstva SB 30 - 15! SC 30 shotcrete layer
2 2. vrstva SB 30 - 24 SC 30 shotcrete layer

3 findlni vrstva SB 20 — Final SC 20 shotcrete layer

o1

Obr. 9 a) horni klenba propojky ze strikaného betonu; b) ni strik
beton na izolaci; c) vyztuZeni definitivniho osténi ze strikaného betonu
Fig. 9 a) shotcrete upper vault of a cross passage; b) application of shotcrete

to waterproofing layers; c) reinforcement of final lining shotcrete

had not been used were counted in the thickness of the final lining.
Owing to this approach, the lining thickness reached a mere 500mm.
The resultant reinforcement consists only of KARI 8x8x100x100mm
installed on the inner surface and reinforcing lattice girders 2x2JR14.
Because of this fact, trapezoidal, open lattice girders were, after the
well-proven application to the Mrdzovka tunnel, used only for reinfor-
cing the inner surface of the lining, or for the assembly state; the thick-
ness of concrete cover on the waterproofing membrane was permitted
to grow to 100mm. This procedure — the omitting of the outer reinfor-
cing mesh and increasing of the lattice girder concrete cover — signifi-
cantly increased the protection of the waterproofing membrane during
the work on the upper vault. In addition, the lining cost was not incre-
ased owing to the counting of the unconsumed primary lining toleran-
ces in the final lining thickness calculation.

The upper vaults of all triple-lane tunnels are in concrete classically
reinforced at both surfaces with KARI 8x8x100x100 mm mesh and
reinforcing lattice girders 2x2JR16, supplemented by strap pieces if
necessary. After counting the unconsumed tolerances, the lining thick-
ness reached 550 mm.

Unreinforced concrete upper vaults were used for service tunnels
with the width of up to 10m. This measure significantly facilitated and
accelerated the construction work and, of course, reduced both the risk
of damaging the waterproofing membrane and the construction cost.
Despite this fact, the requirements for the width of cracks, deformati-
ons and durability are met. When the unconsumed tolerances of the pri-
mary lining were counted in, the lining thickness reached 400mm.

In all of the cases, the upper vault in traffic and transportation tunne-
Is is in C30/37 XF2-grade concrete containing PP fibres, while C30/37
XC1 concrete is used in service tunnels.

Shotcrete final lining

The original assumption of tender documents was that all upper
vaults in cross passages would be in cast-in-situ reinforced concrete.
However, the reinforcement of the vaults was completely omitted
during the course of the preparation of the detailed design as a result of
the counting of tolerances unconsumed for the primary lining in the cal-
culation, and it was possible to design vaults of cross passages, both
pedestrian and vehicular, in cast-in-situ unreinforced concrete. Because
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LEGENDA / LEGEND 6

1 SEPARACNI FOLIE - SEPARATION MEMBRANE
2 PRIMER - PRIMARY LINING
3 INJ. HADICE AQUAFIN CJ2 (19 MM dia) - AQUAFIN CJ2 GROUTING HOSE
4 VNITRNI PRICNY SPAROVY PAS PVC P 32
INNER TRANSVERSE PVC P 32 WATERSTOP
6 BENTONITOVY PASEK 20/30 mm — BENTONITE GASKET 20/30 mm
7 PRACOVNI SPARA — CONSTRUCTION JOINT

Obr. 10 Detail pracovni spdry mezi betondznimi sekcemi u klenby provdadené
z vodonepropustného betonu

Fig. 10 Detail of construction joint between casting sections applied to the
water retaining concrete vault

povzbudily snahu projektanta a zhotovitele na jejich vyuziti. Po vice
neZ roéni priprave, ziskavani zkusenosti a projednavani se zastupci
TSK se podarilo odsouhlasit vyuZiti vodonepropustnych betont defi-
nitivniho osténi alespon na vzduchotechnickém kandle a Sachté pod
vydechovym objektem Nad Octarnou, kde byly nakonec
i realizovany.

Prijeti této zmény ve svém dusledku nemélo za cil sniZit cenu dila,
ale predev§im omezit riziko poskozeni hydroizola¢niho systému
v prub¢hu vystavby a omezit tak potiebu budoucich dotésnovacich
injektdZi nutnych k preddni suchého dila. Zdkladni logickd tivaha byla
,Vyuzivany beton definitivniho osténi tfidy C30/37 je uz sim o sobé
dostate¢né vodotésny, tj. omezme §iiku trhlin, tim redukujeme prusa-
ky pouze na pracovni a dilataini spéry, kde existuji efektivni zptisoby
jejich eliminace*.

Vysledny ndvrh tak obsahoval kromé dalsich nasledujici parametry
feSent:

— Predpokladand maximdlni vyska hladiny podzemni vody nad

klenbou 20 m. 5

— Zatriden{ konstrukce podle TP CBS 02 — Bilé vany — (Konl, A1,
W4).

— Tloustka osténi 500 mm kanal, 400 mm Sachta.

— Beton osténi tifdy C30/37 XA2 s povolenym prusakem do
40 mm a s PP vldkny (1 kg/m3).

— Maximadlni povolend Sitka trhlin v betonu nesmi presiahnout
0,25 mm (v podéIném i pricném sméru).

— Minimdln{ kryt{ vyztuze 50 mm, s nutnosti velmi presného ulo-
Zeni.

— Maximdln{ vzddlenost vloZek vyztuze 100 mm u obou lict
z divodu rovnomérného rozd€leni piipadnych trhlin.

— Mezi primdrni a sekunddrni osténi musi byt vloZzena separa¢ni
vrstva (geotextilie s nakaSirovanou PE f6lii — [zolnetex 3.100)
pro umoznéni prokluzu betonu od objemovych zmén.

— Maximaln{ tolerance na polohu vnitrniho lice primdrniho osténi
je 100 mm (tloustka definitivniho osténi nesmi byt tlustsi o vice
nez 100 mm), pomér vzdalenosti k vysce sousednich nerovnosti
primdru nejvice v poméru 1:8.

— Teplota uklddaného Cerstvého betonu se musi pohybovat mezi
10-27 °C. Absolutni teplota betonu nesmi presdhnout +70 °C
a gradient mezi povrchem a stfedem konstrukce musi byt
do 20 °C.

Pro zajisténi vSech spér v betonové konstrukci proti prusakam bylo
navrzeno trojnasobné jisténi (obr. 10). Smérem od primaru je uloZena
injektdzni hadicka AQUAFIN CJ2 @19 mm pro moznost dotésnova-
ci injektdZze pomoci nizkovisk6zni polyuretanové pryskyrice
Mediatan 705. Ddle vnitini tésnici sparovy pas z PVC — P V-32
a nakonec bobtnavy bentonitovy pasek AQUAFIN CJ3 (20x30 mm).

5 PREDPOKLADY NAVRHU OSTENI RAZENYCH TUNELU

Oproti zaddvaci dokumentaci bylo pii tvorbé dokumentace reali-
za¢ni postupovano jiz podle platnych CSN Eurocode, a to 1990-1992
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of a requirement for the acceleration of the work on cross passages and
opening them to the passage of construction-purpose traffic, sprayed
concrete upper vaults of the final lining were eventually carried out in
all mined cross passages, in compliance with the contractor’s require-
ment. At the same time this technology was applied to complicated
shape locations, where the use of atypical non-recurring formwork
would have been uneconomic, namely the connections of ventilation
ducts to the shafts under the exhaust structure in Nad Kralovskou
Oborou Street and the enlarged-height profiles of triple-lane tunnels
together with exhaust ducts connecting the traffic and transportation
tunnels to ventilation tunnels.

It was necessary within the framework of the preparation of the final
lining to determine and get approved its parameters, first of all with res-
pect to the durability, reinforcement content, work procedure and irre-
gularity of the surface. Despite several attempts even to use a sprayed-
on waterproofing system together with the above-mentioned technolo-
gy, the plastic waterproofing membrane, including the system of grou-
ting/monitoring hoses, which was of course modified for the needs of
the application of the sprayed final lining, eventually remained. The
number of membrane fixation blanks was doubled or tripled. It was
necessary within the framework of the preparation of the final lining to
determine and get approved its parameters, first of all with respect to
the durability, reinforcement content, work procedure and irregularity
of the surface. Despite several attempts even to use a sprayed-on
waterproofing system together with the above-mentioned technology,
the plastic waterproofing membrane, including the system of grou-
ting/monitoring hoses, which was of course modified for the needs of
the application of the sprayed final lining, eventually remained. The
number of membrane fixation blanks was doubled or tripled. The wet
process shotcreting in layers procedure was determined, with auxiliary
reinforcement consisting of KARI mesh 8x8x100x100 mm (atypical,
depending on the length and direction of overlaps) and 2x2@R16 self-
supporting open trapezoidal lattice girders. The design was carried out
in a way guaranteeing that the density of the reinforcement in the lining
was not higher than the 100x100 mm meshes so that concrete could be
sprayed through and the so-called shadowing was prevented. The load-
carrying part of concrete was sprayed in two layers, with the maximum
time lag of 48 hours. The inner reinforcing mesh was added after the
completion of the first shotcrete layer. All shear reinforcement was
fixed only with stirrups of the lattice girders. The spacing of the girders
was chosen as needed be, up from 500 mm.

Shotcrete was applied in one go throughout the cross passage length
of about 18 m (see Fig. 9). SB30 (C25/30) shotcrete with 0-8 mm
aggregate fraction was used for both layers. The application of the last,
final visible layer followed after the second load-carrying shotcrete
layer hardening was over. This layer was not incorporated into the cal-
culation of the load-carrying capacity of the cross-section. It was 30-
50 mm thick and concrete grade SB20 (SC16/20) with 0-4 mm aggre-
gates was used. The layer was applied on the basis of sprayed plaster
with a reduced content of accelerator.

The flatness of the internal surface was determined by the proporti-
on of the distance between neighbouring irregularities to their height,
with the permitted maximum of 1:20. The maximum tolerance for the
inner face was 50mm (for the positions where the flatness criteria were
met). The lining thickness without the final layer was not permitted to
decrease under the required dimension, which was set at 400mm for
Cross passages..

Final water retaining concrete lining

The use of water retaining concretes for permanent structures of tun-
nels has become a worldwide significantly developing trend in recent
years. For that reason the designer allowed for their application already
in the tender documents. Nevertheless, this technology was eventually
agreed by the future administrator (the Technical Administration of
Roads and Pavements of the Capital City Prague, hereinafter abbrevia-
ted to TSK) only for cover-and-cut tunnels, using the so-called
Modified Milan Method. Several years have passed since the comple-
tion of the tender documents and the experience first of all from Austria
encouraged the designer and the contractor to further promote water
retaining concrete application. After over a year lasting period of pre-
paration, gathering of experience and discussions with the TSK, the use
of water retaining concrete for final linings was approved at least for the
ventilation duct and the shaft under the exhaust structure in Nad
Octérnou Street, where it was eventually applied.
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a 1997. Dalsim dulezitym predpokladem bylo uvaZovéni Zivotnosti
dila minimdlné 100 let, tfidy agresivity okolniho prostredi XA1-XA2
a pozdrni odolnost REI 180. Pozadavky na konstrukce tunela byly jiz
v zaddni popsdny, s uvazovanim specifickych podminek v prazském
prostiedi, do samostatné &asti nazvané — ,,Technické specifikace*
a rozd€lené podle jednotlivych stavebnich ¢4sti podle vzoru TP pro
RSD CR.

Vnitin{ sily a deformace ostén{ byly po¢itiny pomoci numerickych
modeli metodou kone¢nych prvka s uvazovdnim viech redlnych zati-
Zeni. Jednd se predevsim o tato zatiZeni, resp. jejich kombinace:

— vlastni tiha,

— zatiZeni od horninového tlaku,

— hydrostaticky tlak podzemni vody (véetné natlakovéni pri dlou-
hotrvajicich destich — plati pro tsek Letnd+Brusnice, resp. pri
povodni — plati pro dsek pod Vltavou a Stromovkou),

— smrsténi a dotvarovani betonu osténi,

— klimatické zatiZeni (ochlazeni/otepleni),

— technologicka zatiZeni, atd.

U razenych tunelt dochézi k vyraznému spoluptsobeni vlastni kon-
strukce osténi s okolnim horninovym prostiedim. VSechny okolni
materidly (skalni/zemni) byly zavedeny do vypocetniho modelu
pomoci svych geotechnickych a statickych parametri. Konstrukce
definitivniho osténi pusobi v pri¢ném sméru jako dvé klenby (spodnf,
horni) vetknuté do bo&nich bloku, kvali klenbovému efektu jsou
vyrazné namahdny tlakovou normdlovou silou.

Vhodné zvolenym tvarem osteéni (bliZicim se kruhu) a jeho dimen-
zemi jiz od prvotnich ndvrhi nebylo nutné do statického schématu
zakomponovat mostovku, tak jako tomu bylo napf. u tunelu
Mrdzovka. Naopak obdobné jako u tunelu Mrazovka bylo uvazovéno
s degradaci do¢asného primdrniho osténi a s prechodem veskerého
zat{Zeni v Case na osténi definitivni. V matematickém modelu defini-
tivniho osténi byly samoziejmé zachyceny i zmény napjatosti
v masivu vlivem postupného pobirdn{ v etapé razeb (Eleneni Celby),
nebo skutend vazba mezi primarnim a sekundarnim osténim dand
separaci pomoci hydroizolacniho souvrstvi. Za timto tcelem byla do
modelu zavedena ortotropni vrstva, jejiz elastické a pevnostni vlast-
nosti jsou takové, Ze neni schopna piendSet smyk a tah a nepusobi
jako tlumi¢ kontaktnich tlakovych sil pusobicich na styku priméru
(neporuseného i degradovaného) a sekundéru.

Statické vypocty byly provedeny jednak v typickych profilech co
do tvaru, zatizeni a geotechnickych podminek, jako rovinné udlohy
a dédle v mistech dispoziéné komplikovanych profilt (kfiZenf tuneld,
SOS vyklenky, napojeni podzemnich objektu a Sachet, zmény profilu,
misto pozarni odvétrdvaci Stérbiny) jako 3D dlohy (obr. 11).
Posouzeny byly kromé mezni inosnosti rovnéZ deformace konstruk-
ce tunelu a predevsim pak Sitky trhlin v betonu. Maximdlni pfipustné
trhliny v osténi byly stanoveny na 0,4 mm u konstrukci nevystave-
nych vnéj§imu prostredi ani prostredi komunikace v tunelu, jinak byla
pripustnd §ika trhlin stanovena na 0,3 mm.

Pri ndvrhu vyztuZe bylo pocitino s hodnotou ndhodné excentricity
vyztuZe v betonu 20 mm. PouZiti novych norem oproti zadéni vedlo

Obr. 12 Vzorek osténi po poZdrni zkousce (povrch bez odpryskii je s PP vldkny)
Fig. 12 Sample of lining after the fire test (surface without scales contains PP
fibres)

Obr. 11 Napojeni TGC4 a propojky TP13 na tiipruhovy tunel
Fig. 11 Connection of TGC4 services centre and TPI13 cross passage to the
triple-lane tunnel

The objective of the adoption of this change was not to reduce the
construction cost. The main objective was to reduce the risk of dama-
ging the waterproofing system during the construction, thus to diminish
the need for the application of grouting to improve the sealing capacity
required for the final handover of dry structures to the client. The basic
logical consideration was “the water retaining capacity of C30/37-
grade concrete used for final linings itself is sufficient; let us therefore
restrict the width of cracks, thus restricting leaks only to construction
and expansion joints, for which effective elimination methods are ava-
ilable”.
The final proposal therefore contained, apart from other solution
parameters, the following ones:
— Assumed maximum height of water table over the vault crown of
20 m

— Categorisation of the structure according to TP CBS 02 — White
Tanks — (Konl, A1, W4)

— Lining thickness of 500 mm for a duct and 400 mm for a shaft

— C30/37 XA2-grade, PP fibres containing concrete(1 kg/m3) for
the lining, with the permitted penetration depth of up to 40 mm

— Maximum allowable width of cracks in concrete must not exceed
0.25 mm (both longitudinally and transversally)

— Minimum concrete cover of 50 mm, with the necessity for very

accurate placement

— Maximum spacing of reinforcing rods of 100 mm at both surfaces,

ensuring uniform distribution of contingent cracks

— A separation layer (geotextile with a PP membrane — Izolnetex

3.100 — glued to it) must be inserted between the primary and
secondary liners so that the slippage of concrete due to volumetric
changes is possible

— Maximum tolerance prescribed for the position of the primary

lining inner surface is 100 mm (the final lining thickness must not
be exceeded by more than 100 mm), the maximum proportion of

Obr. 13 MontdZ formy definitivniho osténi v jamé Troja
Fig. 13 Assembly of final lining formwork in Troja construction pit




Obr. 14 Napojeni kandlu 03 na severni tiipruhovy tunel
Fig. 14 Connection of duct 03 to northern triple-lane tunnel

ke zvySeni zatizen{, av§ak vyuzitim slabé vyztuZenych nebo prostych
monolitickych konstrukci k vyslednému ndrastu nedoslo.

Vlastni vypocet probéhl s uvaZovanim dvou extrémnich piipadt
namdahan{ konstrukce reflektujici geotechnické parametry horninové-
ho prostiedi zavddéné do vypoctu. Jednalo se o tyto zatéZovaci kom-
binace:

— Obdlka maximdlnich vnitfnich sil pro dimenzovéni podle ndvr-
hovych hodnot zatiZeni — mezn{ stav Gnosnosti. S ohledem na
vypocet vnitinich sil na plosném numerickém modelu s uva-
Zovéanim geologického prostiedi byl zvazovan pouze jeden sou-
Cinitel zatizeni s hodnotou 1,35, ktery se aplikoval az na spocte-
né hodnoty vnitinich sil, a to pfed posouzenim prufezu. Veskeré
zatiZeni se nezadéavalo jako vnéjsi sily, ale bylo pouZito prostre-
di spolupusobici s nosnou konstrukei, klasické soucinitele tedy
neslo zavést. Soucinitelé materidlu (beton, ocel) se pouZily pri
posuzovdni standardné.

— Obédlka pro mezni stav pouZitelnosti — ovéreni deformaci
(prahyby a pootodeni), ovéfeni maximéln{ pripustné §ifky trh-
lin. Pouzily se pfimo vysledky z numerického modelu (souc.
zatiz. 1).

6 ZKOUSKA POZARNI ODOLNOSTI KONSTRUKCE
DEFINITIVNIHO OSTENI

Jednim z rozhodujicich kritérif pro ndvrh horni klenby definitivni-
ho osténi dopravnich tunelt a nésledné sloZeni betonové smési je
pozadovand poZéarni odolnost. Pozdrni predpisy stanovuji pozadavek
na zajistén{ dnosnosti osténi tunelu minimalné po dobu 180 minut.
Aby konstrukce mohla po tuto dobu plnit svou nosnou funkei, je pre-
devsim treba zajistit vyztuz proti nahrati pres kritickou teplotu, kdy
vyrazné ubyvd pevnost. Pfi navrzeném kryti vyztuze betonem
u vnitintho lice 50 mm tak nesmi dojit k odpadnuti této kryci vrstvy,
jinak by doslo ke skokové ztrate tinosnosti vyztuze, a tim i ke kolap-
su osteni.

V etapé zpracovani zaddvaci dokumentace existovalo pét zdklad-
nich variant feSeni ochrany:

— beton bez vyztuze,

— zvySené kryti vyztuZe u vnitiniho lice,

— protipozarni obklad,

— protipozarni nstfik lice betonu,

— pridéni PP vldken do betonu osteéni.

Z ekonomickych davodu bylo pro tunely vyuZito varianty s PP
vlakny, nebot’u vSech ostatnich by doslo k nutnosti zvétSeni vyrubni-
ho profilu. Na zdkladé vysledku zahrani¢nich zkousek a testa byly
navrzeny 2 kg/m?3 vldken délky 6 mm a s priimérem 0,018 mm, nebot’
tato nejlépe zabranuji vzniku tzv. odprysku. Princip vyuziti PP vldken
spociva v nizké hodnote teploty, za které se odpari (cca 100-200 °C).
Tim se v betonu uvolni prostor pro vodu obsazenou v pérech, kterd
vlivem ohfédti a premény na vodni paru zvétSuje svuj objem, a tim
zapri¢inuje odprysk betonu. PP vldkna navic brani vzniku trhlin, kdyZ
napomdhaji pfendseni napéti v betonu od pocate¢niho smritovani.

Naopak obsah vliken v betonové smési vede Casto ke vzniku
nekvalitniho povrchu betonu u bednéného lice. Vady povrchu vznika-
ji vlivem uvolnéné zdmésové vody z vazby na PP vldkna u bednéni
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the distance between neighbouring irregularities and their height
is 1:8 for the primary lining.

— Temperature of fresh concrete being placed must vary between
10-27°C. The absolute temperature of concrete must not exceed
+70°C and the temperature gradient between the surface and the
structure centre must not exceed 20°C.

A triple-safety system was designed for the protection of all joints in
concrete structures against seepage (see Fig. 10). Viewed in the directi-
on from the primary lining, there is an AQUAFIN CJ2 &19mm grou-
ting hose placed, allowing additional injection of sealing grout — low
viscosity polyurethane resin Mediatan 705, an inner PVC-P V-32
waterstop and, finally, a hydrophobic bentonite gasket (20x30mm).

5 MINED TUNNEL LINING DESIGN ASSUMPTIONS

In contrast with the tender documents, the detailed design was carri-
ed out in compliance with requirements of applicable Eurocodes, name-
ly Eurocodes 1990-92 and 1977. Other important assumptions were the
consideration of the minimum structure design life of 100 years, the
XA1-XA2 exposure rate of the surrounding environment and REI 180
fire resistance. The requirements for tunnel structures were described
already in the tender documents, taking into consideration the specific
conditions existing in the Prague environment, in a separate part named
“Technical Specifications” and were divided according to individual
construction parts following an example - the Technical Specifications
issued by the Roads and Motorways Directorate of the CR.

Internal forces and deformations of the lining were calculated by
means of numerical models using the Finite Element Method, with all
realistic loading cases taken into consideration. The following loads
and their combinations were analysed first of all:

— dead weight

— ground pressure

— hydrostatic pressure of groundwater (including increased pressu-

res during long-lasting rains — applicable to the Letnd - Brusnice
section - or during a flood — applicable to the section under the
Vltava River and under the Stromovka Park)

— shrinkage and creep of the lining concrete

— climatic loads (cooling down / heating up)

— loads induced by equipment, etc.

Significant composite action of the lining structure itself and the sur-
rounding ground environment develops in the mined tunnels. All sur-
rounding materials (rock/soil) were introduced into the calculation
model by means of their geotechnical and static parameters. The final
lining structure acts in the transverse direction as a pair of opposite
vaults (upper and bottom) fixed one into the other. Owing to the vault
action they are significantly loaded by normal pressure forces. Owing
to the properly selected geometry of the cross-section (nearly circular)
and its dimensions, it had not been necessary since initial proposals to
integrate the road deck into the structural diagram in a way similar, for
example, to the Mrazovka tunnel. On the contrary, the deterioration of
the primary (temporary) lining and the transfer of all loads with time to
the definite lining were taken into consideration, similarly to the
Mrazovka tunnel design. Of course, even the changes in the state of
stress in ground mass due to gradual excavation performed at the exca-
vation stage (the excavation sequence) or the actual bond between the
primary and secondary liners following from the separation by the
waterproofing system layers were covered by the mathematical model
of the final lining. It was the purpose why an orthotropic layer the elas-
tic and strength-related properties of which cause that it is not capable
of transferring shearing and tensile stresses and does not act as an
absorber of contact pressure forces acting at the contact between the
primary liner (both undisturbed and deteriorated) and the secondary
liner was introduced into the calculation.

Structural analyses were carried out either as 2D problems in profi-
les typical as far as the geometry, loading and geotechnical conditions
are concerned, or as 3D problems (see Fig. 11) in profiles with compli-
cated layouts (tunnel intersections, emergency recesses, connections of
underground structures and shafts, changes in cross-sections, locations
of fire ventilation slots). Apart from the ultimate bearing capacity, the
analyses also solved deformations of the tunnel structure and, first of
all, the width of concrete cracks. The maximum permitted width of
cracks in the lining was set at 0.4mm for structures unexposed either to
the external environment or the tunnel environment with traffic; the
permitted width of cracks in other structures was set at 0.3 mm.
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LEGENDA / LEGEND:

1 Sachta 09 pfivod/odvod - Shaft 09 supply/exhaust

2 Sachta 10 pivod/odvod - Shaft 10 supply/exhaust

3 Kanal 07 pfivod/odvod - Duct 07 supply/exhaust

4 Kanal 08 pfivod/odvod - Duct 08 supply/exhaust

5 Strojovna vzduchotechniky - Ventilation plant cavern
6 Kanal 03 privod — Duct 03 air supply

7 Kanal 04 odvod - Duct 04 exhaust

8 Technologické centrum TGC 4
Services and equipment centre TGC 4

9 Propojka TP 812 - Cross passage TP 812
10 Propojka TP 813 - Cross passage TP 813
11 Severni tunel — Northern tunnel tube

12 Jizni tunel - Southern tunnel tube

Obr. 15 Schéma podzemniho razeného technologického uzlu pod Letnou se sméry odvétrdani tunelu
Fig. 15 Chart of the underground mined services node under Letnd Plain with ventilation air flow directions

(vibraci) a zobrazuji se jako mapy — vyplaveni jemnych c&dstic
v hladkém lici s hloubkou cca do 5 mm (travertinovy povrch). Tento
nepiiznivy faktor se zvetSuje s délkou vldkna, jejich mnoZstvim,
hladkosti formy a v neposledni radé s klimatickymi podminkami pri
realizaci.

Proto byla pro raZené tunely v rdmci zpracovani realiza¢ni doku-
mentace hleddna moznost sniZeni obsahu PP vldken v betonu, tak aby
byla zajisténa pozadovand pozdrni odolnost, ale zdroven se snizilo
riziko povrchovych vad lice betonu. Po dohodé projektanta a zho-
tovitele byl vyroben vzorek definitivniho osténi (beton C30/37 XF2)
spocivajici v betonové sténé Sitky 2500 mm, vysky 3000 a tloustce
450 mm. Polovina vzorku obsahovala 1 kg/m> PP vldken (Fibruco
délky 6 mm a s primérem 0,018 mm), druhd polovina byla bez vl4-
ken. Ndsledné po vyzrani betonu byla ve zkuSebné PAVUS provede-
na ve svislé poloze zkouska pozarni odolnosti. Teplota v peci byla
regulovana podle tzv. uhlovodikové kfivky hofeni a dosdhla cca 1100
°C. Tato kiivka dosahuje ndro¢néjsiho teplotniho zatiZeni nez v CSN
obsazend krivka ISO, uréend spiSe pro pozemni stavby. Uhlovodikova
kiivka se obvykle pouZivd tam, kde muZe horet (relativné) malé
mnoZstvi benzinu, napf. palivovd nddrz auta, nebo i nakladni vozidlo
bez nebezpecného ndkladu s pozarnim zatizenim do 30 MW. To odpo-
vida predpokladam regulované moZnosti vjezdu do tunelu Blanka
(vozidla do 12 t), kde by dalsi znamé krivky horeni jako napt. RWS,
nebo RABT ZTV byly prehnané naro¢né. Vysledky zkousky potvrdi-
ly dva zdkladn{ predpoklady:

1. Povrch prostého betonu byl narusen nepravidelnymi odprysky

do hloubky az 35 mm.

2. Povrch betonu s PP vldkny zustal celistvy s nepravidelnymi trh-

linami v ploSe.

Na zdkladé vysledkii zkousky, provedené ve spoluprici s prof. Vit-
kem z CVUT a za podpory CIDEAS (Centrum integrovaného navr-
hovéni progresivnich stavebnich konstrukei), byla moZnost realizace
horni klenby definitivniho osténi raZenych tunela s vyuZitim pouze
PP vidken 1 kg/m? jednoznagné potvrzena (obr. 12). Vyztuz horni
klenby je dostate¢né ochrdnéna proti vlivu poZaru v tunelu.

7 REALIZACE STAVBY

Provddéni definitivnfho osténi raZenych tuneli pifmo souvisi
s dokon&enim osténi primdrniho. Po zhotoveni izolace spodni klen-
by prichézela (u dopravnich tunell) v postupnych krocich betonaz
spodni klenby, bo¢nich bloku, podparnych stén a mostovky. Dile
ndsledovalo uloZeni izolace a betondZ horni klenby. Dokonceni

The value of random eccentricity of reinforcement in concrete of
20 mm was assumed in the reinforcement design. The application of
standards new in comparison with the tender documents resulted in inc-
reased loads. Nevertheless, no resultant increase took place owing to
the use of slightly reinforced or unreinforced cast-in-situ concrete struc-
tures.

The calculation itself was carried out taking into consideration two
extreme cases of stressing of the structure, reflecting the geotechnical
parameters of the ground environment being introduced into the calcu-
lation. The following loading combinations were dealt with:

— The envelope of internal forces for the calculation of dimensions
according to design values of loads — the ultimate limit state; with
respect to the calculation of internal forces carried out on a 2D
numerical model allowing for the geological environment (an
environment interacting with the load-carrying structure is taken
into consideration instead of introducing loads as external forces,
classical coefficients therefore cannot be applied), only one loa-
ding coefficient with the value of 1.35 was considered which is
applied to the values of internal forces obtained by the calculati-
on, before assessing the cross-sections. Material coefficients (for
concrete and steel) were taken into consideration during the
assessment in a standard way.

— The envelope for the limit state of serviceability — the verification
of deformations (deflection and angular rotation), the verification
of maximum permitted width of cracks. Results obtained on the
numerical model were applied (loading coefficient of 1.0).

6 FIRE RESISTANCE TESTING OF FINAL LINING STRUCTURES

One of criterions crucial for designing upper vaults of traffic and
transportation tunnel linings, and subsequently for the concrete mixtu-
re composition, is the required fire resistance. Fire regulations set
a requirement for the tunnel load-carrying capacity to be secured at
least for 180 minutes. If the structure is to be able to fulfil its load-car-
rying function for this time, it is first of all necessary to protect concre-
te reinforcement against heating over a critical temperature, at which
the strength significantly diminishes. The concrete cover layer must not
flake away at the design cover at the inner surface of 50mm, otherwise
a step loss of load-carrying capacity of reinforcement would take place
and the lining would collapse.

Five basic variants of the protection solution existed during the work
on the tender documents:




Obr. 16 Pohled do kandlu 04 a severniho tripruhového tunelu s dokonéenym
definitivnim osténim 1. édsti kandlu

Fig. 16 View down the duct 04 and the northern triple-lane tunnel with the
temporary lining of the 1st part completed

osténi spoéivalo v realizaci vypliiové injektdZze horni klenby.
Soudasti provadécich praci bylo i uloZeni té€snicich prvka pracov-
nich spdr bentonitovymi pasky nebo kiizovymi plechy jako pojistny
systém i v dseku s hydroizolaci.

Na vSech ¢dstech byla snaha rozvinout tzv. proudovou metodu
(betondze po sekcich), u které se predpokladalo, ze bude provddéna az
po kompletnim dokonéeni razeb s primdrnim osténim tunelu.
Mimoradné udélosti pti razbich tunelu pod Stromovkou a u Mini-
sterstva kultury vSak zapfiCinily vyznamné zpozdéni razicich praci
jak na tunelu pod Krélovskou oborou, tak i na tunelu Brusnice, a tim
i potrebu provadét definitivni osténi soubézné s provadénim razeb.
Zéroven bylo nutné nadimenzovat mostovku pro primy pojezd razi¢-
ské mechanizace, coz vedlo k pozadavku na zvyseni tloustky desky
z 300 na 350 mm. Vlastni betondrské price vyuzivaly v podstaté
vSech typu bednéni, od hydraulické pojizdné ocelové formy horni
klenby, pfes systémova bednéni jak s ocelovym, tak i preklizkovym
plastém, a7 po zcela individudlni bednéni atypickych mist.
Postupoviano bylo vZdy podle predem stanoveného klade¢ského planu
sekci. Délky sekci dopravnich tunelu byly cca 12,1 m pro dvoupru-
hovy tunel a cca 10,5 m pro téipruhovy tunel. Do pfi¢nych spar mezi
jednotlivymi sekcemi nebyly vkladany zadné dodatecné prvky jako
polystyren apod.

Omezeny Casovy prostor a snaha co nejvice snizit dopady do har-
monogramu vlivem zpozdéni od mimorfddnych udalosti vedly
k nékolika nestandardnim provoznim opatfenim. V jeden ¢as tak byly
na jednom tubusu tunelu az tfi bednici formy. Navic price bylo vzdy
tfeba organizovat s uvaZenim zachovani prujezdu propojkami pro
zasobovan{ praci provadénych v tubusu pred Celem praci na definiti-
vé. I prichozi propojky bez dokon¢ené horni klenby byly uvazovany
pro prujezd stavenistni dopravy. Prace v portdlovych partiich bylo
tfeba koordinovat s vystavbou hloubenych objektt TGC umisténych
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— unreinforced concrete

— increased thickness of concrete cover at the inner surface

— fireproof cladding

— fire-protective sprayable mortar on the concrete surface

— addition of PP fibres to concrete mix for the lining

For the reasons of economy, the variant comprising PP fibres was
applied because of the fact that all other variants would have required
increased excavated cross-sections. The amount of 2 kg/m? of 6mm
long, 0.018 mm-diameter fibres was designed on the basis of results of
testing abroad and tests. These fibres best prevent the development of
spalling. The principle of the use of PP fibres lies in the low tempera-
ture at which they evaporate (about 100-200°C). As a result, a space is
vacated in concrete for water contained in pores, which increases its
volume owing to their heating and its conversion into vapour, thus cau-
sing the spalling of concrete. In addition, PP fibres positively act aga-
inst the development of cracks. They help to transfer stresses in conc-
rete resulting from initial shrinkage.

Conversely, the amount of fibres in concrete mix often leads to the
origination of poor quality surface of concrete created by the formwork.
Surface defects are caused by mixing water released from the bond with
PP fibres on the contact with formwork (due to vibration) and present
themselves as maps and washout of fine particles on the smooth surfa-
ce up to 5 mm deep (travertine-like surface). This unfavourable effect
increases itself with the length of fibres, their density, smoothness of
formwork and, at last but not least, depending on climatic conditions
during the work.

For that reason a possibility of decreasing the content of PP fibres in
concrete was sought for mined tunnels during the work on the detailed
design so that the required fire resistance was guaranteed and, at the
same time, the risk of concrete surface defects was reduced. A final
lining sample was produced as agreed by the designer and contractor
(C30/37 XF2 concrete grade), in the form of a 2500 mm wide x
3000 mm high x 450 mm thick wall. A half of the sample contained
1 kg/m? of fibres (6mm long, 0.018mm-diameter Fibruco fibres), while
no fibres were in the other half. Subsequently, when the concrete matu-
ring was over, a fire resistance test was conducted in the vertical posi-
tion at the PAVUS testing laboratory. The furnace temperature was
regulated to follow the hydrocarbon fire temperature curve, reaching
1100°C. This curve achieves more demanding thermal loading than the
ISO curve contained in the CSN standard, which is rather intended for
buildings. The hydrocarbon curve is usually applied to structures where
only (relatively) small amount of petrol may burn, e.g. a fuel tank of
a vehicle or even a lorry without dangerous load with the fire load up
to 30 MW. This corresponds to the assumptions for the regulated
possibility of the entry into the Blanka tunnels, where other known fire

Obr. 17 Pretoéend délici pricka v kandlu 04, 2. &dst
Fig. 17 Rotated dividing wall in duct 04, 2nd part
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Obr. 18 Napojeni kandlu 07 na strojovnu VZT bez dokonceného krcku
Fig. 18 Connection of duct 07 to the ventilation plant cavern without the neck
completed

pred raZzenymi portdly, které bylo nutné dokoncit pro montdZz techno-
logie v predstihu pred dokon¢enim raZenych tunelu. Tim také doslo
k nutnosti demontovat bednici vozy horni klenby piimo v tubusu
razeného tunelu. Az 160tunovd forma tak byla demontovédna
v prostoru bez definitivniho osténi, ale i pod jiZ dokonenym defini-
tivnim osténim horni klenby. Pro zavéseni zvedaciho zafizeni bylo
vyuzito bud kotev pfes primarni osténi, nebo pfedem zabudovanych
kotevnich prvka v definitivni klenbé osazenych spolu s vyztuZi.
Navic omezeni vystavbou v navazujicich hloubenych jaméch vedlo
k nutnosti smontovani ¢asti hydraulické formy nad portdlem a jejtho
spusténi vykonnymi jerdby pred razeny portdl, odkud se v kratkém
¢asovém sledu musela forma zasunout do tunelu (obr. 13).

Za samostatnou zminku pak stoji fada zcela atypickym mist
z hlediska nutnosti ¢lenéni postupu vystavby a umisténi pracovnich
spar. Ta tvarove nejkomplikovanéj$i mista byla, jak bylo popsano
drive, feSena pouzitim definitivniho osténi ze stiikaného betonu.

Mezi tvarové velmi komplikovand mista Ize zaradit napojeni vzdu-
chotechnického kanélu 03 na tiipruhovy tunel (obr. 14). Tento kandl
s rozpétim klenby cca 9 m, propojujici strojovnu vzduchotechniky
a severni tifpruhovy tunel, je podle provoznich poZadavki napojen na
tunel pod thlem cca 62° misto béznych priblizné 90°. Pfi délce formy
tiipruhového tunelu cca 10,5 m tak nebylo mozné provést zdrodek
napojeni kandlu v jedné sekci horni klenby, jako je tomu obvykle
u propojek. Kladeésky vykres bednéni byl proto upraven tak, aby
umoznoval provadéni horni klenby sekce tifpruhového tunelu s ¢asti
klenby krcku kandlu 03 ve dvou krocich. Ve vzdalenosti cca 0,5 m od
osy krcku byla provedena podélnd pracovni spara klenby kandlu.
Spara je v pricném fezu kolmd na osténi horni klenby krcku.
Z hlediska zatiZeni pri vystavbé byly obé sekce horni klenby samo-
nosné s probihajici podélnou vyztuZi tfipruhového tunelu, z hlediska
vysledného zatiZeni pusobi spole¢né. Spodni konstrukce obou sekci
byly provedeny najednou v jednom betondZznim kroku. Kompli-
kovany tvar pruniku dvou valcovych ploch a poZadavek statika na
provézani vyztuze vedl k nutnosti vyuZiti specidlnich tvarti betonar-
ské vyztuze ve 3D tvar spolu se specidlnimi opatfenimi pro stabilitu
armatury klenby pred instalaci formy.

Zcela samostatny pristup jak k ndvrhu, tak i k realizaci si vyZzado-
val cely podzemni technologicky uzel kolem raZené strojovny vzdu-
chotechniky a podzemniho technologického centra (obr. 15). Vlastni
odvodni vzduchotechnicky kandl 04 je napojen jak na jiZni, tak
i severni tiijpruhovy tunel pomoci svislych odvodnich Sachet umisté-
nych na bocich tunelu, kandl potom podchdzi v t€sné blizkosti pod
spodni klenbou oba tubusy (obr. 16). Vlastni napojeni na tubusy tune-
lu bylo feseno strikanou definitivou, horizontaln{ ¢asti kanalu potom
jiz monoliticky, a to v¢etné Zelezobetonové pricky oddélujici nasdva-
ny vzduch z obou tuneld. Navic se tato pricka tl. 300 mm pred napo-
jenim do strojovny vzduchotechniky ota¢i kolem svého stiedu o 90°
(z vodorovné polohy do svislé) (obr. 17).

Do objektu podzemnf strojovny délky cca 121,5 m je napojeno cel-
kem pét technologickych tuneld; kandl 03 z jizntho ¢ela, podzemn{
trafostanice ze severniho Cela, z vychodni strany kandl 04, ze zdpad-
ni strany kandly 07 a 08 napojujici Sachty vydechového objektu Nad
Krilovskou oborou.

curves, e.g. the RWS or RABT ZTV, were exaggeratedly demanding.
The test results confirmed the following two basic assumptions:
1/ unreinforced concrete surface is disturbed by irregular flakes up to
the depth of 35 mm
2/ the integrity of the surface of concrete containing PP fibres rema-
ined uncompromised, only with irregular cracks
The possibility of the application of concrete containing 1 kg/m® of
PP fibres to upper vaults of the final lining of mined tunnels was unam-
biguously confirmed on the basis of results of the test conducted in col-
laboration with Prof. Vitek from the Czech Technical University in
Prague and under auspices of the CIDEAS (the Centre for Integrated
Design of Advanced Structures) (see Fig. 12). The upper vault concre-
te reinforcement is sufficiently protected against the effect of a fire.

7 CONSTRUCTION OPERATIONS

The execution of final linings of mined tunnels is directly related to
the completion of the primary lining. When the installation of the
waterproofing layer on the invert had been finished, the step-by-step
casting of the invert, sidewall blocks, supporting walls and road deck
followed (in traffic and transportation tunnels). Then the waterproofing
system was installed and the upper vault was cast. The completion of
the lining lied in the execution of backgrouting behind the upper vault.
The installation of construction joints sealing elements, i.e. bentonite
gaskets or steel sheet crosses as a safety system was part of the
construction work even in the section provided with the waterproofing
system.

The effort to apply a streamlined system (section-by-section casting)
was made at all sections. It was expected that the operations would
commence only after the total completion of the tunnel excavation pro-
vided with the primary lining support. However, the extraordinary
events which took place during the excavation of the tunnel under the
Stromovka Park and in the vicinity of the Ministry of Trade caused
a significant delay of the excavation under Kralovskd Obora Street and
the Brusnice tunnel. It was therefore necessary to install the final lining
concurrently with the excavation. At the same time it was necessary to
over-engineer the road deck to allow direct passages of mining equip-
ment. This requirement led to the increasing of the deck thickness from
300 to 350 mm. Virtually all formwork types were used for the casting
of concrete, ranging from steel hydraulic travelling forms for the upper
vaults, through forming systems with both steel and plywood skins, up
to fully individual formwork for atypical places. The work on the
blocks always proceeded in compliance with a pre-set casting sequen-
ce. The casting blocks of traffic and transportation tunnels were about
12.1 m and 10.5 m long for the double-lane tunnel and triple-lane tun-
nel, respectively. No additional elements, such as polystyrene etc., were
inserted into joints between individual casting blocks.

The limited space of time and the effort to reduce impacts on the
works schedule due to the delay caused by extraordinary events led to
the adoption of several non-standard operating measures. There were
even three formwork sets simultaneously in one tunnel tube. In additi-
on, the operations had to be organised taking into consideration the
necessity for maintaining vehicular traffic through cross passages ensu-
ring supplies for operations carried out in the tube in advance of the
final lining workplace. Even the pedestrian cross passages without the
upper vault finished were planned for the passage of construction-pur-
pose transportation. It was necessary to coordinate the work in the por-
tal sections with the construction of cut-and-cover structures of the ser-
vice centre located in front of the mined portals, which had to be finis-
hed to allow the assembly of tunnel equipment in advance of the com-
pletion of the mined tunnels. This was also the cause why the traveller
formwork sets for the upper vault had to be dismantled directly inside
the mined tunnel tubes. Up to 160 tonne weighing formwork sets were
dismantled both in spaces not provided with final lining and also under
the already completed final lining of the upper vault. Lifting appliances
were suspended either from anchors passing through the primary lining
or from anchoring elements pre-installed in the final vault liner concur-
rently with the concrete reinforcement. In addition, the restrictions due
to construction work in adjacent construction pits led to the necessity
for assembling parts of the hydraulic formwork above the portal and
lowering it by high-performance cranes in front of the mined portal,
from which place the formwork had to be pushed into the tunnel in
a short time (see Fig. 13).

A number of places completely atypical as far as the necessity for
dividing the construction process and carrying out construction joints is




Obr. 19 Dokonéené definitivni osténi strojovny VZT
Fig. 19 Complete final lining of the ventilation plant cavern

;A

Kazdé napojeni—kréek vzduchotechnického kandlu (Sitka 9,5-11 m)
do boku strojovny se s ohledem na rozméry bednici formy klenby
strojovny (délka 6 m) muselo sloZit ze tfi pracovnich sekci
s probihajici podélnou vyztuzi horni klenby. Horni klenba kréku kand-
10 tak musela byt provddéna ve dvou krocich. Nejdifve se provedla
horni klenba strojovny v plné tloustce 650 mm a zdroven prvni vrst-
va horni klenby kre¢ku kandlu dané sekce tloustky 400-450 mm (obr.
18). Postup spocival v provedeni krajnich sekei kiizeni, nasledné byla
betonovana mezi né sekce stredni. Klenba kréku byla rozdélena pra-
covnimi sparami bez probihajici vyztuZe na tfi samostatné Casti, které
v provizornim (montdZnim) stavu pusobily vZdy jako ,.konzoly“
vetknuté do osténi klenby strojovny. AZ ndsledné byly do vnitintho
lice klenby kréku navrtany spfahovaci trny (v rastru 200x200 mm)
a celd horni klenba kréku zmonolitnéna vbetonovanim vnitiniho
prstence tlouStky 650 mm. Celkova tloustka horni klenby kréku tak
v definitivnim stavu ¢ini 1050—1100 mm. Spodni klenba strojovny
byla provedena po betondznich sekcich délky 6 m, v mistech kiiZen{
s prubéznou podélnou vyztuzi (obr. 19).

Odladit technologicky postup betondZze bylo tfeba i v pfipadé beto-
nédze masivni svislé Celni stény (Sitka 19 m, vyska 17 m) strojovny
tloustky 1,63 m. Po vySce byla betondZ rozdélena na tii etdZe,
v ndvaznosti na pracovni spary prostupujiciho vzduchotechnického
kandlu 03. Vyztuz stény staticky vetknuté po obvode do osténi stro-
jovny byla véjifovité€ rozprostfena u obou lict osténi, v nejvice nama-
hanych oblastech byla pouZita vyztuz az @R32 po 200 mm, coZ vedlo
k celkové hmotnosti vyztuZe této stény 66 t. Z provadécich duvodu
byla podélnd vyztuz zajiStujici spraZeni stény s osténim strojovny
nastavovana pomoci Sroubovych spojek.

Pomérné standardni bylo provadéni definitivniho osténi vétracich
Sachet hloubky cca 36 m, dsticich do vydechového a nasdvaciho
objektu Nad Kralovskou oborou, z monolitického betonu s beto-
ndznimi sekcemi délky 4 m. Na definitivni osténi vSak navazovala
betondz stredni stény oddélujici Cisty privodni a znelistény odvadény
vzduch v Sachté. Délici pricky se na vySku 24 m musely véjifovité
pootocit o 67°, resp. 33°, aby se v hornich ¢4stech Sachet dostaly do
poloh, ve kterych pokracuji v navazujicim objektu. Pricky, zakotvené
do osténi Sachty pomoci navrtanych trnt, byly proto betonovany
v kroku 2 m vzdy s malym pootoenim bednéni v kazdém kroku
(obr. 20). Na kazdy betondzni krok tak pootoceni méfené na vnitinim
lici Sachty Cinilo 438 mm, resp. 167 mm.

8 ZAVER

Pocatkem roku 2012 byly dokonceny veskeré betondze definitiv-
nich osténi razenych tunelu. Nasledné se provedla vystavba vsech
vnitinich konstrukei a natéry. Ze stavebni ¢asti tak v prevazném roz-
sahu tunelu zbyva provést Zivicné vozovky tl. 150 mm a keramicky
obklad boka tunelu vysky 3,25 m. Déle bude provédéna monté? tech-
nologie a provedeny komplexni provozni zkousky tak, aby cely tune-
lovy komplex mohl byt uveden do provozu k 1.5.2014.

Zhotovitelem stavby je METROSTAV a. s., fizenim projektu je
povérena divize 2. VySe popsané konstrukce razenych tunelt jsou pro-
véadéné divizemi 3, 6 a 1. Projektantem stavby je SATRA spol. s . o.

Pii ndvrhu a provddéni definitivniho osténi raZenych tuneld bylo vy-
uzito zkuSenosti z vystavby obdobnych staveb v CR, ale i zkuSenosti ze
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worth separate mentioning. The most complicated of them, which have
been described above, were solved by the use of the shotcrete final
lining. Among the in terms of geometry highly complicated parts which
had to be constructed, there was undoubtedly the connection of venti-
lation duct No. 03 to the tunnel (see Fig. 14). This duct with the vault
span of approximately 9m, interconnecting the ventilation plant cavern
with the northern triple-lane tunnel, is, in compliance with operating
requirements, connected to the tunnel at an angle of about 62 grades
instead of the common approximately 90 grades. It was therefore
impossible at the length of the formwork for the triple-lane tunnel of
about 10.5m to carry out a starter stub of the duct to connect the tunnel
in one section of the top heading, which is commonplace in the case of
cross passages. The formwork placing drawing was therefore modified
so that it made construction of the upper vault of the particular section
of the triple-lane tunnel together with the duct No. 3 starting stub pos-
sible in two steps. A longitudinal construction joint was carried out in
the duct vault at a distance of about 0.5m from the stub axis. In the
cross-section, the joint is perpendicular to the upper vault lining of the
stub. Regarding the loading during the course of the construction, both
sections of the upper vault were self-supporting, with the longitudinal
reinforcement of the triple-lane tunnel uninterrupted; regarding the
resultant loading, the sections act jointly. The lower structures of both
sections were cast concurrently, in one casting step. The complicated
shape of the two cylindrical surfaces intersection curve and
a requirement of the structural engineer for binding the reinforcement
system together led to the necessity for the application of special 3D
shapes of reinforcing bars together with special measures ensuring the
stability of the vault reinforcement before the installation of the form-
work.

The completely independent approach to both the design and the
construction was required for the entire underground node of service
structures around the mined ventilation cavern and the underground
service centre (see Fig. 15). The exhaust ventilation duct 04 itself is also
connected to both the southern triple-lane and northern triple-lane tun-
nels by means of vertical exhaust shafts located on the tunnel sides. The
duct then passes at a close distance under the inverts of both tubes (see
Fig. 16). The connection to the tunnel tubes was solved by the use of
a final shotcrete lining, whilst cast-in-situ concrete was used for the
horizontal parts of the duct, including a reinforced concrete dividing
wall separating the air sucked from the two tunnels. In addition, this
300 mm thick dividing wall is rotated around its centre by 90° (from
a vertical position to horizontal) before connecting to the ventilation
plant cavern (see Fig. 17).

The total of five service tunnels were connected to the 121.5 m long
ventilation plant cavern: duct 03 from the southern face, the underg-
round transformer station from the northern side, duct 04 from the eas-
tern side and ducts 07 and 08, connecting the shafts of the exhaust
structure in Nad Kralovskou Oborou Street, from the western side.

With respect to the sizes of the formwork for the ventilation plant
cavern vault, each connection (neck) of the ventilation duct (9.5 - 11 m
wide) to the cavern side had to be divided into three working sections
with the upper vault reinforcement uninterrupted. The upper vaults of
the duct necks had to be carried out in three steps. The upper vault of
the plant cavern was carried out first, at the full thickness of 650 mm,
concurrently with the first, 400 — 450 mm thick, layer of the upper vault
of the duct necks in the particular section (see Fig. 18). The procedure
lied in the execution of the edge sections of the intersection, with the
central section cast between them subsequently. The neck vault was
divided by construction joints, without reinforcing bars running across
them, into three parts. In the temporary (assembly) state, they always
acted as “cantilevers” keyed into the ventilation plant cavern vault
lining. Holes for interlocking dowels were drilled and dowels were
inserted into the inner surface of the neck vault (in a 200x200 mm grid)
and the entire upper vault of the neck was made monolithic by casting
a 650 mm thick concrete ring between the structures. The total thick-
ness of the upper vault in the definite state amounts to 1050-1100 mm.
The ventilation plant cavern invert was carried out in 6.0 m long cas-
ting sections at the intersection with the continuous longitudinal rein-
forcement (see Fig. 19). The concrete casting technological procedure
had to be de-bugged even in the case of the casting of the massive
1.63 m thick vertical front wall of the cavern (19m wide x 17m high).
The casting operation was divided into three vertical stages with regard
to the construction joints in the ventilation duct 03 penetrating the wall.
The reinforcement of the wall structurally fixed around the circumfe-
rence into the ventilation plant cavern wall was fan-like spread at both
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Obr. 20 a) pohled do vzduchotechnické Sachty s pretocenou délici prickou;
b) model Sachty s délici prickou

Fig. 20 a) View down the ventilation shaft with the rotated dividing wall;
b) model of the shaft with the dividing wall

zahraniéi. Spolupraci zhotovitele a projektanta se podafilo ve zcela
novych podminkéch v CR odzkouset technologie definitivniho ostén{
doposud vyuzité pro trvalé konstrukce ve velmi omezeném rozsahu.
Slabé vyztuZeny beton, prosty beton, vodonepropustny beton
a stiikany beton definitivniho osténi by pro své specifické vlastnosti
nemél byt opomijen, pouze tak umozni provadét nové ceské tunely
efektivnéji, kvalitnéji a uZivatelsky komfortnéji. Jediné kvalita
a primérend cena povede k pozitivnéj§imu pfistupu investoru
a verejnosti k tunelovym stavbam.

PrFi ndvrhu technického FeSeni tunelu byly Ccdstecné vyuZity
vysledky grantového projektu GACR ¢&. 103/2008/1691 a projektu
MSMT ¢&. 1M0579 (Vyzkumné centrum CIDEAS).
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surfaces of the lining. Reinforcing bars up to PR32 spaced at 200 mm
were applied to the most loaded areas. It led to the total weight of 66t
of reinforcement used for this wall. For the reasons of the realisation,
the longitudinal reinforcement securing the composite action of the
wall and the ventilation plant cavern was spliced using threaded coup-
ling sleeves.

The installation of the final lining of the about 36m deep ventilation
shafts ending in exhaust and fresh air intake shafts in Nad Kralovskou
Komorou Street was a relatively standard operation. The shafts are cast-
in-situ concrete structures with the casting blocks 4.0m high. The cas-
ting of the central shaft wall separating fresh air being supplied from
polluted air being exhausted followed the final lining installation. The
partition walls had to be rotated by 67 degrees and 33 degrees within
the vertical distances of 24m in shafts No. 09 and 10, respectively, so
that their tops got to the positions in which the linking exhaust and int-
ake structures were designed. The partition walls, which were fixed in
the shaft lining by means of tie rods installed in holes drilled into the
lining, were cast in 2m high steps, with a small rotation of the formwork
in each step (see Fig. 20). In each casting step the rotation measured on
the inner surface of the shafts No. 09 and No. 10 amounted to 438mm
and 167mm, respectively.

8 CONCLUSION

All concrete casting work on final linings of mined tunnels was finis-
hed at the beginning of 2012. Subsequently all internal structures and
paint coatings were carried out. This means that of the civils works,
only a 150 mm thick asphalt pavement and ceramic cladding of tunnel
side walls up to the height of 3.25 m remain to be completed in the bulk
of tunnels. In addition, the tunnel equipment is being installed, to be
finished by the comprehensive test so that the entire complex of tunne-
Is can be opened to traffic on 1st May 2014.

The construction contractor is METROSTAV a. s., with its Division
2 authorised to managing the entire project. The tunnel structures desc-
ribed above are carried out by Metrostav divisions 5,6 and 1. The con-
struction designer is SATRA spol. s r. 0.

Experience gathered from the construction of similar structures in the
CR and abroad was used during the work on the design and constructi-
on of final linings of mined tunnels. Owing to their collaboration, the
contractor and the designer managed to try, in absolutely new conditi-
ons in the CR, final lining construction technologies which have been
till now applied to permanent structures only to a very limited extent.
Lightly reinforced concrete, unreinforced concrete and sprayed concre-
te applied to permanent linings should not be neglected for their speci-
fic properties; only then the more effective, higher quality construction
of new tunnels providing higher comfort to users will be possible.
A more positive attitude of project owners and the public toward tunnel
construction can be achieved only through good quality and adequate
costs.

During the designing of the technical solution for the tunnel, results
of the grant project of the GACR (the Czech Science Foundation) No.
103/2008/1961 and the MSMT (the Ministry of Education, Youth and
Sports) project No. IM0579 (the CIDEAS Centre for Integrated Design
of Advanced Structures) were partially used.
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LANSIMETRO - VYSTAVBA TRATOVEHO USEKU KARHUSAARI
LANSIMETRO - DEVELOPMENT OF KARHUSAARI TRACK SECTION

VACLAV PAVLOVSKY, ALES GOTHARD, MARTIN PETRASEK

Prvni polovina raZeb z celkem 14 km dlouhého dseku metra spo-
jujiciho finské Helsinky a Espoo je dokoncena. O ucasti spolec-
nosti Metrostav a. s. na tomto projektu jsme informovali v Cisle
3/2011, kdy se ¢lanek opiral prevazne o zkusenosti z vystavby tro-
jice pristupovych tunell a sezndmil s projektem tratového tseku
LUGE — Karhusaari. V té dobé byla vystavba vlastniho metra tepr-
ve v pocitcich. Na zafatku roku 2013 je vSak vetSina raZeb dseku
LUGE dokoncena a probihaji prace na definitivnich konstrukcich.
Cilem tohoto ¢ldnku je shrnout prubéh dosavadnich praci se zamé-
fenim na metodiku a kvalitativni strdnku vybranych ¢innosti.

Uvodem je vhodné struéné zrekapitulovat zdkladni specifika
projektu jako celku. Projekt Lansimetro — zdpadni metro je nové
dopravni spojeni mezi mésty Helsinky a Espoo s planovanou pre-
pravni kapacitou 100 000 cestujicich za den a pfimo navazuje na
jedinou provozovanou trasu se stavajici délkou 21 km (obr. 1). Po
svém dokonleni bude celd linka metra pIné automatizovand. Nova
trasa je vyprojektovdna v délce 14 km z Ruoholahti v Helsinkdch
do stanice Matinkyld v Espoo vedouci pres ostrov Lauttasaari.
Prodlouzeni metra je v celé délce vedeno pod povrchem dvojici
jednokolejnych tratovych tunelt, které propojuji 7 novych stanic.
Pro zajisténi ventilace podzemi bude vyrazeno 15 vétracich Sachet.
Celd trasa je pro razby rozdélena na 10 tseku, ke kterym bylo
nutné vyrazit 9 pristupovych tuneld o souhrnné délce 3,5 km.
Predpokladany celkovy objem vytéZzené horniny je 3 mil. m3.
Odhadovand vy$e ndklada je 714 mil. eur. Prvni stavebni price
byly zahdjeny na jare 2010 a predpoklddany termin uvedeni nové-
ho useku metra do provozu je na podzim 2015. Nejvétsi infra-
strukturni projekt ve Finsku zastfeSuje spole¢nost Linsimetro Oy.

Tratovy tsek LUGE — Karhusaari (obr. 2) je ve sméru z Helsinek
do Espoo v poradi péty, propojujici sousedni tseky LU7 a LUGP.
Sestavé z razeb celkem 2437 m tratovych tunelt, v béznych profilech
36,2 a 42,1 m2. Dalimi stavebnimi objekty jsou tfi technologické

The first half of the driving of the 14km long metro section
connecting Helsinki and Espoo, Finland, has been finished. We
informed about the participation of Metrostav a. s. in this pro-
ject in TUNEL issue 3/2011. The paper was based on the expe-
rience gained during the construction of three access tunnels
and informed readers about the design for the LUGE -
Karhusaari track section. At that time the construction of the
metro itself was in its beginning stage. Today, at the beginning
of 2013, the majority of underground excavation for LU6E sec-
tion has been finished and the work of the final lining is under-
way. The objective of this paper is to summarise the history of
the work carried out till now, with the focus on the methodolo-
gy and the qualitative aspect of selected activities.

To start with, it is good to briefly recapitulate basic specifics
of the project as a whole. The Linsimetro (the Western Metro)
Project will provide a new transportation link between the citi-
es of Helsinki and Espoo, with the carrying capacity of 100,000
passengers per day; it directly connects to the only operating
metro line with the current length of 21 km (see Fig.1). When
the complete metro line is finished, it will be fully automated.
The new line design comprises a 14 km long track from
Ruoholahti in Helsinki to Matinkyl& station in Espoo, leading
across the island of Lauttasaari. The metro line extension is
located underground throughout its length, leading through
a pair of single-track running tunnels, interconnecting 7 new
stations. The underground spaces will be ventilated via 15 ven-
tilation shafts. The entire route is divided in terms of the
underground excavation into 10 sections. It was necessary to
drive 9 access tunnels to these sections at the aggregate length
of 3.5 km. The expected total volume of muck is 3 million m3.
The estimated amount of cost is EUR 714 million. The initial
construction work commenced in spring of 2010; the new

metro section is scheduled
for commissioning in
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Obr. 1 Prehlednd mapa projektu Linsimetro
Fig. 1 Synoptic map of the Linsimetro project

long access tunnel, which
was carried out separately, in
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Obr. 2 Tratbvy iisek LU6-E Karhusaari
Fig. 2 LU6-E Karhusaari track section

komory v profilech od 234 do 383 m? s vyprojektovanymi vertikal-
nimi Sachtami v kazdé z nich a 7 tunelovych propojek. Veskeré razeb-
ni prace jsou provddény z 283 m dlouhého pristupového tunelu, rea-
lizovaného samostatné jingm dodavatelem v predstihu pied vlastnim
tratovym usekem. Tii podobné pristupové tunely razil Metrostav
a. s. na jinych dsecich metra. Trasa tratového tseku LUGE je zCds-
ti vedena pod mofem podél mostu rychlostni komunikace. Ve

sméru déle na zdpad ji kiiZzi a na svém konci podchézi zdklady
administrativniho komplexu spolec¢nosti Nokia.

Obr. 3 RaZeny tratbvy tunel
Fig. 3 Mined running tunnel

advance of the running tunnel excavation, by another contrac-
tor. Metrostav a. s. drove three similar access tunnels for other
metro sections. The LUG6E track section alignment leads partly
under the sea, along an expressway bridge. It crosses the
expressway farther in the west and, at its end, passes under the
foundations of a Nokia administration complex.

The mined parts of the Linsimetro project are typical exam-
ples of the Drill&Blast technique, which is exceptionally sui-
table for Scandinavian geological conditions (see Fig. 3). It is
a cyclic rock breaking technique using explosives, with the tun-
nel face profile excavated in one go and the lengths of indivi-
dual excavation rounds of up to 6 m. The advance core is sta-
bilised by injections of cement grout — the pre-grouting. The
single-shell final lining of the tunnel consists of rock bolts and
reinforced shotcrete.

Ventilation shafts are excavated again using the Drill&Blast
technique, with the service chambers under the shafts excava-
ted in advance, from the running tunnels (see Fig. 4). Drilling
work is carried out from the terrain surface, with the holes dril-
led throughout the future shaft depth. Owing to this system it is
possible to verify the correct position of relatively long drill-
holes (up to 30 m) as far as their directional deviation from the
planned position is concerned by surveying. The tolerance for
the excavation accuracy compared with the design is identical
with that prescribed for running tunnels, i.e. 400 mm. The blas-
ting operations begin with a pilot cut running throughout the
shaft depth and the excavation width is subsequently enlarged
until it reaches the design ground plan dimensions. In both
cases charges are lowered to drillholes and their locations
determine the excavation round length. The shaft is excavated




Obr. 4 Vétraci Sachta s technologickou komorou
Fig. 4 Ventilation shaft with a service chamber

2 Mz

Razené ¢ésti projektu Liansimetro jsou typickou ukdzkou tunelo-
vaci metody Drill&Blast, kterd je mimorddné vhodnd do skandi-
ndvskych geologickych podminek (obr. 3). Jednd se o cyklickou
metodu rozpojovani horniny pomoci trhacich praci, s pobirdnim
Celby v celém profilu a délkou jednotlivych zdbért az 6 m.
Predpoli Celby je v predstihu nékolika z4béra sanovéno cemento-
vymi injektdZemi — pregroutingem. Jednopldstové definitivni oste-
ni tunelu se sklddd ze svornikové vystroje a vyztuzenych strika-
nych betonu.

Razba vétracich Sachet je opét provadéna pomoci trhacich praci,
kdy je technologickd komora pod Sachtou vyraZena v predstihu
z tratovych tunelt (obr. 4). Vrtné prdce jsou poté provddény
z povrchu tak, Ze jsou vyvrty provedeny v celé délce (hloubce)
budouci Sachty. Timto zpisobem Ize geodeticky ovéfit spravnou
polohu relativné dlouhych vyvrti (aZ 30 m) z hlediska jejich smé-
rového odchyleni od planované pozice. Tolerance presnosti vyru-
bu od projektu je stejnd jako v piipadé razeb tratovych tunelq, a to
400 mm. Trhaci prdce jsou provadény tak, Ze je nejprve vyraZen
pilotni zdlom probihajici v celé hloubce Sachty s ndslednym rozsi-
fovanim vyrubu do projektovaného pudorysu. V obou pripadech
jsou ndloZe spoustény do vyvrta a jejich poloha definuje délku
zabéru a Sachta je postupné vyrazena odspodu smerem k povrchu.
Tato metoda znaéné usnadnuje odtéZeni rubaniny, kterd volné pada
do predem pripravené technologické komory.

Technicky nejobtiznéjsi je zejména obtrhani vyrubu s ndslednou
instalaci svornikové vystroje a ndstfikem definitivnich betonu
suchou cestou. Geometrické usporadani neumoznuje vyuZiti speci-
alni mechanizace, a tak je zna¢nd ¢dst t€chto praci provadéna ru¢né
z posuvné pracovni ploSiny (obr. 5).

Trhaci prdace jsou zvldst peclivé sledovdny vzhledem
k povrchové zédstavbé a misty relativné nizkému nadloZi.
Rizikovou analyzou provedenou pred vlastnim zahdjenim trhacich
praci je vymezena oblast dot¢end vystavbou. Pro kazdy objekt je

Obr. 6 Schéma roznétu v komore
Fig. 6 Firing pattern for a chamber
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Obr. 5 Pracovni plosina v Sachté P 3.5
Fig. 5 Work platform in P 3.5 shaft

step-by-step from the bottom upward. This method significant-
ly facilitates the removal of musk, which freely falls to a pre-
excavated service chamber. The technically most difficult ope-
ration is first of all the scaling with the subsequent installation
of rock bolts and the dry-process application of final shotcrete
lining. The shaft geometry does not allow the use of special
equipment. Significant part of these operations is therefore car-
ried out by hand, from a climbing platform (see Fig. 5).

The blasting operations are especially thoroughly monitored
with respect to existing buildings and the relatively shallow
cover. The area affected by the construction work is determined
before the commencement of blasting operations by a risk ana-
lysis. The permissible seismic load (vibration in mm/s) induced
by blasting operations is determined for each building. These
values are on-line monitored and the results are automatically
placed on the Internet and distributed in the form of SMSs to
the client and construction contractor. Individual buildings of
the Nokia complex are specific in the different systems of their
foundation. The direct connection of several buildings with the
bedrock by pile foundations is most unfavourable in terms of
the easy transfer of vibrations. On the one hand, the structures
of the buildings themselves allow relatively high loading indu-
ced by blasting operations; on the other hand, the sensitive
apparatuses and appliances installed in the basements signifi-
cantly reduce the permissible vibration values. The accuracy of
drilling of production holes, the correct structure of charges
and, first of all, the priming of individual cartridges are there-
fore very important. Even though the geological conditions
allow a long maximum round length as far as the drilling tech-
nology is concerned, it is necessary to approach each excavati-
on face individually and, if necessary, reduce the length of
excavation rounds with respect to the limit charge even under
2 m. Both Emulgit-type cartridged explosives and pumped
emulsion are used for breaking the rock. The use of emulsion
explosives is restricted to cut holes and production holes.
Contour boreholes carried out at 400 mm spacing are charged
with low-energy cartridges so that a smooth excavation contour
is secured and the disturbance to surrounding rock is reduced.
Non-electric firing is used for the initiation of charges (see Fig.
6). Burn cuts with four relieving holes 102 mm in diameter are
used. Common diameters of production drillholes range from
45 to 54 mm. The tolerance set by the design for crack propa-
gation through the environment beyond excavation contour is
+400 mm for tunnel walls and crown and +600 mm for its bot-
tom. The quality of the execution of blasting is assessed not
only by on-line monitoring, but also on the basis of laser scan-
ning of the excavated opening. The output is, apart from a 3D
model of the completed excavation, even a map (see Fig. 7),
clearly showing deviations from the design by means of a scale
of colours. Another benefit of laser scanning is that it reveals
even very small underbreaks, which are virtually undetectable
by common trigonometric profiling.
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stanoveno dovolené zatizen{ seismickymi G¢inky (kmitdni mm/s)
trhacich praci. Tyto hodnoty jsou online monitorovdny a vysledky
jsou automaticky umistovdny na internet a odesilany formou SMS
objednateli a dodavateli staveb. Jednotlivé budovy komplexu
Nokia jsou specifické v rizném zpusobu jejich zaloZeni.
Nejnepriznivejsi z hlediska snadného prenosu vibraci je pfimé spo-
jeni n€kolika objekti se skalnim nadlozim pomoci pilotovych
zékladi. Samotnd konstrukce budov dovoluje relativné vysoké
zatizeni Ucinky trhacich praci, ale citlivé pfistroje a zarizeni umis-
téné v suterénnich prostordch citelné snizuji dovolené hodnoty
kmitdni. Velmi duleZitd je proto presnost odvrtani produk&nich
vrtl, spravna konstrukce ndloze a zejména Casovéni jednotlivych
ndlozek. I kdyZ geologické podminky umoznuji dlouhy maximaln{
z4bér z hlediska technologie vrtani, je nutné ke kazdé ¢elbé pristu-
povat individudlné a v piipad€ potfeby zkracovat zdbéry vzhledem
k mezni ndloZi i na méné nez 2 m. Pro rozpojeni horniny jsou pou-
zivany jak ndlozkované trhaviny typu Emulgit, tak zacerpdvand
emulze. PouZiti emulzni trhaviny je omezeno na zdlom
a produkéni vrty. Pro zajisténi hladkého vyrubu a redukci posko-
zeni okolni horniny jsou obrysové vrty s rozte¢i 400 mm nabijeny
ndlozkami s malou pracovni energii. K pocinu ndloZi je pouzivdno
neelektrickych roznétd (obr. 6). Zdlomy jsou piimé se &tyfmi
odleh&ovacimi vrty praméru 102 mm, béZné prumeéry produk&nich
vrtu jsou v rozsahu 45-54 mm. Projektem stanovend tolerance pro
§ifeni trhlin v zaobrysovém prostfedi je +400 mm na boku
a v kaloté tunelu a +600 mm v jeho dné. Kvalita provadéni trha-
cich praci je mimo online monitoringu seismickych G¢inka vyhod-
nocovdna i na zdklade laserového skenovani vyrubu. Vystupem je
kromé trojrozmérného modelu vyrazenych tuneld i ,,mapa“
(obr. 7), kde je s pomoci barevné skdly jasné viditelna odchylka od
projektu. Piinosem laserového skeneru je také odhaleni i velmi
malych podvylomu, které jsou béZnou trigonometrickou profilac{
prakticky nezjistitelné.

Nezbytnou souldsti razeb je provddéni injektdzi do predpoli
tunelu pre-grouting. Vzhledem k razbé pod hladinou more
s nizkym nadlozim je injektdZz provadéna systematicky bez ohledu
na vysledky zkouSek hltnosti. Ochranné deStniky se injektuji
nejméné ve dvou fazich, Castéji ale s vicendsobnym opakovanim.
Metoda spocivad v odvrtani a ndsledné injektazi prvni sady 25 m
dlouhych vrtd. Po jejich zainjektovani mikrocementovou suspenzi
pfi kone¢ném tlaku 7 MPa nésleduje technologickd prestavka
v délce trvéani 6 hodin. Poté je odvrténa dal$i sada mezilehlych vrta
a opét injektovédna. Po provedeni prvnich dvou sad jsou odvrtiny
nové kontrolni vrty a opét provedena zkouska hltnosti. Pfi nespl-
néni predepsanych pozadavki je nutné cely proces opakovat.
Prumérnd doba od zahdjen{ injektdZ{ do zahdjeni vrtacich pracf pro
razbu nového zaberu je pet pracovnich dni. I pres masivni injekta-
7e dochézi k prasakum podzemnich vod do tunelt. Negativni vliv
maji zejména ndsledné trhaci price, které lze podle projektové
dokumentace zahdjit za 10 h po provedeni injektdzi. V neposledni
fadé je treba prijmout fakt, Ze prizkumné vrty nemaji 100% ové-
fovaci schopnost a nemusi zasdhnout vodonosnou poruchu.

Svorniky pouZzivané jako vystroj vyrubu se déli podle ndsleduji-
cich kategorii:

— svorniky osazované pred zapocetim razeb (zejména pred raz-

bou portdlovych dseku),

— svorniky docasné, prerusujici cyklus razby,

— svorniky trvalé, které jsou soucdsti definitivniho osténi,

— doplnkové svornikova vystroj.

Svorniky preruSujici cyklus razby jsou osazovany v mistech
uréenych projektem, popf. pokud hrozi uvolnéni bloka horniny
ohroZujicich bezpecnost pracovisté. Jednd se zejména o doCasné
svorniky s mechanicky rozpinanou hlavou délek 3—-5 m a moZnosti
zpétného zainjektovdni pied nastfikem betonti. Pokud spliuji
pozadavky protikorozni ochrany, lze je priznat jako soucast defini-
tivniho osténi.

Svorniky trvalé jsou pruty z hiebinkové oceli @ 25 mm, délek
3—6 m osazované systematicky do rastru podle zastizené geologie.
Trvalé svorniky jsou navic vybaveny distan¢nimi krouzky, které
zaru€uji minimdln{ tlouStku kryti vycentrovanim prutu ve vyvrtu
(obr. 8).

Obr. 7 Graficky vystup z laserového mapovani vyrubu
Fig. 7 Graphical output from laser scanning of excavation

Injecting grout into the tunnel advance core, the pre-grou-
ting, is an indispensable part of the tunnelling process. Taking
into consideration the fact that the excavation is carried out
under the sea surface and a thin overburden, grout is injected
systematically, without regard to results of absorption capacity
tests. Grout forming protective umbrellas over the excavation
is injected at least in two phases, more frequently with multiple
repetitions. This method lies in drilling the first array of 25 m
long holes and filling them with grout (microfine cement sus-
pension, final pressure of 7 MPa). A 6-hour technological inter-
ruption follows. Then another array of intermediate holes is
drilled and filled with grout. When the initial two arrays are
completed, new check holes are drilled and the absorption
capacity is again tested. If the prescribed requirements are not
met, the entire process has to be repeated. The average time
from the commencement of grouting operations to the com-
mencement of drilling for the excavation of the next excavati-
on round amounts to 5 days. Groundwater leaks into tunnels are
encountered even despite the massive grouting. Negative
effects are first of all caused by subsequent blasting operations,
the start of which is permitted by the design 10 hours after the
completion of the grouting. At last but not least, it is necessary
to accept the fact that survey boreholes do not have 100 per
cent verification capability and they do not have to hit
a disturbed water-bearing zone.

Obr. 8 Trvaly svornik s distan¢nim krouzkem
Fig. 8 Permanent rock bolt with a spacer ring
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Obr. 9 Priklad svorniku vyhovujiciho ,,A a nevyhovujiciho ,,D*

Fig. 9 Example of a satisfactory A-grade rock bolt and an unsatisfactory D-grade rock bolt

Dopliikovéd svornikovd vystroj zahrnuje zejména samozéavrtné
kotvy typu TITAN 40/16, které tvori ochranné destniky délek az
12 m v mistech zhorSené geologie. Pro tratovy usek LUGE (1,3
km) bylo predpokldddno osazeni 45 000 m samozavrtnych kotev.
V prabéhu realizace se ukézalo pouZiti tohoto typu vystroje do
skalnich hornin jako nevhodné. Geologicky obtiZné useky tak jsou
ve zvysené mife zabezpeCovéany svorniky s okamZitou inosnosti.

Veskerd vyztuz je ocelovd (0c=500 MPa). Vzhledem ke stupni
agresivity prostfedi XA2, XS2 (razba pod hladinou mofte)
a predpoklddané zZivotnosti vystroje 100 let je veskerd vyztuZ povr-
choveé oSetfena vrstvou zdrového pozinkovdni tl. 105 pm
a epoxidového natéru tl. 300 pgm. Pivodné navrZzend zélivkova
smés portlandského cementu a pisku zamichdvand in situ v poméru
1:1 (w/c max. 0,4) se ukdzala jako nevhodnd. Mimo samotny pro-
ces piipravy se jevi jako problematické zejména objemové zmény
vlivem hydratace. Zalivka proto byla nahrazena injektdzni maltou
NONSET 120 SR, jeZ spliiuje podminky dobré Eerpatelnosti, vyso-
ké pevnosti (Fc = 50 MPa) a zvySené odolnosti proti agresivnimu
prostredi.

Spravné osazeny svornik je takovy, kdy maltovd zélivka kom-
pletné vypliuje vrt a neobsahuje vzduchové bubliny. Pro ovéreni
predpokladu je vyZzadovan tzv. pull out test (vytazna zkouska).
Zkouska spociva v osazeni svorniku a jeho ndsledném ru¢nim vyta-
Zeni pred zapo&etim tuhnuti zdlivky. VytaZeny ocelovy prut je poté
podroben vizudlni kontrole, kdy je sledovdna zejména celistvost
obaleni svorniku maltovou zdlivkou v celé jeho délce. Test musi byt
opakovén pro kazdych 200 osazenych prvka. Aby mohla byt tato
zkouska proveditelnd, testovany svornik nesmi byt vybaven
distanénimi prvky, které znemoznuji plynulé vytaZzeni svorniku.

Pro ovéreni vhodnosti a spolehlivosti metody pull out testu vSak
bylo nutné provést dodate¢né zkouSky instalované definitivni
svornikové vystroje. Dodavatel zvolil za prvni takovou zkouSku

Obr. 10 Podélné roziiznuty svornik v jadrovém odvrtu
Fig. 10 Longitudinally cut rock bolt from a cored borehole

The rock bolts which are used for the excavation support are
categorised as follows:

— rock bolts installed before the commencement of the exca-

vation (first of all prior to the excavation of portal sections),

— temporary rock bolts interrupting the excavation cycle,

— permanent rock bolts which are part of the final lining,

— supplementary rock bolt support.

The rock bolts interrupting the excavation cycle are installed
in places prescribed by the design or if there is a threat of
blocks of rock breaking free, endangering the safety of the
workplace. Temporary, mechanically expanded, 3-5 m long
rock bolts which can be grouted before the application of shotc-
rete. They can be accepted as parts of the final lining if they
meet corrosion protection requirements.

The permanent rock bolts are 3-6m long, 25 mm in diameter
deformed steel reinforcement rods, installed systematically at
a grid depending on the geology encountered. The permanent
rock bolts are in addition equipped with spacer rings ensuring
the minimum thickness of the grout cover by centring the rod
in the drillhole (see Fig. 8).

The supplementary rock bolt support comprises first of all
TITAN 40/16 self-drilling anchors forming protective umbrel-
las up to 12 m long in worsened geology locations. It was assu-
med that 45,000 self-drilling anchors would be installed in
LUG6E section (1.3 km long). The application of this type of
support turned out during the course of the construction to be
unsuitable for hard rock conditions. The excavation in geologi-
cally difficult sections is therefore stabilised by rock bolts pro-
viding an instantaneous load-carrying effect.

All support elements are made of steel (0c=500 MPa). With
respect to the environment exposure grade XA2, XS2 (tunnel-
ling under the sea surface) and the assumed 100-year longevi-
ty of the support, the surface of all reinforcement elements is
provided with a 105 ym thick zinc layer and 300 gm thick
epoxy coating. The originally proposed grouting mix consisting
of Portland cement and sand blended in situ in 1:1 proportion
(max. w/c of 0.4) turned out to be unsuitable. Apart from the
process of preparation, volumetric changes induced by hydrati-
on proved most problematic. For that reason this grout was
replaced by NONSET 120 SR grout, which meets requirements
for good pumpability, high strength (Fc = 50 MPa) and increa-
sed resistance against the corrosive environment.

A rock bolt is installed properly when the grout completely
fills the drillhole and contains no air bubbles. Pull out tests are
required for the verification whether the assumption was met.
The test lies in the installation of a rock bolt and subsequently
pulling it by hand out before the grout setting process begins.
The steel rod pulled out from the drillhole is then subjected to
visual checking, where the main aspect is the integrity of the
rock bolt encasement by the grout throughout the bolt length.
The test must be repeated for each set of installed elements. The
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testovdni zabudovanych svornika ,,Bolometrem* (vyvinut v roce
1978 ve Svédsku). Tato nedestruktivni metoda umoziiuje provéfit
celistvost cementové zdlivky vyhodnocenim odezvy ultrazvuko-
vych vin. Méfeny svornik je pro zajisténi dostate¢ného prenosu
ultrazvukovych vin nutné zbavit povrchové dpravy obrousenim
jeho viditelného konce pri usti vrtu. Néslednd vlastni zkouska
véetné grafického vystupu na monitoru boltometru je jiz otdzkou
nékolika sekund. Méfeni se provddi dvéma ruznymi ultrazvuko-
vymi frekvencemi (kompresni a ohybovd), a to vzhledem k jejich
raznym penetraénim vlastnostem. Pro obé frekvence jsou stano-
vena kritéria, na zdkladé kterych je testovand svornikovd vyztuz
klasifikovdna od ,,A* — pIné vyhovujici, az po ,,D — uvolnéné,
nebo s minimdlnim kontaktem (obr. 9). Tato zkuSebni metoda je
dostateéné prukaznd v hloubkédch vrtu od 1-5 m, a proto bylo pfi-
stoupeno k dal§imu ovéfeni. Ndsledujicim krokem pro provereni
kvality cementové zdlivky definitivni svornikové vystroje bylo
odvrtdni osmi jddrovych vrtl. Pro tyto G&ely bylo zdstupci objed-
natele oznafeno osm kust svorniki o délkdch 3 m, osazenych
v raznych pozicich (svisle i vodorovné). Odvrtani bylo provedeno
pomoci jadrové vrtaky upnuté na lic vyrubu, kterd umoznovala
jemné ruéni nastaveni sméru vrtu spolu s nastavovanim jadrovni-
ce. Timto zpusobem bylo dosaZzeno vynosu z jadra v celé jeho
délce. Vzorek s uprostied uloZenym, zainjektovanym svornikem
byl nédsledné roziiznut v podélném sméru (obr. 10). Tato zkouska
prukazn€ ovéfila spravnost a spolehlivost metody pull out testu
a zdroven potvrdila kvalitu zabudované svornikové vystroje.

Obdobne¢ jako svorniky se i konstrukéni betony déli do zéklad-
nich kategorii:

— bezprostredni néstrik betonu v prubéhu praci, jenZ znamend

preruseni razby,

— néstfik definitivniho osténi.

Bezprostredni ndstiik je aplikovdn pfi zhorSenych geologic-
kych podminkdch pro zvysSeni dirovné bezpec¢nosti na pracovisti.
Pro néstiik je pouzivdn beton s rozptylenou vyztuzi z ocelovych
vldken.

Definitivni osténi je tvoreno stiikanymi betony, vyztuzenymi
polypropylénovymi vldkny o tloustkdch 60 az 120 mm. Beton smi
byt nandSen ve vrstvdch, jejichZz maximdlni mocnost je 40 mm.
Dal3i nastfik maze byt proveden aZ poté, co predchozi vrstva
dosdhla pevnosti alespont 5 MPa. Stejné jako v pripadé definitiv-
nich svornika musi i stifkané osténi sledovat razbu alespori 30 m
od celby.

Materidlové pozadavky na kvalitu stiikanych betonu vychdzeji
z norem SFS-EN 14487-1 a SFS-EN 14487-2. Kamenivo
v betonech smi mit maximdlni velikost zrna 8 mm. Jako pojivo
jsou pouzivany portlandské cementy. Pfi aplikaci ndstfiku mok-
rym zpusobem smi byt pomér w/c maximdlné 0,5. MnoZstvi vody
v betonové smési nesmi byt vys§i nez 200 kg/m3. Davkovani
urychlovace tuhnuti nesmi byt vyssi nezZ 5 % hmotnosti cementu.
Osetrujici pfisady pro zrani betonu nejsou povoleny. Povrch je
nutné skrapét vodni mlhou po dobu minimdlné 14 dni od aplika-
ce, nebo kdyZ je dosaZeno 80 % jmenovité pevnosti. Kvalitativni
poZzadavek na vysledny beton je ddn tfidou C30/37 a C35/45,
XC3, XF1.

V rdmci prukaznich zkouSek betonu pro definitivni osténi se
provadi nastfik na plochu cca 100 m2. Beton je podroben nésledu-
jicim zkouskam:

— Plasticita betonové smési — S3.

— Obsah vyztuznych vliken — ocelova vlakna min. 58,5kg/m?,

PP vldkna 7,5 kg/m>.

— Energetickd pohltivost — E > 1000 J.

— Pevnost v tlaku — tlakovd pevnost betonu s pouZitim urychlo-
vace tuhnuti smi byt max. o 20 % niZ8i neZ betonu bez pouZi-
ti urychlovace.

— Hustota — p > 2200 kg/m?.

— Hloubka prusaku tlakovou vodou — 1 < 50 mm.

Béhem samotné aplikace stifkanych betona dochdzi k opakovani
zkousek pro kazdych 100 m? definitiv vyjma testi energetické
pohltivosti. Pro vyslednou kontrolu tloustky ostén{ jsou pouzivany
dvé razné metody. Jednou z nich je odvrtdni kontrolniho otvoru
pro kazdych 100 m? definitiv a zméfeni tloustky vrstvy. Druhou
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rock bolt being tested must not be provided with spacers becau-
se they make the fluent pulling of the bolt out impossible.

The installed final rock bolt support had to be subjected to
additional testing required for the verification of the suitability
and reliability of the pull-out testing method. The contractor
chose a boltometer (developed in Sweden in 1978) for the first
test of the testing of installed rock bolts. This non-destructive
method makes the verification of the integrity of the cement
grout encasement by assessing the reflection of ultrasound
waves. The surface layers have to be removed from the visible
end of the tested rock bolt at the borehole mouth by grinding
them away so that sufficient transfer of ultrasound waves is
ensured. The subsequent testing including a graphical output on
the boltometer screen is a matter of several seconds. The mea-
surement is carried out using two different frequencies (com-
pressive and bending), with respect to different penetration
properties of the waves. The tested rockbolt is classified accor-
ding to criteria set for both frequencies with the grades starting
from “A” — fully satisfactory and ending at “D” — loosened or
with a minimum contact (see Fig. 9). This testing method is
sufficiently conclusive for drillhole lengths ranging from 1 to
5 m. For that reason additional verification was conducted. The
next step used for the verification of the quality of cement grout
encasing rock bolts consisted of carrying out eight cored bore-
holes. For these purposes representatives of the client marked
eight 3 m long rock bolts, which were installed in various posi-
tions (vertically and horizontally). A core drilling machine
anchored to the surface of the rock exposed by the excavation
was used for the drilling. It made fine manual setting of the
drilling direction simultaneously with extending the core shell.
The full length of the core was recovered in this way. The sam-
ple containing the grouted rock bolt in its centre was subsequ-
ently cut in the longitudinal direction (see Fig. 10. This test
conclusively verified the correctness and reliability of the pull-
out testing method and, at the same time, confirmed the quali-
ty of the rock bolt support installed.

Structural concretes are divided similarly to rock bolts into
the following categories:

— shotcrete applied immediately during the course of excava-

tion, which means that the excavation work is interrupted,

— final shotcrete lining.

Shotcrete is applied immediately in worsened geological
conditions with the aim of increasing the level of the workpla-
ce safety. Steel fibre reinforced concrete is applied.

The final lining is formed by 60 to 120 mm thick layers of
polypropylene fibre reinforced shotcrete. The maximum per-
mitted thickness of one shotcrete layer is 40 mm. Next layer
can be applied only when the strength of the previous layer has
reached at least 5 MPa. The maximum permitted distance of the
shotcrete lining from the excavation face is 30 m, identically
with the installation of permanent rock bolts.

Material requirements for shotcrete quality are based on the
SFS-EN 14487-1 and SFS-EN 14487-2 standards. The maxi-
mum permitted size of a concrete aggregate grain is 8 mm.
Portland cements are used as the binder. When shotcrete is app-
lied using the wet process, the maximum permitted w/c ratio is
0.5. The amount of water in shotcrete mix must not exceed
200 kg/m3. The setting accelerator dosing must not exceed 5%
of the cement weight. Concrete curing additives are not per-
mitted. The surface has to be treated with water mist for at least
14 days or until 80% nominal strength is reached. The qualita-
tive requirement for the resultant shotcrete is determined by
grades C30/37 and C35/45, XC3, XFl1.

Shotcrete is applied to an area of approximately 100 m? as
a part of preconstruction testing of shotcrete for the final lining.
The concrete is subjected to the following tests:

— Concrete mix plasticity — S3

— Reinforcing fibre content — 58.5 kg/m? as a minimum for

steel fibres; 7.5 kg/m3 for PP fibres




Obr. 11 Systematicky instalované organizované svody
Fig. 11 Systematically installed elements of the organised water collection
system

metodou je opétovné laserové skenovani vyrubu tentokrat jiz
s vrstvou definitivnich betonu. Timto zpusobem lze jednak kontro-
lovat moZny zdsah do prujezdniho profilu tratovych tunelu a také
provést porovnéni identickych dseku skenovanych pfi razbach.

Veskeré dkapy a zavlhlé plochy musi byt pred néstfikem defini-
tivn{ vrstvy sanovény. Pro sniZen{ pritoka vody do tuneltl po raz-
bach jsou uplatnovdna dvé technickd feSeni. Souvislé plochy
s ukapy jsou nejprve zpétné injektovany mikrocementem s cilem
zmirnit celkovy pritok a pokud mozZno soustiedit vodu do jednotli-
vych vyronu. Lokédlné soustfedéné pritoky jsou injektovany polyu-
retanovymi pryskyficemi CarboPur. Redukované a soustredéné
tikapy jsou poté prekryty organizovanymi svody. DrendZzni svody
jsou i mimo vyrony instalovdny v pravidelné rozte¢i cca 4 m
z diuvodu prevence pied moZnymi novymi prusaky (obr. 11).
MontdZ svodu je obtiznd zejména v oblastech se zhorSenou geolo-
gif, kde neni mozné dosdhnou hladkého vyrubu pfi uziti trhacich
praci. Preventivni funkce rastru instalovanych drént je ponékud
diskutabilni.

Prace byly zahdjeny v ervnu 2011 rozraZenim do obou sméru
a s vyuzitim ¢tyf moznych pracovist. Zpocatku byla nasazena dvo-
jice tiflafetovych vrtacich vozi Tamrock Axera T11. Projektem
definované objemy injektdznich praci a pozadavky na bezpecnost-
ni svornikovou vystroj se vSak brzy ukdzaly byt znaéné podhod-
nocené a bylo nutné nasadit treti vrtaci viz stejného typu. Celkem
bylo vytéZeno 140 000 m3 horniny pfi primérném tempu 130 m za
mésic vyraZenych tratovych tuneld. Injektdzni price si doposud
vyzadaly vice nez 5000 hodin s témer 1,5 mil. kg spotfebovaného
mikrocementu. V sou¢asné dobé probihaji price na definitivnich
osténich spolu s razbou posledni vétraci Sachty na zdpadni strané
useku Karhusaari.
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— Energy absorption capacity — E > 1000 J

— Compressive strength — compressive strength of concrete
for which a setting accelerator was used must not be lower
by more than 20% than the strength of concrete prepared
without the use of accelerator

— Density — p > 2200 kg/m?

— Pressure water penetration depth - I < 50 mm

The tests (with the exception of the energy absorption capa-
city test) are repeated for every 100 m? of shotcrete used for the
final lining during the course of the shotcrete application. The
final checking of the lining thickness is carried out using two
different methods. One of them is the drilling of a check hole
for every 100 m? of the final lining and measuring of the layer
thickness. The other method is the repeated laser scanning, this
time of the excavated opening provided with the final shotcre-
te lining. Owing to this method it is possible either to check
potential encroachment on the running tunnel clearance profile
or to compare identical sections scanned during the course of
the excavation.

All drips and wet spots must be removed prior to the appli-
cation of the final shotcrete layer. Two technical solutions are
applied to reducing water inflows into tunnels after excavation.
Continuous surfaces containing drips are backgrouted with
microfine cement with the aim of reducing the aggregate
inflow and, if possible, concentrating water to individual leaks.
CarboPur polyurethane resin injection is used for the treatment
of the locally concentrated leaks. The reduced and concentrated
leaks are subsequently covered with transverse elements of the
organised water collection system. These drains are applied at
regular spacing of about 4 m with the aim of preventing poten-
tial new leaks (see Fig. 11). The installation of the water col-
lection system elements is difficult in worsened geology areas,
where a smooth excavation contour cannot be achieved when
blasting operations are necessary. The preventative function of
the grid of installed drains is slightly disputable.

The work started in June 2011 by driving the tunnels in both
directions, at four headings in total. In the beginning, a pair of
Tamrock Axera T11 three-boom drill rig was deployed.
However, the volumes of grouting and requirements for the
temporary, safety-purpose rock bolt support soon turned out to
be significantly underestimated and it was necessary to deploy
the third drilling rig of the same type. The total of 140,000 m3
of underground space was excavated for the running tunnels, at
the average advance rate of 130 m per month. The grouting
operations have claimed over 5000 hours of work and nearly
1.5 million kilograms of microfine cement. The work on final
linings is currently underway and the last ventilation shaft on
the western side of the Karhusaari section is being sunk.
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PRESPEKTIVY VYSTAVBY DOPRAVNYCH TUNELOV
NA UZEMI SLOVENSKA

PERSPECTIVES OF DEVELOPMENT
OF TRANSPORTATION TUNNELS IN SLOVAKIA

MILOSLAV FRANKOVSKY, JAN KUSNIR

ovobp

Slovensko je krajinou s pestrym geomorfologickym ¢lenenim
a velkym podielom hornatého tzemia. Pri rozvoji dopravnej
infrastruktdry by mali preto byt tunely nevyhnutnostou. V stlade
s tymto konStatovanim prebiehala vystavba zelezni¢nych tunelov
v predoslych dvoch storo¢iach pomerne intenzivne. Naopak cest-
né tunely boli na dzemi Slovenska dlho skor raritou. Situdcia sa
zaCala menit’ a7 v deviitdesiatych rokoch minulého storocia, ked
sa vystavba dialni¢nej siete presunula z rovin do hornatejSicho
uzemia stredného a vychodného Slovenska. Budicnost'tunelové-
ho stavitelstva na Slovensku je dnes zdvisla na realizdcii planov
na moderniziciu Zelezni¢nych trati na vysSie rychlosti a tieZ na
realizdcii planov dobudovania dialni¢nej siete a siete rychlost-
nych komunikdcii. Ak spo&itame celkové dizky v tabulkdch pri-
pravovanych tunelov, sucty, ktoré takto dostaneme, budd roz-
hodne udctyhodné. Otdzkou zostdva v akom cCase, resp. v akej
postupnosti sa podarf priviest tieto ambiciézne plany do reality.
Ako to dokazuju skisenosti z posledného obdobia, ani platné sta-
vebné povolenie a zabezpecenie financovania nemusia znamenat’
bezproblémové nastartovanie vystavby.

ZELEZNICNE TUNELY

Minulost

Budovanie Zelezni¢nych trati na dneSnom tzemi Slovenska
zaCalo uz v prvej polovice 19. storocia. Vzhladom na hornaty
charakter izemia museli byt sicastou budovanych trati tunelo-
vé objekty. ESte v 19. storo¢i bolo na tizemi Slovenska posta-
venych 22 Zelezni¢nych tunelov s celkovou dizkou viac ako
7 km. Cast z tychto tunelov je dnes uz mimo prevadzky, vig-
Sia Cast’ je stdle vyuzivand. Vystavba Zelezni¢nych tunelov
pokracovala s eSte vdcSou intenzitou aj v prvej polovici 20.
storoc¢ia. Medzi rokmi 1902 a 1966 bolo na tzemi Slovenska
vybudovanych 62 Zelezni¢nych tunelov s celkovou dizkou
viac ako 42 km, z toho 57 jednokolajnych a 5 dvojkolajnych.
Medzi najvyznamnejSie patria Bralsky tunel s dizkou 3012 m,
Telgértsky tunel na trati Margecany — Cervend skala zZnamy
Spirdlovym smerovym vedenim prekondvajicim 40 metrovy
vyskovy rozdiel a najdlhii Cremosniansky tunel s dizkou
4698 m. Najdlh§im dvojkolajnym tunelom je Bujanovsky
tunel diiky 3410 m. V sdcasnosti je v sieti slovenskych zelez-
nic prevdadzkovanych 76 tunelov v celkovej dizke 434 km,
z toho 7 tunelov dvojkolajnych. Od roku 1966 az do prvej
dekddy tohto storocia sa uZz v tunelovom stavitelstve na Zelez-
niciach okrem rekonstrukcie niekolkych tunelov prakticky ni¢
neudialo.

Pritomnost

Prelomovym rokom by sme mohli nazvat rok 2009, kedy sa
zacCalo s vystavbou, resp. rok 2012 kedy sa uviedol do pre-
vadzky zelezni¢ny tunel Turecky Vrch na modernizovanej
Zelezni¢nej trati na 160 km/h, ktory je situovany nedaleko

INTRODUCTION

Slovakia is a country with a chequered geomorphological
structure, with a large proportion of mountainous areas.
Tunnels should therefore be unavoidable for the development
of the transport infrastructure. In accordance with this state-
ment, the development of railway tunnels proceeded in the
previous two hundreds of years relatively intensely. By con-
trast, road tunnels were for a long time rather a rarity in
Slovakia. The situation began to change only in the 1990s,
when the development of the motorway network shifted from
flat regions to the more mountainous area of Central and
Eastern Slovakia. The future of tunnel construction enginee-
ring in Slovakia today depends on the implementation of plans
of the upgrading of railway tracks to higher speeds and also on
the implementation of plans for the completion of the deve-
lopment of the motorway network and fast highways network.
If we count total lengths in the table of tunnels being prepared
for construction together, the sums we will obtain will certain-
ly be respectable. The time or the sequence in which Slovakia
will be able to bring these ambitious plans into reality remains
to be a question. As the recent experience has proved, neither
a valid construction permit nor secured funds must mean that
the construction will start without problems.

RAILWAY TUNNELS

History

The development of railway tracks in the today’s territory of
Slovakia started in the first half of the 19th century. Tunnel
structures had to be parts of the tracks being constructed
because of the mountainous character of the landscape. It was
still during the 19th century that 22 railway tunnels at the
aggregate length exceeding 7 km were built in the territory of
Slovakia. Part of these tunnels is today already out of service,
but a larger part has still been used. The development of rail-
way tunnels continued with even greater intensity even in the
first half of the 20th century. The total of 62 railway tunnels
with the aggregate length of over 42 km (57 of that number
single-track and 5 double-track structures) were built in the
territory of Slovakia. Among the most important, there are the
3012 m long Bralsky tunnel, the Telgart tunnel on the Mar-
gecany — Cervend Skala track, which is known for the spiral
horizontal alignment overcoming a 40 m difference in levels,
and the Cremosnd tunnel, which is the longest of them with its
length of 4696 m. The 3410 m long Bujanov tunnel is the lon-
gest of the double-track tunnels. At the moment there are 76
tunnels 43.4 km long in total operating on the network of
Slovak railways. Of that number, 7 tunnels are double-track
structures. Virtually nothing, with the exception of reconstruc-
tions of several tunnels, was performed in the field of tunnel
construction from 1966 to the first decade of this century.
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Nového Mesta nad Vdhom v smere na Zilinu. Tento jednori- Present time
rovy dvojkolajny tunel dlzky 1775 m je postaveny na zdklade The year 2009, in which the development of the Turecky
sicasnych modernych trendov v tuneldarskom stavebnictve Vrch tunnel commenced, or the year 2012, in which the tunnel
s vyuZitim novych prvkov, ako st pevnd jazdné dréha, drendz- was inaugurated, could be named a breakthrough year. The
ne a povrchové odvodnenie v celej dlzke, inikové cesty bez tunnel is located near Nové Mesto nad Vdhom, on a railway
zachrannych vyklenkov, poziarny suchovod s akumulaénymi track upgraded to 160 km/h, in the direction of Zilina. This
nddrzami na oboch portdloch, niddzovym osvetlenim 1775 m long single-tube double-track tunnel was constructed
v madléach a pod. on the basis of current modern trends in tunnel construction
Tento tunel je prvym na Slovensku, ktory je postaveny engineering, using new elements such as the slab track, drains
v zmysle Specifikdcii technickej interoperability urCovanej evacuation groundwater and polluted water from the slab track
smernicami vyddvanymi eurépskym spolocenstvom. Zjed- surface throughout the tunnel length, escape routes without
nodusene povedané, jeho bezpecnost zaistend stavebnymi safety recesses, a dry fire main with accumulation reservoirs at
komponentami a subsystémami je na takej istej trovni, ako both portals, emergency lighting in handrails etc.
v novych Zelezni¢nych tuneloch napriklad vo Svajéiarsku This tunnel is the first tunnel built in compliance with the
alebo Nemecku. Technical Specifications for Interoperability, which is defined
Na tuneli Turecky Vrch sa otestovali kvality sticasnych pro- by directives issued by the European Union. Simply put, the
jektovych, stavebnych a dozornych zloZiek na Slovensku, level of its safety secured by structural elements and sub-sys-
z ¢oho modzu Cerpat skdsenosti do blizkej buddcnosti tunelo- tems is identical with the level in new railway tunnels, for
vych stavieb. A budiicnost’ Zelezni¢nych tunelov na Slovensku example, in Switzerland or Germany.
vyzera optimisticky. The Turecky Vrch tunnel allowed the testing of qualities of
current designing, construction and supervisory components of
Budtcnost the construction system in Slovakia. They can draw experien-

ce from it and apply it to tunnels in the near future. And the

V rdmci programu modernizicie Zelezni¢nych trati ZSR na . s . L
pros Y future of railway tunnels in Slovakia looks optimistically.

rychlost'do 160 km/h je z hladiska morfoldgie izemia, ktorym
sicasna trat’ vedie, nevyhnutné realizovat’ nové trasovanie.
Poziadavka na rychlost’ 160 km/h, resp. vyhladovo na 200 Future

km/h, si vyZaduje vypustit’ zo smerového vedenia trate obliky It is inevitable within the program of upgrading railway tracks
popri vodnych tokoch v stiesnenych tudoliach, kde si mnoho- in Slovakia to the speed of 160 km/h to implement new routing,
krat naviac situované obyvané tzemia a cestnd siet. Jedinym taking into consideration the morphology of the terrain the exis-
rieSenim tejto situdcie je vystavba novych tunelov. ting tracks pass across. The requirement for the speed of 160
V sidcasnosti je vo faze projektovej pripravy 24 tunelov, pri- km/h, or even 200 km/h in the future, means that curves follo-
¢om ich dizka je viac ako 40 km (tab. 1), (obr. 1). wing water courses in narrow valleys, where, in addition, deve-
V tiseku medzi Novym Mestom nad Vihom a Zilinou sa loped areas and road networks are often located, must be dele-
okrem tunela Turecky Vrch projektovo na vystavbu pripravi- ted from the horizontal alignment design. The only solution to
li dva dalSie tunely. Ide o jednortirové dvojkolajné tunely this situation is the development of new tunnels. There are cur-
Diel a Milochov. Z tuneldrskeho hladiska ide o zaujimavé rently 24 tunnels at the designing stage; the aggregate length of
tunely. Tunel Diel sa nachddza v blizkosti kipelov Nimnica, the tunnels is over 40 km (see Table 1 and Fig. 1).
kde bude potrebné dbat’ na zachovanie pridenia podzemnych Additional two tunnels have been prepared for construction
vod, a tunel Milochov sa nachadza v pasme zosuvov, ¢o si within the section between Nové Mesto nad Vdhom and Zilina
vyziada precizne zabezpelenie stability hlavne v portdlovych | in addition to the above-mentioned Turecky Vrch tunnel,
oblastiach. namely the Diel and Milochov single-tube double-track tunne-

Is. These tunnels are

interesting from the tun-
nelling point of view.

PLANNED TUNNELS ON RAILWAY NETWORK IN SLOVAK REPUBLIC | The Diel tunnel is loca-

ted in the vicinity of
@@m@@@@@ Nimnica Spa Resort,
”_” where it will be necessa-

; ([ ". ry to take care of mainta-
; : : ining the groundwater

flows; the Milochov tun-
nel is located in a slide
zone, which will require
stabilisation measures
first of all in portal areas.
A part of the upgraded
track between Cadca and
Krdasno nad Kysuca is
part of the sixth railway
o corridor between Zilina —
Koridor Cilo IV Cadca — Skalité — the
Koridor &islo Va SR/PR/CR border. In this
" Corridors No. Va section, a tunnel passes
o 9 - §°”‘-’°r Cilo vy under Horelica Kycera

orridors No. VI Yy

mountain. It is named
after this mountain. The
Kycera tunnel is currently

Obr. 1 Mapa pripravovanych Zelezni¢nych tunelov, zdroj Reming Consult
Fig. 1 Map of railway tunnels under preparation; source: Reming Consult
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Tab. 1 Pripravované Zeleznicné tunely
Table 1 Railway tunnels under preparation

Tuel

C. Usek Nézov tunela Dizka (m) Stucéasny stav
No. Section Tunnel name Length(m) Current state
1 Bratislava Predmestie — Bratislava Petrzalka 6 050 |. etapa stavebné povolenie
construction permit for 1t stage |
2 Zelezniéné zapojenie letiska M. R. Stefanika v Bratislave 2300 Uzemné rozhodnutie / zoning and planning (Z&P) decision
3 Nové Mesto nad Vahom - Trencianske Bohuslavice Turecky vrch 1775 kolaudaéné konanie / final inspection proceedings
4 Puchov — Povazska Bystrica Diel 1075 Uzemné rozhodnutie / Z&P decision
5 Milochov 1955 Uzemné rozhodnutie / Z&P decision
6  Statna hranica CR/SR — Cadca — Krasno nad Kysucou (mimo) Kycera 4240 Uzemné rozhodnutie / Z&P decision
State border CR/SR - Cadca - Krasno nad Kysucou (excepting)
Liptovsky Mikulas — Poprad Paltdza 730 Uzemné rozhodnutie / Z&P decision
Cerveny Kiit 4 866 Uzemné rozhodnutie / Z&P decision
Zamcisko 155 Uzemné rozhodnutie / Z&P decision
10 Ddbrava 1372 Uzemné rozhodnutie / Z&P decision
11 Hencnava 1067 Uzemné rozhodnutie / Z&P decision
12 Strba 2840 (izemné rozhodnutie / Z&P decision
13 Kolombiarok 1215 Uzemné rozhodnutie / Z&P decision
14 Poprad — Krompachy Spani H4j 720 Uzemné rozhodnutie / Z&P decision
15 Kalmanka 530 Uzemné rozhodnutie / Z&P decision
16 Chrast 350 Uzemné rozhodnutie / Z&P decision
17 Olcnava 1380 Uzemné rozhodnutie / Z&P decision
18 Kolinovice 880 Uzemné rozhodnutie / Z&P decision
19 Krompachy — Kysak Turnisko 1270 lizemné rozhodnutie / Z&P decision
20 Kluknava 640 Uzemné rozhodnutie / Z&P decision
21 Uhliska 1030 Uzemné rozhodnutie / Z&P decision
22 Margecany 760 Uzemné rozhodnutie / Z&P decision
23 Holica 1730 lizemné rozhodnutie / Z&P decision
24 Kysak 992 Uzemné rozhodnutie / Z&P decision
25 Kysak — Kosice Tahanovce 815 lizemné rozhodnutie / Z&P decision

Medzi Cadcou a Krasnom nad Kysucou sa nachddza tdsek
modernizovanej trate, ktory je si¢astou Siesteho koridoru Zili-
na — Cadca — Skalité — $titne hranice SR/PR/CR. V tomto
udseku podchddza masiv Horelickej Kycery tunel, podla ktoré-
ho je aj pomenovany. Tunel Kycera sa momentalne nachddza
v stave projektovania pre stavebné povolenie. Skladbou patri
medzi dlhé tunely, dvojrirové, jednokolajné, hoci mald Cast
bude tvorit’ dvojkolajny jednorirovy usek s rozpletom. Pri
vystavbe sa uvazuje s nasadenim mechanizovaného tunelova-
cieho stroja a na niektorych Specifickych miestach s vystavbou
podla NRTM. Tunel sa nachddza v oblasti karpatskych flySov,
obdobne ako uz zrealizovany dialni¢ny tunel Horelica, ¢o si do
ukoncenia projekénych prdc a jeho realizdcie vyZaduje

Obr. 2 Tunel Cerveny Kiit, zdpadny portdl, vizualizdcia
Fig. 2 Cerveny Kiit tunnel, western portal; visualisation

at the final design stage. Through its design it belongs among
long double-tube, single track tunnels, despite the fact that
a double-track, single-tube section with a bifurcation chamber
will form a small part of the tunnel. It is expected that a full-face
tunnelling machine will be applied to the construction and the
NATM will be used for the construction in several specific pla-
ces. The tunnel is located in a Carpathian Flysch area, similarly
to the already completed Horelica motorway tunnel. It requires
a detailed engineering geological survey with a detailed analy-
sis to be conducted before the end of the work on the design and
before the construction work starts.

The largest number of railway tunnels are being proposed for
the modernised line section from Liptovsky Mikulds to Kosice.
The entire section to be modernised is divided into four separa-
te construction lots.

Liptovsky Mikulds — Poprad Tatry (excepting)

This section, the design for which is mostly completed at the
detailed design stage, contains seven tunnels. The Pandura tun-
nel, located near Liptovskd Mara Dam reservoir, is the only
cover-and-cut single-tube tunnel to be built using diaphragm
walls. The Cerveny Kt tunnel, a twin-tube structure with sing-
le-track tubes, running from Kralova Lehota under Vachtarova
Mountain, is the longest of the tunnels under preparation and
a full-face tunnelling machine is planned to be applied to the
excavation (see Fig. 2). The single-tube double-track Zamcisko
and Ddbrava tunnels lead across a karst area along the Vih
River, near the village of VaZec. The fields at the foothills of the
High Tatras mountain range are passed under by the Hencnava
tunnel, which will be the only tunnel having an escape shaft pro-
viding the escape route to the surface. The Strba tunnel will stra-
ighten the horizontal alignment in the area of Tatranskd Strba.




Obr. 3 Tunel Kolombiarok, vychodny portdl, vizualizicia Reming Consult
Fig. 3 Kolombiarok tunnel, eastern portal; visualisation: Reming Consult

podrobny inZinierskogeologicky prieskum a jeho podrobni
analyzu.

Najvicsi pocet Zeleznicnych tunelov je navrhovanych na
modernizovanej trati od Liptovského MikuldSa aZ po KoSice.
Tento cely modernizovany usek je rozdeleny na Styri samo-
statné stavby.

Liptovsky Mikulds — Poprad Tatry (mimo)

Na tomto useku, ktory ma projektovi dokumentaciu spra-
covanu povicSine na drovni pre realizdciu stavby, sa nachad-
za sedem tunelov. Tunel Palddza, nedaleko Liptovskej Mary,
je jediny hiben)’l jednoridrovy, rieSeny pomocou podzemnych
stien a hibenia pod stropom. Tunel Cerveny Kiit, dvojrirovy
jednokolajny, tahajici sa od Kralovej Lehoty popod masiv
Vachtdrovd, je z pripravovanych tunelov nadlh$i a na jeho
realizdciu sa uvazuje nasadenie tunelovacieho stroja (obr. 2).
Jednortrové dvojkolajné tunely Zamcisko a Dubrava vedud
krasovou oblastou popri rieke Vdh v blizkosti obce VaZec.
Popod podtatranské polia vedie tunel Hencnava, ktorému ako
unikova cesta na povrch bude ako jedinému slizit’ dnikova
$achta. Tunel Strba bude smerovo vyrovnavat trat’ v oblasti
Tatranskej Strby. Poslednym tunelom bude tunel Kolombia-
rok nachadzajiici sa medzi novou stanicou Strba a Lucivnou
(obr. 3).

Poprad Tatry — Krompachy

Tento dsek ma spracovany stupen dokumentdcie pre dzemné
rozhodnutie. Medzi Popradom, cez SpiSski Novi Ves po
Krompachy, sa nachddza 5 novych tunelov zvidc¢§a menSich
dizok (od 350 do 880 metrov). Najdlhs{ je tunel Olcnava, ktory
ako jediny bude mat rieSend aj unikovd §tolnu. VSetky tunely
st dvojkolajné, jednorirové.

Krompachy — Kysak

Usek Zeleznitnej trate spijajici Spi§ so SariSom obsahuje
tak nové tunelové stavby, ako aj rekonS$trukciu dnes prevadz-
kovaného Bujanovského tunela. VSetky tunely st jednorirové
dvojkolajné rieSené s postupom razenia pomocou NRTM.

Od Krompdich povedie trat’ Styrmi tunelmi popri obciach
Richnava, Kluknava a Margecany. Jediny z nich, tunel
Turnisko, bude mat’ dnikovd §tdlnu (obr. 4). Nésledne,
v oblasti medzi Margecanmi a prichradou RuZzin, bude rekon-
Struovany Bujanovsky tunel. NeZ sa trat’ dostane po najvy-
chodnejsiu obec, tsek prejde pri Velkej Lodine ibo¢nym tune-
lom Holica s tnikovym schodiskom a tesne pred Zelezni¢nou
kriZovatkou Kysak tunelom rovnakého nazvu.

Kysak — Kosice

Na trati od Kysaku do KoSic sa dostdvame z pahorkatiny na
kosicku niZinu. V tomto dseku sa nachddza posledny navrho-
vany tunel nedaleko koSickej miestnej Casti Tahanovce.
V sdcasnosti je tahanovsky tunel v prevadzke, no nové vede-
nie trate a Uprava smerového vedenia si vyziadala posun tune-
la do novej polohy.
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The Kolombiarok tunnel, located between the new Strba station
and Lucivna, will be the last tunnel on the line (see Fig. 3).

Poprad Tatry — Krompachy

The design completed for this section is at the stage required
for the issuance of the zoning and planning decision. There are
5 new tunnels, mostly shorter (from 350 m to 880 m) in the sec-
tion between Poprad through SpiSska Novéd Ves to Krompachy.
The longest of them is the Olcnava tunnel, which will have an
escape gallery as the only of the tunnels. All tunnels are double-
track single-tube structures.

Krompachy — Kysak

This railway track section connects the regions of Spi§ and
Sari§. The Spi§ and Sari§ contain both new tunnel structures and
the reconstruction of the today operating Bujanov tunnel. All
tunnels are single-tube double-track structures to be driven
using the NATM.

From Krompachy onward, the route will pass through four tun-
nels near the villages of Richnava, Kluknava and Margecany. An
escape gallery will be at the only one of them, the Turnisko tun-
nel (see Fig. 4). The Bujanov tunnel in the area between
Margecany and the RuZin Dam will be reconstructed subsequ-
ently. Before the track gets up to the easternmost village, the sec-
tion will pass near the village of Velka Lodina through the Holica
hillside tunnel (with an escape staircase) and, just before the
Kysak railway junction, through a tunnel of the same name.

Kysak — Kosice

The track section between Kysak and KoSice will carry us
from a hilly area to the KoSice Lowland., There is the last of the
proposed tunnels in this section, in the vicinity of the municipal
district of Tahanovce. At the moment the Tahanov tunnel is
being operated, but the new track alignment and the change in
the horizontal alignment requires shifting of the tunnel to a new
position.

Interconnection of railway corridors in Bratislava

Apart from the upgrading of railway tracks between
Bratislava, Zilina and KogSice, another important construction
project was under preparation from 2007 in the Slovak Capital
City Bratislava. The project on the connection of the internati-
onal TEN-T corridor to the railway network in Bratislava com-
prises the connection between existing Predmestie and
Petrzalka stations led through mined tunnels under the city
centre and under the Danube River bed. Several underground
stations will also be parts of the tunnel route because the pro-
ject will, in addition to the transportation function, also fulfil
functions of urban mass transit and commuter mass transit.
Another related project is on the Connection of M. R. Stefanik
airport to the railway network, where a great part of the route
also runs underground. The project was divided into several
stages relating to its funding. Despite the fact that the public
tender proceedings for the Ist stage of the project from

Obr. 4 Zastdvka Richnava s tunelom Turnisko, vizualizdcia
Fig. 4 Richnava intermediate station with Turnisko tunnel; visualisation
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Tuel

Tab. 2 Tunely na dialhiciach v prevddzke, vystavbe a v prebiehajiicej verejnej sutazi
Table 2 Tunnels on motorways: operating, under construction and at public tendering stages

Dialnicny tsek Nézov tunela Dizka (m) Sucasny stav
Motorway section Tunnel name Length (m) Current state
D1 Lietavska Lucka — Vishové — Dubna Skala Visnové 7520 verejna sutaz / public tender
D1 Hubova - Ivachnova Cebrat 2026 verejnd sutaz / public tender
D1 Mengusovce — Janovce Borik 985 v prevadzke od 2009 / operating since 2009
D1 Janovce — Jablonov Sibenik 605 vo vystavbe / under construction
D1 Beharovce — Branisko Branisko 4975 v prevadzke od 2003 / operating since 2003
D2 Lamacska cesta — Staré Grunty Sitina 1440 v prevadzke od 2007 / operating since 2007
D3 Cadca - obchvat mesta Horelica 605 v prevadzke od 2004 / operating since 2004
D3 Svréinovec — Skalité Svréinovec 445 verejnd sutaz / public tender

Polana 890 verejna sutaz / public tender

Prepojenie Zeleznic¢nych koridorov v Bratislave

Okrem modernizacie Zelezni¢nych trati medzi Bratislavou,
Zilinou a Kogicami sa mimoriadne vyznamn4 stavba pripra-
vovala od roku 2007 v hlavnom meste Slovenska Bratislave.
Projekt prepojenia medzinarodného TEN-T koridoru na
zelezni¢nu siet’ v Bratislave zahfna spojenie existujicich
Zelezni¢nych stanic Predmestie a PetrZalka, vedené razeny-
mi tunelmi pod centrom mesta i pod korytom rieky Dunaj.
Sucastou tunelového vedenia su aj viaceré podzemné stani-
ce, kedZe okrem tranzitnej funkcie bude stavba plnit'aj Glohy
mestskej a primestskej dopravy. DalSou stvisiacou stavbou
je Zapojenie letiska M. R. Stefanika k Zelezni¢nej siete, kde
je tiez velkd Cast trate vedend pod zemou. Stavba bola roz-
delend na viacero etdp v suvislosti so zabezpeCenim jej
financovania. Napriek rozbehnutiu verejnej sitaZe na
I. etapu stavby od stanice Predmestie po stanicu Filidlka
bolo na jesen roku 2012 prijaté rozhodnutie o odsune reali-
zacie projektu na neskorSie obdobia. Buddcnost’ vystavby
tunelového prepojenia pod Bratislavou teda zostava krajne
neistou.

Predmestie station to Filidlka station had started, a decision was
made in the autumn of 2012 that the construction works would
be postponed to later periods. The future of the development of
the tunnel interconnection under Bratislava therefore remains
highly uncertain.

ROAD AND MOTORWAY TUNNELS
History

The development of tunnels on the Slovak road network was
as if asleep for the entire 20th century, in contrast to railway tun-
nels. The 793 m long tunnel under the Castle, which was finis-
hed in 1947, was the first Slovak road tunnel. It was later con-
verted into a tram tunnel. The real beginning of the development
of road tunnels lies later, in the half of the 1990s. It was conne-
cted with the motorway development program (see Fig. 5). The
excavation of an exploratory gallery for the future Branisko tun-
nel on the Beharovce-Branicko section of the D1 motorway
commenced in the spring of 1996. Enabling work for the exca-
vation of the tunnel itself (4975 m long) started in the autumn of
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Obr. 5 Mapa tunelov na dialhiciach a rychlostnych cestdch, zdroj Terraprojekt
Fig. 5 Map of tunnels on motorways and fast highways; source: Terraprojekt




Obr. 6 Vychodny portdl dialhi¢ného tunela Cebrat) vizualizdcia Dopravopro-
Jekt
Fig. 6 Eastern portal of Cebrat’motorway tunnel, visualisation: Dopravopro-
Jekt

CESTNE A DIALNICNE TUNELY

Minulost

Vystavba tunelov na slovenskej cestnej sieti na rozdiel od
Zelezni¢nych tunelov akoby spala takmer celé dvadsiate storo-
Cie. Prvym slovenskym cestnym tunelom sa stal az bratislavsky
tunel pod Hradom s dlZzkou 793 m dokonceny v roku 1947,
ktory bol neskor prebudovany na elektrickovy. Naozajstny za-
Ciatok vystavby cestnych tunelov spadd az do polovice devit-
desiatych rokov minulého storoCia a je spity s programom
vystavby dialnic (obr. 5). Na jar 1996 sa zacala razit prieskum-
nd §tdlna buddceho tunela Branisko na dseku dialnice D1
Beharovce — Branisko. Na jesefi toho istého roku boli zacaté
pripravné price pre razenie samotného tunela dlzky 4975 m.
V roku 1998 nasledoval zaCiatok vystavby tunela Horelica
dizky 605 m na obchvate Cadce. Oba tieto tunely boli budova-
né ako jednordrové s obojsmernou premdvkou, ¢o zodpovedalo
ich vyhladovému dopravnému zataZeniu. V roku 2003 sa zacal
stavat’ prvy dvojrirovy dialhi¢ny tunel Sitina dlzky 1440 m na
useku Lamacska cesta — Staré Grunty v Bratislave. Jeho vystavba
trvala 48 mesiacov a v juni roku 2007 bol tunel uvedeny do pre-
vadzky. Zatial Stvrtym a poslednym dialni¢nym tunelom je tunel
Borik dlzky 985 m na tdseku Mengusovce — Janovce, ktory sa
zacal razit'na jesen v roku 2006 a bol otvoreny v roku 2009.

Pritomnost

V obdobi rokov 2008 az 2010 prebiehala na Slovensku inten-
zivna priprava vystavby dialnic a rychlostnych komunikacii vo
forme verejno-sikromného partnerstva (PPP projektov).
Stcastou dvoch pripravovanych pripravovanych tsekov bolo aj
sedem dialhi¢nych tunelov s celkovou dlZkou priblizne 17,5 km.
Po pred¢asnom ukonceni PPP projektov slovenska vldda rozhod-
la o pokracovani vystavby dialnic Standardnym spdsobom
s pouZitim kombinovaného financovania z eurofondov a Stit-
neho rozpodétu. Vzhladom na neaktudlnost’ projektovych doku-
mentacii Statny investor vystavby dialhic — Ndrodna dialni¢nd
spolo¢nost’ — rozhodol o pouziti metédy ,,Naprojektuj a postav*
podla tzv. Zltej knihy medzindrodnej federdcie konzultacnych
inZinierov FIDIC.

V priebehu rokov 2011 a 2012 bolo vypisanych a Ciastocne
uz aj vyhodnotenych niekolko verejnych sttazi na obstaranie
projektu a stavebnych prédc dialhi¢nych dsekov, z ktorych Styri
tiseky zahriiovali aj tunely. Ide o tunely Cebrat (obr. 6),
Visiové a Sibenik na dialnici D1 a tunely Svr&inovec a Polana
na dialnici D3 (tab. 2).

Na konci roku 2012 jedinym tdsekom vo vystavbe, ktorého
sucastou je tunel, je Usek Janovce — Jablonov s tunelom Sibenik
dlzky 605 m. Na ostatnych tsekoch s tunelmi zatial nebola verej-
nd sutaz ukoncend, prevazne z dovod namietok uchadzacov voci
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the same year. The commencement of the construction of the
605 m long Horelica tunnel on the Cadca road bypass followed
in 1998. Both above-mentioned tunnels were constructed as
single-tube structures carrying bi-directional traffic, which cor-
responded to the planned traffic density. The construction of the
first twin-tube motorway tunnel, the 1440m long Sitina on the
Lamacska Cesta — Staré Grunty section in Bratislava, commen-
ced in 2003. The construction took 48 months and the tunnel
was opened to traffic in June 2007. For the time being the fourth
and last motorway tunnel is the 985 m long Borik tunnel on the
Mengusovce — Janovce section. The tunnelling operations star-
ted in the autumn of 2006 and the tunnel was opened to traffic
in 2009.

Present time

The intense preparation of the development of motorways and
fast highways in Slovakia was under way during the 2008-2010
period, in the form of Public-Private Partnership (PPP) projects.
The two sections under preparation even comprised seven
motorway tunnels with the aggregate length of approximately
17.5 km. After the PPP system had been prematurely termina-
ted, the Slovak government decided that the development of
motorways would continue in a standard way using combined
funding from eurofunds and the state budget. Taking into consi-
deration the timeliness of design documents, the National
Highway Company, the state-owned investor, decided on the
use of the Design-Build procurement method according to the
Yellow Book of the International Federation of Consulting
Engineers, FIDIC.

Several Design-Build public tender notices for motorway sec-
tions were issued during 2011 and 2012. The tenders were even
partially evaluated. Four of them even comprised tunnels, name-
ly the Cebrat (see Fig. 6), Visiiové and Sibenik tunnels on the
D1 motorway and the Svrc¢inovec and Polana tunnels on the D3
motorway (see Table 2).

At the end of 2012, the only section under construction a part
of which is a tunnel was the Jdnovce-Jablonov section containing
the 605 m long Sibenik tunnel. Public tender proceedings for the
other sections containing tunnels have not finished yet, first of all
because of objections to the public tender process submitted by
tenderers. A change in this state and the beginning of the con-
struction of several sections containing tunnels can be expected
during 2013. The tunnel which is most awaited in this context is
the 7.5 km long Visnové tunnel (see Fig. 7), which should beco-
me the longest Slovak motorway tunnel for a long time.

Future

Several sections containing motorway tunnels remain for the
time being at planning stages, to be developed in the period to
come (see Table 3). On the one hand, the majority of these sec-
tions have received construction permits; on the other hand, all
of them will require updating for various reasons. The main
ambition of the government continues to be the completion of
the connection between Bratislava and KoSice by the DI
motorway. With the exception of the Karpaty tunnel, where the
mechanical excavation with full-face tunnel boring machine is
expected, the conventional construction method (the NATM) is
planned for al of the motorway tunnels under preparation. The
majority of the motorway tunnels design is expected to be for
twin-tube structures carrying unidirectional traffic.

D1 Hricovské Podhradie — Lietavskd Liicka

The construction of the HriCovské Podhradie — Lietavskd
Licka section containing the Ovéiarsko and Zilina tunnels
should commence after 2014, in relation to the construction of
the Lietavskd Licka — Visnové — Dubnd Skala section which it
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postupom verejného obstaravania. V priebehu roku 2013 je
mozné oCakdvat’ zmenu tohto stavu a zaciatok vystavby viace-
rych dsekov s tunelmi. NajocakdvanejSim je v tejto suvislosti
tunel Visnové dlzky cca 7.5 km (obr. 7), ktory by sa mal stat’ na
dlhé obdobie najdlh§im slovenskym dialhi¢nym tunelom.

Budtichost

Viaceré tseky s dialni¢nymi tunelmi zostdvaju zatial' v planoch
vystavby pre nasledovné obdobie (tab. 3). VicSina z tychto use-
kov sice disponuje stavebnym povolenim, prakticky vSade bude
z rdznych dévodov potrebnd jeho aktualizacia. Hlavnou ambici-
ou vlady nadalej zostdva dokonéit spojenie Bratislava — Kogice
dialhicou D1. Pre vSetky pripravované dialni¢né tunely sa uva-
zuje s konven¢nou metédou vystavby (NRTM) okrem tunela
Karpaty, kde sa predpokladd kontinudlna metdda s pouZitim
plnoprofilového raziaceho stroja. Prevaznd vicSina dialhi¢nych
tunelov je uvazovand v dvojrirovom usporiadani s jednosmer-
nou premdavkou.

D1 Hricovské Podhradie — Lietavskd Liicka

Usek Hricovské Podhradie — Lietavska Licka s tunelmi
Ov¢iarsko a Zilina by mal byt dany do vystavby po roku 2014 vo
vizbe na vystavbu useku Lietavskd Liucka — Visnové — Dubnd
Skala, na ktory nadvizuje tak, aby mohol byt v tom istom Case
sprevddzkovany cely tsek dialhice od Hri¢ovského Podhradia po
Dubnt Skalu.

DI Turany — Hubovd

NajproblematickejSim tsekom dialnice D1 stdle zostdva dsek
Turany — Hubova s dvomi tunelmi Rojkov a Havran. Napriek
platnému stavebnému povoleniu doslo pocas pripravnej fazy
PPP projektov k spochybneniu environmentdlneho hodnotenia
useku a k zablokovaniu moznosti jeho financovania Eurépskou
investi¢nou bankou. V priebehu roku 2012 prebiehalo dodato¢né
posudenie vplyvov stavby na lokality ststavy Natura 2000, kto-
rého stcastou bol aj navrh kompenzacnych technickych opatre-
ni. V decembri 2012 Eurépska komisia potvrdila akceptdciu po-
stupu Slovenska pri skimani vplyvov vystavby dialnhice na Zivot-
né prostredie. Generdlne riaditelstvo pre Zivotné prostredie
Eurdpskej komisie odsihlasilo spravu o postdeni a jej zdver, Ze
vystavba useku Turany — Hubova nebude mat’ vyznamny nega-
tivny vplyv na integritu dzemi Natura 2000. Pre zapracovanie
navrhnutych kompenzacnych opatreni bude potrebné vykonat
zmeny v Uzemnom rozhodnuti a stavebnom povoleni, ktoré si
vyZziadaji nevyhnutny ¢as. Vzhladom na to je mozné uvazovat'so
zacCiatkom vystavby dseku v horizonte 2 az 3 rokov.

D1 PreSov zdpad — PreSov juh

Chybajicim tsekom na dialnici D1 je stdle juzny obchvat
mesta PreSov s rovhomennym tunelom. Na tento dsek sa v su-
Casnosti spracovdva dokumentdcia na stavebné povolenie. Je
mozné oCakavat’ ziskanie stavebného povolenia v roku 2013, ¢o
by mohlo znamenalo zaciatok vystavby v roku 2014.

D3 Zilina, Strdzov — Zilina, Brodno

Dialnica D3 v smere na Polsko je dalfou prioritou. Na dsek
Svréinovec — Skalité s dvomi tunelmi uz bola v priebehu roku
2012 vypisand verejnd sitaz. Ocakdva sa, Ze zaCiatkom roku
2013 bude vypisana aj verejnd sitaz na tsek Zilina, StraZov —
Zilina, Brodno s tunelom Povazsky Chlmec.

D4 Ivanka pri Dunaji — Bratislava, Zdhorskd Bystrica

Najdlh§im pripravovanym slovenskym dialni¢nym tunelom je
tunel Karpaty na nultom okruhu okolo hlavného mesta
Bratislavy, tvorenom dialnicou D4. Podla spracovanych technic-
kych §tddif sa pre vystavbu tunela uvazuje s vyuZitim kontinudl-
nej metédy razenia. Momentdlny stav pripravy stavby nie je
velmi optimisticky. Vzhladom na velky odpor verejnosti najmé
voli situovaniu vyustenia tunela v blizkosti obce Maridnka,
ministerstvo zivotného prostredia odporucilo doplnit’ podklady
pre posudzovanie vplyvov na Zivotné prostredie a predloZit’dopl-
neny zamer v rozsahu spravy pre posudzovanie v procese EIA.

Obr. 7 Zdpadny portil pre razenie tunela Vistiové, archiv Terraprojekt
Fig. 7 Western portal for the Vistiové tunnel excavation, Terraprojekt archives

is to link to, so that the entire HriCovské Podhradie - Dubna
Skala section can be opened to traffic in the same time.

D1 Turany — Hubovd

The Turany — Hubova section containing two tunnels, the
Rojkov and Havran, remains to be the most problematic section
of the D1 motorway. Despite the valid construction permit, the
environmental assessment of the section was cast doubt on
during the planning phase of the PPP projects and the possibili-
ty of its funding by the European Investment Bank was blocked.
The process of additional assessing the project impact on loca-
lities in the Natura 2000 complex ran during 2012. A proposal
for compensation technical measures was part of that process. In
December 2012, the European Commission confirmed that it
accepted the procedure applied by Slovakia to assessing the
environmental impact of the development of motorways. The
European Commission’s Directorate General for the Envi-
ronment approved the report on the assessment and concluded
that the development of the Turany — Hubova section would not
significantly negatively affect the Natura 2000 area integrity.
The incorporation of the proposed compensation measures will
require changes to be carried out in the zoning and planning
decision and the construction permit; it will take some inevitab-
le time. Taking this fact into consideration, it is possible to con-
sider the start of the construction of this section in the horizon
of 2 to 3 years.

D1 Presov West — Presov South

The southern bypass of the town of PreSov with the tunnel of
the same name has still been the missing section on the D1
motorway. The final design for this section is currently being
carried out. It is possible to expect that the construction permit
will be obtained in 2013, which could mean the commencement
of construction work in 2014.

D3 Zilina, Strdzov — Zilina, Brodno

The D3 motorway heading toward Poland is another priority.
The public tender notice for the Svréinoves — Skalité section,
containing two tunnels, was issued in 2012. It is expected that
the public tender notice for the Zilina, StraZov — Zilina, Brodno
section, containing the Povazsky Chlmec tunnel, will be issued
at the beginning of 2013.

D4 Ivanka-on-Danube — Bratislava, Zdhorskd Bystrica

The longest Slovak motorway tunnel is the Karpaty tunnel
located on the zero kilometre of the Bratislava circle road for-
med by the D4 motorway. According to completed technical stu-
dies, the continual tunnelling method is under consideration for
the tunnel construction. The current state of the construction
preparation is not much optimistic. With respect to great public
resistance, first of all against the location of the tunnel mouth in
the vicinity of the village of Maridnka, the Ministry of the
Environment (the ME) recommended that the background
papers for assessing the environmental impact should be supp-
lemented and the intention, supplemented in the scope of the
report on the assessment in EIA process, should be submitted.
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Tab. 3 Pripravované tunely na dialhiciach
Table 3 Motorway tunnels under preparation

Dialnicny tsek Nézov tunela Dizka (m) Sucasny stav
Motorway section Tunnel name Length (m) Current state
D1 HriCov. Podhradie - Lietavska Lucka Ovgiarsko 2367 stavebné povolenie / construction permit
Zilina 687 stavebné povolenie / construction permit
D1 Turany — Hubova Rojkov 1800 stavebné povolenie / construction permit
Havran 2828 stavebné povolenie / construction permit
D1 Beharovce — Branisko Branisko 4975 2. rira, Uzemné rozhodnutie / zoning & planning (Z&P) decision for 2 tube
D1 PreSov zapad - PreSov juh PreSov 2240 Uzemné rozhodnutie / construction permit
D1 Bidovce — Dargov Dargov 1050
D3 Zilina, StraZov — Zilina, Brodno Povazsky Chimec 2218 stavebné povolenie / construction permit
D3 Zilina, Brodno — Kysucké Nové Mesto Kysuca 584 stavebné povolenie / construction permit
D3 Cadca — obchvat mesta Horelica 605 2. rlra, Uzemné rozhodnutie / Z&P decision for 2 tube
D4 Ivanka pri Dunaji — Bratislava, Z&horska Bystrica Karpaty 8068
Tab. 4 Pripravované cestné tunely na rychlostnych cestach
Table 4 Tunnels on fast highways under preparation
Usek Rychlostnej komunikécie Nézov tunela Dizka (m) Stiéasny stav
Fast highway section Tunnel name Length(m) Current state
R1 Slovenska Lupca — Korytnica Kozi Chrbat 2975 zaver. stanovisko MZP / final ME opinion
Diel 1774 zéver. stanovisko MZP / final ME opinion
R1 Korytnica — Ruzomberok D1 Korytnica 800 zéver. stanovisko MZP / final ME opinion
Osada 930 zéver. stanovisko MZP / final ME opinion
Biely Potok 1450 zéver. stanovisko MZP / final ME opinion
Mnich 800 zéver. stanovisko MZP / final ME opinion
R2 Pravotice — Dolné Vestenice Chotomka 595 zaver. stanovisko MZP / final ME opinion
R2 Novéky - Ziar n. Hronom Handlova 600
Boriny 425
R2 Roznava - Jablonov nad Turfiou Soroska 4650 DUR v spracovani
documents for Z&P decision under preparation
R3 Nizné - DIha nad Oravou Biela Skala 515 Uzemné rozhodnutie / Z&P decision
R4 PreSov — severny obchvat Biko§ 1155 Uzemné rozhodnutie / Z&P decision
Okruhliak 1917 lizemné rozhodnutie / Z&P decision
R4 Lomné — HanuSovce nad Toplou Grun 825 zaver. stanovisko MZP / final ME opinion
R4 Hanusovce nad Topriou — KapuSany Peti¢ 510 zéver. stanovisko MZP / final ME opinion

Projektova priprava prebiehala aj pre tunely s jednou tunelo-
vou rdrou v prevdadzke (Branisko a Horelica). Vzhladom na
nizke intenzity dopravy vSak nie je vystavba druhych rir uvede-
nych tunelov v stcasnosti povazovand za prioritu.

Okrem vystavby dialhi¢nej siete prebieha v poslednom obdobi
na Slovensku aj intenzivna priprava vystavby rychlostnych ciest.
Aj na tejto sieti je uvaZované s vystavbou zna¢ného poctu tune-
lov (tab. 4). Najviac tunelov (6) je navrhnutych na severo-juZznom
prepojeni Ruzomberku a Banskej Bystrice rychlostnou cestou R1
prekondvajicou hreben Nizkych Tatier. Najdlhs$im tunelom v sieti
rychlostnych ciest by mal byt tunel Soroska s dizkou 4,65 km na
rychlostnej ceste R2.
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RIESENIE UNIKOVEJ CESTY TUNELA HENCNAVA
SOLUTION TO ESCAPE ROUTE FOR HENCNAVA TUNNEL

JAN BOLTVAN, ROBERT MRSTICA

1 UvoD

Jednym zo strategickych cielov Slovenskej republiky v procese
eurdpskej integricie je napojenie dopravnych vizieb Slovenska na
eurépsku dopravnd siet.

Poziadavka modernizdcie vybranych Zelezniénych trati ZSR
vychddza z koncepcie eurdpskych dopravnych koridorov definova-
nych na II. Paneurépskej konferencii ministrov dopravy. V ramci SR
je tunel Hencnava si&astou koridoru &. V. (Bratislava — Zilina — Cier-
na nad Tisou) a nachddza sa v tdseku trate Liptovsky Mikulds —
Poprad Tatry. Ugelom stavby je modernizacia technickej infrastruk-
tiry Zelezni¢nej trate pre dosiahnutie eurépskych parametrov podla
medzindrodnych dohdd (European Agreement on Main International
Railway Lines — AGC; European Agreement on Important
International Combined Transport Lines and Related Installations —
AGTC). Vzhladom na ¢lenitost tizemia nie je mozné dosiahnut’ poza-
dované parametre v dotknutom tzemi bez tunelového riesenia.

Zaujmové tzemie koridoru trasy novej ZelezniCnej trate v tseku
7Zst. Strba, konkrétne v mieste tunela Hencnava sa nachddza v Zilin-
skom samosprdvnom kraji, okrese Liptovsky Mikulds, v katastrdl-
nom tzemi obce VaZec.

Trasa tunela je vedend v extravildne. Na vychode opusta tdolie
rieky Biely Vdh a v miernom lavotocivom obliku vstupuje do tunela
Hencnava (vjazdovy portdl tunela) km 220, 940 598, pricom preko-
ndva prekdzku vyvySeniny Hencnava (cca 881 m n. m.). Trasa opus-
ta tunel (vyjazdovy portdl tunela) a smeruje do zastdvky VaZec.
Celkova dlzka tunela v jeho osi je 1060 m, tunel je navrhnuty ako
dvojkolajny. NadloZie tunela Hencnava dosahuje hodnoty cca 4 az
35 m. Situdcia tunela je zndzornend na obr. 1.

NadloZie tunela je tvorené flovcami s roznym stupnom zvetrania,
v miestach s najvy$sim nadlozim boli klasifikované ako trieda R3,
bliz8ie k povrchu tvorili nadloZie horniny triedy R4 aZ RS, povr-
chové vrstvy nadloZia sd tvorené zeminami. Z dovodu zlych geolo-
gickych podmienok a nizkeho nadlozia sa pdvodné rieSenie tiniko-
vej cesty tinikovou §tdliiou v stupni DUR zmenilo v stupni DSP na
unikovu Sachtu.

LEGENDA / LEGEND:
1. Tunel Hencnava / Hencnava tunnel

4. Trasa existujlcej Zeleznice / Existing railway track

5. Cesta /18 / Road 1/18

6. Smer Liptovsky Mikulé$ (Zilina) / Direction of Liptovsky Mikulas (Zilina)
7. Smer Poprad Tatry (KoSice) / Direction of Poprad Tatry (Kosice)

2. Pristupova komunikécia k Unikovej $tolni tunela Hencnava / Access road to the Hencnava tunnel escape gallery
3. Trasa projektovanej modernizovanej Zeleznicnej trate / Alignment of the modernised railway track under design

1 INTRODUCTION

One of strategic targets of the Slovak Republic in the process of
European integration is to link transportation relationships existing
in Slovakia to European transportation networks.

The requirement for the modernisation of selected railway routes of
the Slovak Railways is based on the concept of European transport
corridors defined at the 2nd Pan-European conference of ministers of
transport. In Slovakia, the Hencnava tunnel is part of rail corridor
No. V (Bratislava — Zilina — Cierna nad Tisou) and is located on the
Liptovsky Mikula$ — Poprad Tatry track section. The purpose of the
project is to upgrade the technical infrastructure to reach European
parameters according to international agreements (the European
Agreement on Main International Railway Lines — AGC; the
European Agreement on Important International Combined Transport
Lines and Related Installations - AGTC). With respect to the dissec-
ted character of the area surface, it is not possible to achieve the requ-
ired parameters in the area of operations without tunnels.

The area of operations on the corridor route of the new railway
track in the railway station Strba section, concretely in the
Hencnava tunnel location, is found in the self-governing region of
Zilina, the district of Liptovsky Mikulas, cadastral district of Vazec.

The tunnel route is led through a non-build-up area. In the east, it
leaves the Biely Vah River valley and enters the Hencnava tunnel
on a mild left-hand curve (the tunnel entrance portal) at chaina-
ge km 220.940598 to overcome the obstacle formed by Hencnava
hill (about 881 m a.s.l.). The route exits the tunnel (the tunnel exit
portal) and continues to Vazec intermediate station. The total tunnel
length on its axis is 1060 m. The tunnel is designed as a double-
track structure. The Hencnava tunnel overburden height reaches
about 4 to 35 m. The tunnel layout is presented in Fig. 1.

The tunnel overburden is formed by claystone with various degre-
es of weathering, which were categorised as class R3 in locations
with the highest overburden and R3 to R4 closer to the surface; the
surface overburden layers are formed by soils. Because of poor geo-
logical conditions and the low over-
burden, the original solution in the
zoning process documents to the
escape route by an escape gallery
was changed to an escape shaft in
the final design.

The escape shaft is being designed
in a way guaranteeing that the maxi-
mum spacing of escape exits is 1000
m, in accordance with the “Tech-
nical Specification for Interopera-
bility — Safety in Railway Tunnels
[TSI (SRT) (2008/163/ES)]*“. The
entrances to the escape shaft are
located approximately in the middle
of the tunnel.

VaZec

2 TECHNICAL SOLUTION
TO THE ESCAPE ROUTE
— THE LAYOUT AND LINING

The access to the escape shaft is

Obr. 1 Situdcia tunela
Fig. I Tunnel layout

designed through two independent




Legenda / LEGEND:

1. Pristupova $tolha ,A“ / Access gallery ,A*

2. Pristupova $tolfa ,B* / Access gallery ,B*

3. Spojovacia §tdlfna / Interconnecting gallery

4. Tunelova rdra / Tunnel tube

5. Ohnovzdorné priecky / Fire resistant dividing walls
6. Unikové $achta / Escape shaft

Obr. 2 Situdcia prepojenia tinikovej Sachty s tunelom
Fig. 2 Layout of the interconnection between the escape shaft and the tunnel

Unikova Sachta je navrhovand tak, aby sa dodrzala maximalna
vzdialenost’tinikovych vychodov 1000 m, podla predpisu ,, Technické
Specifikdcie interoperability/Bezpecnost'v Zeleznicnych tuneloch [TSI
(SRT) (2008/163/ES)]“. Vstupy do unikovej Sachty sa nachddzaji
pribliZzne v polovici diiky tunela.

2 TECHNICKE RIESENIE
UNIKOVEJ CESTY - DISPOZICIA, OSTENIE

Do unikovej Sachty je navrhnuty pristup cez dve nezavislé pristu-
pové §tolne. Jeden pristup sliZzi na tnik osob z tunela, druhy pristup
sliZi na pristup zdchrannych zloZiek do tunela. Vyska od spodnej po
vrchnid droven Sachty je 35,04 m. Pristupové §tolne Sachty si kolmé
na os tunela a nachadzaji sa v tunelovych blokoch 55 (Stdlna ,,A“)
a 56 (Stolna ,,B*). Os dnikovej Sachty sa pretina s osou §t6lne ,,B* vo
vzdialenosti 10,3 m od vniitornej hrany tunelového ostenia. Stoliia
»A“ a §tdlna ,,B* budi prepojené prepojovacou Stoliiou. Os prepojo-
vacej $tdlne sa pretina s osou obidvoch pristupovych $tdlni vo vzdia-
lenosti 17,3485 m od vnitornej hrany tunelového ostenia. Sachta je
vybavena evakua¢nym vytahom s rozmermi kabiny 1200x2300 mm.
Sirka tinikového schodiska je 1200 mm. Trasa pre tinik 0s6b z tunela
prechddza Stdlnou ,,A“, prepojovacou §tolnou a Castou Stolne ,,B*
(ktoré zéroven sliZia aj ako zhromaZdovaci priestor) na evakuacné
schodisko v tinikovej Sachte. Trasa pre pristup zdchrannych zloziek je
smeruje od vytahu v dnikovej Sachte cez §tolnu ,,B* priamo do tune-
la. Situdcia prepojenia tunelovej riry s tnikovou Sachtou je zobraze-
nd na obr. 2. Zvisly rez Sachtou s priecnym prepojenim s tunelom sa
nachddza na obr. 3.

Trasa tnikovych ciest z inikovej Sachty do tunelovej riry cez pri-
stupové §tolne a spojovaciu §tolnu je v celej dizke klesajuca.

Priechodny prierez pristupovych §tolni je navrhnuty tak, ako ho
definuje TSI (SRT) s minimdlnym prejazdnym profilom 2,25x2,25 m
v prepojovacej $tdlni a 4,3x2,25 m v pristupovych s§tolnach. Svetly
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access galleries. One access is designed for the escape of people
from the tunnel, whilst the other is for the access of rescue teams
into the tunnel. The height from the bottom to the top of the shaft is
35.04 m. The shaft access galleries are perpendicular to the tunnel
axis. They are located in tunnel blocks No. 55 (gallery “A”) and No.
56 (gallery “B”). The escape shaft axis intersects with the “B” gal-
lery axis at the distance of 10.3 m from the inner edge of the tunnel
lining. Gallery ,,A* and gallery ,,B*“ will be interconnected by
a connecting gallery. The axis of the interconnecting gallery inter-
sects with the axes of both access galleries at the distance of
17.3485 m from the inner edge of the tunnel lining. The shaft is equ-
ipped with an evacuation lift with the cabin dimensions of 1200 x
2300 mm. The escape staircase is 1200 mm wide. The route for the
escape of people from the tunnel runs through gallery ,,A“, the con-
necting gallery and a part of gallery ,.B* (which at the same time
serve as a gathering space) and the evacuation staircase in the esca-
pe shaft. The access route for rescue teams leads from the lift in the
escape shaft through gallery ,,B*, directly to the tunnel. The layout
of the interconnection of the tunnel tube with the escape shaft is
shown in Fig. 2. The vertical section through the shaft and the trans-
verse interconnection with the tunnel is presented in Fig. 3.

The alignment of the escape routes from the escape shaft to the
tunnel tube through the access galleries and the interconnecting gal-
lery is on a down gradient throughout its length.

The clearance profile of the access galleries for the passage of
persons is designed as defined by the TSI (SRT), with the minimum
clearance profile of 2.25 x 2.25 m in the interconnecting gallery and
4.3 x 2.25 m in the access galleries. The net profile of the interconne-
cting gallery is about 7.8 m2; in the access galleries it is 1543 m2.
The net diameter of the escape shaft is 5.8 m; the net cross-sectional
area is 26.41 m2. The minimum escape route width is 1.2 m.

The escape shaft will be provided with a double-shell lining. The
net diameter of the shaft will be 5.8 m.

The primary lining of the upper part of the shaft will be formed
by 14 m long, 300 mm-diameter, C25/30 reinforced concrete secant
bored piles spaced at 270 mm

The deep part of the shaft will be stabilised during the excavati-
on by a 100 mm thick layer of shotcrete reinforced with one layer
of welded mesh with the diameters of rods of § mm /8 mm and the
spacing of rods of 150 mm / 150 mm.

The secondary lining will be formed by a 150 mm thick layer of
C25/30 concrete.

A2 mm thick PE or PVC or polyolefin waterproofing membrane
will be between the primary and secondary linings of the shaft and
galleries. The membrane will be mechanically anchored to the pri-
mary lining. The drainage and protective functions of the waterpro-
ofing will be fulfilled by 500 g/m?2 geotextile.

Dividing walls in the access galleries are designed in cast-in-situ
reinforced concrete, 100 mm or 250 mm thick. The dividing walls
will be provided with paint coating; the coating has to meet water
resistance, vapour permeability and washability criteria.

The dividing walls separating the tunnel tube from the access gal-
leries will be 250 mm thick, fire resistant, built from refractory
bricks.

3 SERVICE HOUSE AT THE ESCAPE GALLERY — CONCEPT

The end of the Hencnava tunnel escape shaft is found in a service
house. The house is conceptually designed as a concrete cylinder
covered with soil and subsequently provided with green facing in the
form of low vegetation. In the ground plan, the axes of two archi-
tectural concrete retaining walls forming a 90-degree angle intersect
in the centre of this cylinder. A ventilation stack with air supply posi-
tive pressure dampers are installed on the top of the covered-over
structure. The effect of the overall look is to be unobtrusive, without
disturbing the surrounding environment (see Fig. 4).

Water from the embankment around the structure will be evacuated
by drainage. A compacted clay layer separated from the gravel-sand
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prierez spojovacej §tolne je cca 7,8 m2, pri pri-
stupovych §tolnach je to 15,43 m2. Svetly prie-
mer Unikovej Sachty je 5.8 m, svetly prierez
2641 m2. Sirka unikovej cesty je min. 1,2 m.

Unikovi $achta bude mat’ dvojvrstvové oste-
nie. Svetly priemer Sachty bude 5.8 m.

Primdrne ostenie povrchovej Casti Sachty
bude tvorené z prerezdvanych Zelezobeténo-
vych pilét priemeru 300 mm v osovej vzdiale-
nosti 270 mm diiky 14 m z beténu C25/30.

Hibinna Cast Sachty bude pocas hibenia stabi-
lizovand striekanym beténom hr. 100 mm vystu-
Zenym 1 vrstvou ocelovych sieti, priemer pritov
8mm/8mm, rozstup pritov 150mm/150mm.

Sekunddrne ostenie bude tvorené beténom
C25/30 hrdbky 150 mm.

Medzi primdrnym a sekunddrnym ostenim
Sachty a S$toInf bude plo$nd foliovd hydroizola-
cia hribky min. 2 mm na béze PE alebo PVC
alebo polyolefinu. Félia bude mechanicky kot-
vend do primdrneho ostenia. DrendZnu
a ochranni funkciu hydroizoldcie bude plnit
geotextilia s plosnou hmotnostou 500 g/m?2.

Deliace prie¢ky v pristupovych Stélnach sd
navrhnuté z monolitického Zelezobeténu hrib-
ky 100, resp. 250 mm. Ako povrchova dprava
prie¢ok budud pouzité natery, ktoré musia spiﬁat’
kritérid na odolnostproti vode, paropriepustnost
a umyvatelnost’

Priecky oddelujiice tunelovi riru od pristu-
povych §tolni budd ohnovzdorné, murované zo
Samotovych tehdl, hribky 250 mm.

Legenda / LEGEND:

A. Vystupné podlazie / Exit floor

B. Z&padny oporny mur / Western retaining wall

C. Pdvodny terén / Original terrain

D. Odvod vzduchu / Air exhaust

E. Prisyp technologického doméeku / Embankment on the service house

F. Primarne ostenie hornej asti Unikovej Sachty — podzemna stena z prerezavanym Zelezobeténovych pilét
Primary lining of the upper part of the escape shaft —secant reinforced concrete pile diaphragm wall

G. Tunelova rdra / Tunnel tube

H. Pristupova $télna ,B“ / Access gallery B

. Ohrovzdorné priecka / Fire resistant dividing wall

3 TECHNOLOGICKY DOMCEK
PRI UNIKOVEJ SACHTE — KONCEPCIA

Unikov4 $achta tunela Hencnava tsti do technologického domée-
ka. Koncepcéne je navrhnuty ako beténovy valec obsypany zeminou
a dodatoCne zazelenany nizkou vegeticiou. Dva oporné muiry
z pohladového beténu zvierajice 90° uhol sa v pddoryse osovo stre-
tdvaji v strede tohto valca. Na vrchole zasypaného objektu sa
nachddza vzduchotechnicky komin s pretlakovymi klapkami pre pri-
vod vzduchu. Celkovy vyraz md posobit’ nevtieravo bez nardSania
okolitého prostredia (obr. 4).

Z4asypy okolo objektu budid odvodnené drendZou. Pod drendZou
bude zhutnend flova vrstva oddelend od Strkopieskovych ndsypov
geotextiliou. Po obvode ochrannej primurovky (extrudovany polys-
tyrén hr. 100 mm) bude drendzna félia NOP. NajvrchnejSia vrstva
zasypu je tvorend podnym substratom.

Podorysna dispozicia technologického domceka sa da rozdelit’ na
dve Casti: priestor pre tnik 0sob (vystupnd podesta tinikového scho-
diska a dnikové zadverie) a evakua¢ny vytah so zadverim pre zdsa-
hové jednotky (obr. 5). Zasahové jednotky a unikajice osoby maji
k dispozicii spevnent plochu s rozlohou 500 m2 a zatrdvnent plochu
pre pristavanie helikoptéry s polomerom 10 m.

4 VYBAVENIE UNIKOVEJ CESTY (VETRANIE A VYTAH)

Vetranie Unikovej cesty

Unikovi Sachta je v smere od tunelovej riiry po vyustenie Sachty na
povrch tvorend poZiarnou predsiefiou dlzky 5 m (dalej ,,.D*)
a zdsahovou poZiarnou predsienou (d’alej ,.B), samotnou Sachtou
(,C“, tvorend je schodiskom, vytahovou Sachtou a priestorom pre
vedenie vzduchotechnickych potrubi) a na povrchu vstupnym zadve-
rim (v technologickom domceku).

Vetranie tnikovej §tdlne zabezpe¢i dvojica ventildtorovych zostdv,
z ktorych je jedna zdloZnd. Kazdd ventildtorovd zostava je tvorend
sacou dyzou s mrezou, ktorou sa nasdva vonkajsi vzduch ventilatorom,

Obr. 3 Zvisly rez uinikovou Sachtou — pohlad v smere stanicenia tunela
Fig. 3 Vertical section through escape shaft — viewed in the direction of the tunnel chainage

embankment material by geotextile will be under the drainage.
Dimpled sheet membrane NOP will be applied around the circumfe-
rence of a protective retention wall (extruded polystyrene 100 mm
thick). The top layer of the embankment is formed by soil substrate.

The service house ground plan layout can be divided into two
parts: the space for escaping persons (exit landing of the escape sta-
ircase and escape vestibule) and the evacuation lift with a vestibule
for intervention forces (see Fig. 5). Intervention forces and escaping
persons have a 500 m2 paved area and a 10 m-diameter grassed area
allowing landing of helicopters.

4 ESCAPE ROUTE EQUIPMENT (VENTILATION AND A LIFT)

Escape route ventilation

The escape shaft consists (in the direction from the tunnel tube to
the shaft end on the surface) of a 5 m long fire protection lobby
(hereinafter referred to as “D”) and a fire service intervention lobby
(hereinafter referred to as “B”), the shaft itself (“C”, consisting of
a staircase, lift shaft and a space for ventilation tubes) and the ent-
rance lobby on the surface (in the service house).

The ventilation of the escape gallery will be secured by a pair of
ventilation assemblies, one of which is for stand-by purposes. Each
of the ventilation assemblies comprises a suction nozzle with a grid,
through which ambient air is sucked by a fan, and an electrically
controlled regulation and closing damper. Both assemblies are
installed in the escape lobby and are connected to a common tube
running through the space above the bottom of the escape shaft. The
fresh air is supplied at the rate ranging from 20,140 to 20,400 m3/h
to the bottom part of the shaft through outlets for circular tubes and
through a circular pipeline terminated by diffusers.

This fresh air further passes through regulation dampers (with the
pressure loss of about 45 Pa at the maximum flow rate) in the walls




of the ,,D* and ,,B“. From this point, the air flows
through an exhaust pipeline installed in the escape
shaft, through diffusers with a grid to the exterior or
to the tunnel tube when the door from the tunnel tube
is open. A positive pressure damper with the opening
positive pressure of 54 Pa is installed in the upper
part of the shaft in the direction of the exterior. It will
ensure the required positive pressure in the escape
shaft and will release part of the exhausted air to the
exterior. The proper regulation of the tube network is
achieved by setting of regulation dampers, which

Obr. 4 Technologicky domcek pri tinikovej Sachte
Fig. 4 Service house on the escape shaft

dalej elektricky ovlddanou regulatnou a uzatvdracou tesnou klapkou.
Obe zostavy st umiestnené v tinikovom zadverf a si zaustené do spo-
lo¢ného potrubia, ktoré je vedené priestorom unikovej Sachty nadol.
Cez vyustky pre kruhové potrubie a diftizormi zakonCené kruhové
potrubie sa Cerstvy vzduch privadza hlavne do dolnej Casti Sachty
v mnozstve 20 140 a7z 20 400 m3/h.

Tento Cerstvy vzduch dalej prechddza cez regulaéné klapky
(s tlakovou stratou pri max. prietoku cca 45 Pa) v stene do ,,D* a,,B.
Qdtial sa vzduch dostiva bud odvodnym potrubim vedenym tniko-
vou Sachtou cez difizor s mriezkou do exteriéru, alebo pri otvoreni
dveri z tunelovej riry pridi vzduch do tunelovej riry. Vo vrchnej
Casti Sachty smerom do exteriéru je inStalovand pretlakovd klapka
s otvdracim pretlakom 54 Pa, ktord zaisti pozadovany pretlak
v unikovej Sachte a prepusti Cast’ odvddzaného vzduchu von.
Vyregulovanie potrubnej siete sa dosiahne nastavenim regulacnych
klapiek, ktoré budu na tento tcel zabudované do potrubia (obr. 6).

will be incorporated for this purpose into the pipeli-

ne (see Fig. 6).

The above-mentioned solution meets basic conditi-
ons set by the fire protection designer:

1. The positive pressure in both fire protection lobbies shall be
higher by 0.8 to 46 Pa than the positive pressure in the tunnel
tube and the positive pressure in the escape shaft will be hig-
her by 12 to 45 Pa than the pressure in the ,,D* and ,,B*.

2. The force needed for opening the door from the tunnel to the
fire protection lobby shall not exceed 100 kN (assuming that
the self-closing device is unblocked after depressing the panic
door bar on the fire resisting door!!). The same opening force
limit applies to the door from the escape shaft to the “D” (the
self-closing device can be set at up to 50 N in this case). The
solution allows for extremes in the differences between the
pressures induced by differences in temperatures or by a gust
of wind, permitting that the force of 100 N will be exceeded
when the negative pressure in the tunnel exceeds the atmosp-
heric pressure by more than 35 Pa.

3. The velocity of air flow heading against the movement of

escaping persons when the door from the

tunnel opens shall exceed 0.75 m/s.

LEGENDA / LEGEND:

1. Vystupna podesta / Exit floor

2. Evakuacny vytah / Evacuation lift

3. Unikové zadverie / Escape lobby

4. Z&dverie pre zasahoveé jednotky / Lobby for intervention forces
5. Vychodny oporny mir / Eastern retaining wall

6. Zapadny oporny mur / Western retaining wall

7. Privod vzduchu / Air supply

8. Odvod vzduchu / Air exhaust

9. Zasypova zemina / Embankment soil

Ventilation of the entire space of the esca-
pe shaft and fire protection lobbies against
the direction of the movement of escaping
persons. Air exchange 15 times per hour —
related to the whole volume, with the air
exchange rate increasing in the direction of
the tunnel to approximately 50 times per
hour in the “D”.

The following operating states are assumed:

— Operating ventilation

— Fire ventilation when the escape exit

door is closed

— Fire ventilation when the escape exit

door is open

The following two conditions of the fire
ventilation design must be respected:

Necessary condition 1: The self-closing
device must be unblocked after the panic
hardware on the fire resistant door is
depressed!!

Necessary condition 2: Doors D1, D2, D3
and D4 must not be opened at the same
moment so that the development of an air
flow path from the tunnel tube through the
escape shaft out and the development of
the chimney effect are prevented (this
chimney effect must not be neglected or
underestimated; a difference in temperatu-
res te=-25 °C, tj=+10 °C creates a pressure
difference of 64 Pa, which would nearly eli-
minate the emergency ventilation system).

Lift

Obr. 5 Péodorys technologického domceka
Fig. 5 Service house ground plan

The lift in the newly built shaft is
a personnel evacuation lift with the capacity
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Uvedené rieSenie spifia zdkladné podmienky
dané projektantom poZziarnej ochrany o:

1. Pretlak v oboch poZziarnych predsienach
bude vyssi ako pretlak v tunelovej rire
0 0,8 a7 46 Pa a pretlak v tnikovej Sachte
bude vyssi o 12 a7z 45 Pa ako v ,,.D“ a ,,B.

2. Sila potrebnd na otvorenie dveri z tunela
do poZziarnej predsiene nepresiahne 100 N
(za predpokladu, Ze po zatlaceni paniko-
vého kovania poZiarnych dveri sa musi
odblokovat’ samozatvarac!!), ten isty limit
otvdracej sily plati aj pre dvere z tnikove;j
Sachty do ,,.D* (tu mdZze byt samozatvara¢
do 50 N). Riesenie pocita s extrémami
rozdielu tlaku vyvolanymi rozdielom tep-
16t a ndporom vetra tak, Ze sila 100 N bude
prekrocend ak podtlak v tunelovej rire
atmosférickému tlaku.

3.Rychlost’ vzduchu smerujiceho proti
pohybu unikajicich os6b pri otvoreni
dveri z tunela do poZiarnej predsiene bude
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Prevetrdvanie celého priestoru tdnikovej

Sachty a poZiarnych predsieni proti smeru ; = ‘

pohybu unikajicich 0s6b. Vymena 15x/h —
vztiahnuté na cely objem, pricom v smere
k tunelu sa vymena vzduchu zvidcSuje na cca
50x v ,,.D*.

Uvazuje sa s nasledujicimi prevadzkovymi
stavmi:

— prevadzkové vetranie,

— poziarne vetranie pri zatvorenych dverach

unikového vychodu,

— poZiarne vetranie pri otvorenych dverdch

unikového vychodu.

Je potrebné respektovat’ dve nutné podmien-
ky navrhu poZziarneho vetrania:

Nutnd podmienka 1: Po zatlaCeni panikové-
ho kovania poZiarnych dverf sa musi odbloko-
vat’ samozatvarac!!

Nutnd podmienka 2: Dvere D1, D2, D3, D4
nesmu byt otvorené naraz, otvaranie dvier je

:i:lin'l I_.'ﬂ_'h
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1.1 - Elektrodesign TCBT/4-710H / Electrical design TCBT/4-710H

1.2 — Sacia dyza s mriezkou / Suction nozzle with a grid

1.3 - Diftzor s mriezkou / Diffuser with a grid

1.4 — Pretlakova klapka s nastavitelnym otvaracim pretlakom Systemair ORV-T-63x560-40 Pa / Systematic ORV-
T-63x560-40Pa adjustable positive pressure damper

1.5 — Regulacna a uzatvaracia tesna kruhova klapka @800 so servopohonom (oviada MaR) / Tight circular dam-
per @800 regulation and closing with an actuating mechanism (controlled by the Measurement and
Regulation system)

1.6 — Regulacna klapka 355x800, nast. 45 Pa/10250 m3/h / Regulation damper 355x800, set at 45Pa/10250m3/h

1.7 — Regulacna kruhova klapka @710 / Circular regulation damper @710

1.8 — Regulacnd kruhova klapka @800 / Circular regulation damper @800

1.9 - Regulatna a uzatvaracia tesna kruhova klapka @800 so servopohonom (ovlada MaR) / Tight circular regu-
lation and closing damper @800 with the actuating mechanism (controlled by the Measurement and
Regulation system)

A —Tunelova rura / A — Tunnel tube

B — Poziarna predsien zasahova / B - Fire service lobby for intervention forces
C - Unikové $achta / C - Escape shaft

D - Poziarna predsieri / D — Fire protection lobby

nutné blokovat'tak, aby nevznikla cesta pride-
nia vzduchu z tunelovej riry cez tnikovu Sach-
tu von a prejavil sa kominovy efekt. (Tento
kominovy efekt nie je moZné zanedbat ani pod-
cenit, rozdiel tepldt te= —25 °C, ti= +10 °C vytvori tlakovy rozdiel
64 Pa, Co by takmer eliminovalo havarijné vetranie.)

Vytah

Vytah v novopostavenej Sachte je osobny evakuacny elektricky
vytah s nosnostou 1275 kg/17 osdb. Ma 5 stanic pri dopravnom zdvi-
hu 35,04 m, dopravna rychlost’je 1,6 ms-1.

Koncepcia pohonu vytahu je navrhnutd s bezprevodovym vytaho-
vym strojom riadenym frekvencne, umiestnenym priamo v Sachte
v jej hornej Casti.

Sachta vytahu je Zelezobeténovej konstrukcie. V pddoryse mé
svetlé rozmery $xh 2000x2910 mm. Rozmery Sachty musia byt' vyho-
tovené vo zvislici s toleranciou +25 mm na kazdu stenu. Priehlben je
hlbokd 1550 mm. Pristup na podlahu priehlbne je rebrikom upevne-
nym o bo¢ni stenu Sachty (doddvka vytahu). Hlava Sachty je vysoka
4000 mm. V jej strope si podla dispozi¢ného vykresu umiestnené
montdzne okd s udanou certifikovanou tinosnostou. Tieto okd majd
vndtorny priemer min. @50 mm.

Sachtové dvere st automatické dvojdielne stranové so Sirokou
zéarubnou. Maji rozmery 1100x2000 mm. Dvere st s poZiarnou odol-
nostou EW60. Vytah md hlavny vypina¢ umiestneny v paneli

Obr. 6 Schéma poZiarneho vetrania pri otvorenych dverdch iinikového vychodu
Fig. 6 Fire ventilation chart for the escape exit door open

of 1275 kg / 17 persons. It has 5 stations, the lifting height is
35.04 m and the transport speed is 1.6 ms!.

The lift drive concept is that of a frequency-controlled transmis-
sion-less lift machine installed directly in the shaft, in its upper part.

The lift shaft is a reinforced concrete structure. Net ground-plan
dimensions of the shaft are 2000 mm wide x 2910 mm deep. The
shaft dimensions must comply with the requirements for the verti-
cal tolerance of +25 mm on both sides. The shaft pit is 1550 mm
deep. The access to the shaft pit bottom is on a ladder fixed to the
side wall of the shaft (supplied together with the lift). The shaft head
is 4000 mm high. According to the layout drawing, certified load-
carrying capacity assembly hooks are installed in the shaft ceiling.
The minimum inner diameter of the hooks is @50 mm.

Shaft doors are automatic, with one panel on either side, with
a wide door frame. Their dimensions are 1100x2000 mm. The fire
resistance rating of the doors is EW60. The main lift switch is instal-
led on D-MAP panel, which is located on the door frame in the hig-
hest station. This panel contains all control elements required for
a service intervention. The 200 Ix intensity illumination (measured
on the floor) is installed in front of the panel. At the same time there
is a 500 mm wide and 700 mm deep free space for service purposes




D-MAP, ktory je umiestneny na zdrubni dveri v najvysSej stanici.
Tento panel obsahuje vSetky ovlddacie prvky nutné pre servisny
zasah. Pred tymto panelom je osvetlenie intenzity min. 200 1x, mera-
né na podlahe. Zdroven je pred nim volny obsluzny priestor, Siroky
500 mm a hlboky 700 mm. ZvySok riadenia ma vytah umiestneny
v samostatnom rozvadzaci (SEP-panel), ktory je umiestneny na vodi-
dle klietky v hornej Casti Sachty. Preto je vZdy hlava Sachty (od pod-
lahy najvyssej stanice po strop Sachty) povazovand za strojoviu a je
osvetlend intenzitou min. 200 1x, meranou v osi Sachty. V inych mies-
tach Sachty stacf intenzita osvetlenia 50 Ix, merand v jej osi. Vypinac
osvetlenia Sachty je dosiahnutelny z otvorenych Sachtovych dveri
v najvyssej a v najnizSej stanici a si navzdjom zviazané.

V priehlbni je zdsuvka 230V 50Hz. Osvetlenie Sachty s vypina¢mi
a istenim je doddvkou vytahu. Vytah md zariadenie, umoznujice
obojstrannud hlasovi komunikdciu so stdlou vyslobodzovacou sluz-
bou. Pod vytahovou Sachtou nie su Ziadne priestory, v Sachte nie su
Ziadne zariadenia ani elektrické vedenia, ktoré nesuvisia s prevadz-
kou vytahu.

Kabina vytahu je priechodnd, v pddoryse ma svetlé rozmery
1200x2300x2200 mm. Kabinové dvere st tiez automatické dvojdiel-
ne stranové o rozmeroch 1100x2000 mm. Kabina mdZze byt vybave-
nd pre osoby s obmedzenou schopnostou pohybu a orientécie.
V kabine je centrdlny ovlddaci panel (COP), v ktorom st blokované
tlacidla stanic 1, 2, 3 a aktivne st iba tlacidld pre stanice 0 a 4. Sach-
tové dvere v blokovanych staniciach slizia ako nidzové dvere, aby
bola dodrzand norma ,,Bezpecnostné pravidld na konStrukciu
a montdz vytahov. Cast’ 1: Elektrické vytahy (Konsolidovany text)
(STN EN81-1+A3)“, €. 5.2.2.1.2 o maximdlnych medzipodlaZnych
vzdialenostiach.

Riadenie vytahu je obojsmerné zberné FC.

Zvldstna vybava vytahu:

1. bezhalogénova kabeldz,

2. poklop na streche kabiny 500x700 mm,

3. kontakty pre napojenie na elektronicki poziarnu signalizaciu

(EPS),

4. kontakty pre napojenie na ndhradny zdroj (ndhradny zdroj nie je

dodédvkou vytahu),

5. kli¢ovy ovladac v COP pre aktivdciu poZiarnej jazdy.

Fungovanie vytahu v pripade vyhldsenia evakudcie:

1. Vytah dostane z EPS informaciu o existencii rezimu evakudcie.

2. Vytah pride bez zastavenia do hlavného podlazia, ak ide prave
tym smerom, otvori dvere a akd na osobu, ktord bude riadit'eva-
kudciu. Ak prave ide opanym smerom, zastavi v najblizSej sta-
nici, dvere neotvori, ale oto¢i smer pohybu a bez zastavenia
pride do hlavného podlazia, otvori dvere a ¢akd na osobu, ktorad
bude riadit’ evakudciu.

3. Osoba, ktord riadi evakudciu, zasunie klii¢ do ovladaca v COP,
otoci ho a tym aktivuje poziarnu jazdu. Pocas aktivneho rezimu
poZziarnej jazdy sa da vytah ovladat’iba z kabiny, v ndstupiskdch
st privoldvacie tlacidla nefunk¢né.

4. Ak vytah nedostane signél z EPS, bude fungovat’ v normal-
nom rezime. Vytah splina poziadavky Nariadenia vlady SR
¢. 571/2001 Z. z., ktorym sa ustanovuji podrobnosti o tech-
nickych poZiadavkdch na vyrobky a postupoch posudzovania
zhody na vytahy. Pri jeho konstrukcii sa vychadzalo z STN EN
81-1+A3.

INQ. JAN BOLVTVAN, boltvan@reming.sk,
ING.ARCH. ROBERT MRSTICA, mrstica@reming sk,
REMING CONSULT, a. s.

Recenzoval: Ing. Miloslav Frankovsky
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in front of the panel. Remaining lift equipment is located on an inde-
pendent switchboard (SEP-panel), which is installed in the upper
part of the shaft, on the cabin guide rail. For that reason the lift shaft
head (from the highest station floor to the shaft ceiling) is always
considered to be the machine room and is illuminated by the inten-
sity of 200 Ix (measured on the shaft axis). The illumination intensi-
ty of 50 Ix is sufficient for other shaft places (measured on the shaft
axis). The shaft lighting switches are reachable from open lift door
in the highest and lowest stations; they are interrelated with each
other.

There is a 230V 50Hz socket in the shaft pit. The shaft lighting
with the switches and circuit breakers are parts of the lift supply.
The lift is equipped with a facility allowing two-way audio com-
munication with the permanent entrapment rescue service. There
are no spaces and no equipment or power lines not relating to the
lift operation under the lift shaft.

The lift cabin is in the passable variant; the net dimensions are
1200x2300x2200 mm. The 1100x2000 mm double-sided sliding
doors are also automatic. The cabin can be equipped for reduced
mobility or orientation ability persons. There is a central control
panel in the cabin with station buttons 1, 2 and 3 blocked and only
buttons for stations 0 and 4 active. The shaft doors at the blocked
stations serve as emergency doors so that the requirements of the
standard “Safety regulations on the structure and assembly of lifts,
Part 1: Electrical lifts (Consolidated text) (STN EN81-1+A3)” on
the maximum distances between floors in adhered to.

The lift control is by the full collective (FC) system.

Special lift equipment:

1. Halogen-free cabling

2. A cover 500x700 mm on the cabin roof

3. Contacts for connecting to the fire alarm and detection system

4. Contacts for connecting to emergency power supply (the emer-

gency power supply system is not part of the lift supply)

5. Keyed control access in the COP for the activation of a fire ser-

vice travel.

Elevator functioning in the case of the tunnel evacuation:

1. The lift receives information on the existence of the evacuati-
on regime from the fire alarm and detection system

2. The lift arrives without stopping from the main floor if it is just
travelling in the correct direction, opens the door and waits for
the person which will manage the evacuation. If it is just tra-
velling in the opposite direction, it stops at the closest station;
and, without opening the door switches the direction of travel
and proceeds without stopping to the main floor, opens the door
and waits for the person which will manage the evacuation.

3. The person managing the evacuation inserts the key into the
COP panel, turns it to activate the fire service travel. During
the active fire service travel the lift can be controlled only from
the cabin and the calling buttons on the platforms are inope-
rable.

4. 1If the lift does not receive the signal from the fire alarm and
detection system, it will work in the normal regime. The lift
meets requirements of the Slovak Government Decree No.
571/2001 Coll. establishing the particulars of technical require-
ments for products and procedures of assessing conformance for
lifts. Its design was based on the STN EN 81-1+A3 standard.

ING. JAN BOLTVAN , boltvan@reming.sk,
ING.ARCH. ROBERT MRSTICA, mrstica@reming sk,
REMING CONSULT, a. s.
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ZKUSENOSTI Z PROJEKTOVANI A VYSTAVBY RAZENYCH STANIC
PRODLOUZENI TRASY A PRAZSKEHO METRA

EXPERIENCE FROM DESIGNING THE CONSTRUCTION OF MINED
STATIONS ON AN EXTENSION OF PRAGUE METRO LINE A.

JIRIRUZICKA

ovob

Koncem roku 2009 byla zahdjena vystavba V. provozniho
dseku trasy A prazského metra. Tento provozni usek délky
6134 m m4 4 stanice, z nich 3 stanice jsou razené. Koncova sta-
nice Motol je hloubend stanice jen CdsteCné zapusSténd pod
terén a prosklenym obloukovym zastfeSenim ma prostor nastu-
pisté prirozené denni osvétleni. Vratme se ale k razenym stani-
cim. V soucasné dobé jsou dokonceny razby obou jednolodnich
stanic Petfiny a éerveny Vrch a provadi se betonaz definitivni-
ho osténi. Trojlodni stanice Veleslavin md vyrazeny bo¢ni sta-
ni¢ni tunely a je v nich vybetonovéno definitivni osténi. To byl
predpoklad pro néslednou razbu stfedniho stani¢niho tunelu,
kterd se nyni provadi. Realizace této vyznamné stavby jiz
pokrocila tak daleko, Ze je mozné z pohledu projektanta porov-
nat predpoklady ndvrhu technického feSeni obsaZenych
v zaddvaci dokumentaci stavby s technickym feSenim realizac-
ni dokumentace a upozornit na nékteré zajimavosti z vlastni
realizace.

JEDNOLODNI STANICE PETRINY

Jednolodni razend stanice Petfiny md délku 217 m. Plocha
pri¢ného profilu vyrubu je 256 m2, priCemz Sitka vyrubu je
22 m a max. vySka v ose tunelu je 15,5 m. V kratkém useku
dlouhém 34,5 m je profil stani¢niho tunelu zvysen o 1,5 m. Pro
vystavbu této stanice v&etné navazujicich tratovych tunelt
smérem ke stanici Motol byl v Bfevnové vybrdn prostor terén-
ni deprese mezi ulicemi Bélohorskd a Ankarskd, v blizkosti kfi-
zovatky Na Vypichu. Toto misto je pro vystavbu tak rozsihlé
stavby velmi vhodné, protoze diky terénni depresi prekondvaji
pristupovd dila do trasy metra mensi vyskovy rozdil. Rovnéz
velkd vzdalenost od obytné zdstavby eliminuje jakékoliv stiz-
nosti obyvatel na prasnost a hluk v prostoru zafizeni stavenis-
t¢. Piinosem bylo i rozsifeni puvodniho zdboru o plochu
v blizkosti tramvajové smy¢ky pro deponii prstenci montova-
ného osténi jednokolejnych tuneld raZenych EPBS.

Bylo zde moZno rozvinout sjezdovou rampu a pristupovy
tunel pro razbu dvoukolejného tunelu ve sméru ke stanici
Motol, zdzemi pro razbu jednokolejnych tunelu v&etné kruho-
vé Sachty pruméru 20 m, kterd byla vyuZita pro montdZ razicich
Stitt a dopravu montovaného osténi jednokolejnych tunelu.
Vlastni stanice Petfiny méla byt podle zaddvaci dokumentace
raZena z jednokolejnych tratovych tuneld po pfemisténi celého
zdveésu razicich §titu na plochu zafizeni stavenisté E2. To zna-
mena, Ze pred zahdjenim razby stanice by musely byt vyraZeny
oba jednokolejné tratové tunely v délce 1930 m vetné prota-
Zeni rozestavénou stanici Veleslavin v délce cca 200 m.

Predpokladem bylo pouZiti velkokapacitni kolejové dopravy
rubaniny pri raZbé tratovych tuneld.

Zhotovitel po zvdzZeni Casové ndro¢nosti jednotlivych opera-
cf pfi odt€Zovéni rubaniny z tratovych tunelu ve variantdch
kapacitni kolejova doprava nebo pdsova doprava se rozhodl pro
pouziti stroje s odtéZovanim rubaniny pasovou dopravou. Tim
by se naslednd razba stanice znaéné zkomplikovala. Pro bézné

INTRODUCTION

The development of the 5th operating section of the Line A of
Prague metro (metro V.A) started at the end of 2009. This 6134m
long operating section contains 4 stations, 3 of them of the
mined type. Motol station, the terminus, is of the cut-and-cover
type, only partially sunk under the terrain surface. It will have
the platform space illuminated by natural day light owing to the
glazed vaulted roofing. But let us return to mined stations. At the
moment, the excavation for Petfiny and Cerveny Vrch single-
span stations has been finished and the final concrete lining is
being cast in them. As far as Veleslavin triple-span station is
concerned, the driving of side-wall station tunnels has been
finished together with the casting of the final lining. This means
that a precondition for the commencement of the subsequent dri-
ving of the central tunnel, which is currently being carried out,
has been satisfied. The work on this important structure has
advanced that far that it is possible from designer’s perspective
to compare assumptions of proposals to the technical solution
contained in tender documents (the final design) with technical
solutions contained in the detailed design and bring forward
some points of interest from the works realisation itself.

PETRINY SINGLE-SPAN STATION

Petfiny mined single-span station is 217 m long. The excava-
ted cross-sectional area is 256 m2, the excavated opening width
and height on the tunnel centre line are 22 m and 15.5 m, res-
pectively.

The station tunnel profile height is enlarged by 1.5 m within
a short, 34.5 m long section. The space of a terrain depression in
Bievnov, between Bélohorskd and Ankarskd Streets, in the vici-
nity of the Na Vypichu intersection, was selected for the con-
struction of this station and adjacent running tunnels heading
toward Motol station. This location is very suitable for the deve-
lopment of such an extensive construction because of the fact
that access routes to the metro alignment overcome smaller dif-
ferences in levels owing to a terrain depression. In addition, the
great distance from residential buildings eliminates all compla-
ints from residents about dust emission and noise within the con-
struction site area. Another benefit was the expansion of the ori-
ginal land acquisition area by adding an area in the vicinity of
a tram loop to be used for a stockpile for segmental lining rings
for single-track tunnels driven using EPB shields.

It was possible in this location to develop a descending access
ramp and an access tunnel for the driving of the double-track
running tunnel in the direction of Motol station and the operati-
onal hinterland for the excavation of single-track tunnels inclu-
sive of a 20 m-diameter circular shaft, which was used for the
assembly of full-face tunnelling machines and the transport of
lining segments for single-track tunnels. According to the tender
documents, Petfiny station itself was to be driven from single-
track running tunnels after moving the complete tunnelling shi-
eld backup to E2 construction site. It means that the driving of
both 1930 m long single-track running tunnels, including the
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Initial excavation before

pulling of the shields through the about
200 m long Veleslavin station, would

Petfiny station have to be finished prior to the station
e ™ e it S excavation. There was a condition that
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H transport and transport on belt conve-
{ yors — it was decided that machines

with belt conveyors removing the

muck would be used. However, this
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system would have seriously compli-
cated the subsequent underground
excavation of the station. Net profiles
il of the running tunnels are insufficient
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for common transport by trucks and
their use would mean extension of the

Obr. 1 Pudorys rozrdzek pred stanici Petfiny
Fig. 1 Ground plan of opening drifts before Petriny station

pouzivanou dopravu ndkladnimi auty jsou svétlé profily trato-
vych tuneltl nedostate¢né a ve svém dusledku by to znamenalo
prodlouzeni doby vystavby stanice. Z téchto duvodu byl ze
zafizeni stavenis$té v Bfevnové vyraZzen novy pristupovy tunel
délky 343 m zadsteény do stfedniho obratového tunelu stanice
Petfiny. Cdst tohoto tunelu v délce 143 m bude v definitivnim
stavu vyuZivdna pro strojovnu hlavniho vétrdni metra a vétraci
kandl. Tyto technologické prostory mély byt puvodné umistény
vné trasy tunelld. Novd poloha strojovny hlavniho vétran{ je jak
z hlediska vystavby, tak i z hlediska provozu priznivéjsi nez
puvodni poloha. Tim, Ze byl stfedni obratovy tunel raZen
v predstihu, muselo byt primarni osténi navrzeno tak, aby
umoziiovalo ndslednou razbu pfilehlych tratovych tunelt razi-
cimi §tity bez jakychkoli dopliikovych opatreni. Pri realizaci se
prokazalo, 7Ze deformace primarniho osténi obratového tunelu
byly malé. Pfiznivé bylo i to, Ze sekunddrni monolitické osténi
stredniho obratového tunelu bude provddéno s velkym caso-
vym odstupem, kdy bude jiz horninovy masiv v okoli tunelu
zcela stabilizovan. V zaddvaci dokumentaci byl predpoklddan
opacény postup a uvazovalo se s rozeprenim montovaného osté-
ni tratovych tunelu pfi nédsledné razbé stredniho obratového
tunelu. Z dnesniho pohledu je mozno konstatovat, Ze vyse uve-
denou zménou postupu vystavby stanice Petfiny byla doba
potrebna pro realizaci zkracena minimdlné o 1 rok.

Velmi ndroény byl zpusob rozrdZzek pro prechod raZeb ze
stfedniho odstavného tunelu umisténého v ose stanice do boc-
nich vyrubu stani¢nfho tunelu. Bo¢ni vyruby musely umoznit
nésledné protaZeni $titt, zdroven musel byt zachovan profil
budovaného stfedniho obratového tunelu. Diky tomu vznikly
velmi subtilni dé€lici st€ny mezi témito vyruby, které byly na
hrané statické tnosnosti a jen diky velmi priznivym geotech-
nickym parametram kridovych vrstev v nadlozi tunelu
nevznikly Zadné problémy (obr. 1). Z dne$niho pohledu, po
dokonceni raZeb a zhodnoceni jejich Casové naroCnosti, lze
konstatovat, Ze by bylo vhodnéjsi tyto rozplety presunout do
prostoru stani¢niho tunelu a protirazbou je v zavéru praci pri
dokoncovani vyrubu stani¢niho tunelu likvidovat. Je nutné ale
poznamenat, Ze realizované feSeni bylo motivovdno obavou
zhotovitele, Ze nebudou v&as dokon&eny razby bo¢nich vyruba
stani¢niho tunelu pro protaZeni razicich $titd stanici. Tim by se
opozdily razby tratovych tunelti navazujicich na stanici Petfiny.

station construction duration. The sta-

tion was therefore excavated first. For

these reasons a new, 343 m long,
access tunnel was driven from the construction site in
Brevnov. It was connected to the dead-end tail track section of
the central station tunnel of Petfiny station. In the final state,
an about 143 m long section of this tunnel will be used for the
main metro ventilation plant and a ventilation duct.
Originally, these service rooms were to be located outside the
alignment of the tunnels. The new location of the main venti-
lation plant is more advantageous than the original location in
terms of both the construction works and the operation.
Because of the fact that the dead-end tail track section of the
central station tunnel was driven in advance, the primary
lining had to be designed in a way guaranteeing that the sub-
sequent excavation of the adjacent running tunnels by tunnel-
ling shields would be possible without any additional measu-
re. It turned out during the construction that deformations of
the primary lining of the dead-end tail tunnel were small. The
fact that the cast-in-situ secondary lining of the dead-end tail
tunnel was to be installed at a significant time lag, when the
ground mass surrounding the tunnel had been completely sta-
bilised, was also favourable. The tender documents assumed
a reverse process with the bracing of the segmental lining of
running tunnels during the subsequent excavation of the cent-
ral station tunnel. In retrospect, it is possible to state that,
owing to the above-mentioned change in the process of Petfiny
station construction, the time necessary for the realisation was
reduced at least by one year.

Very thin dividing walls therefore originated between the
drifts owing to this system. The walls were at the limit of the
carrying capacity and it was only thanks to very favourable geo-
technical parameters of the Cretaceous strata in the tunnel over-
burden that no problems originated (see Fig.l1). From today’s
perspective, after the completion of the excavation operations
and after assessing their demands for time, it is possible to state
that it would have been more advantageous to shift these wyes
to the area of the station tunnel and liquidate them at the conc-
lusion of the work by means of counter-headings when the stati-
on tunnel excavation was being finished. On the other hand, it
must be stated that the realised solution was motivated by the
construction contractor’s fear that the excavation of the sidewall
drifts for the station tunnel required for the pulling of the tun-
nelling shields through the station would not be completed in
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Obr. 2 Veleslavin — portdl raZené trojlodni stanice
Fig. 2 Veleslavin — portal of the mined triple-span station

V dobé vjezdu §titu do jednolodn{ raZzené stanice Petfiny byly
vyrazeny oba bo¢ni dil¢i vyruby a na zacétku stanice byly tyto
vyruby propojeny do plného jednolodniho profilu na délku cca
20 m. Pro protaZeni §titu stanici bylo nutné v predstihu upravit
&elni sténu pro jejich vjezd, vybudovat luZka pro protazeni boc-
nimi vyruby a vyrazit startovaci komory pro zahdjeni razeb dal-
$iho tratového udseku. Z prostorovych davodu nebylo mozné
v razeném dile pouZit pro start §titu opérny obdélnikovy ocelo-
vy rdm. Misto toho byl ve startovaci komore navrZen kotveny
Zelezobetonovy vénec sprazeny s vnitinim ocelovym pldstém
ve tvaru polygonu. Po zajeti Stitu do komory byly k ocelovému
vénci privareny konzoly podpirajici ocelovy roznéaseci prste-
nec. Ten umoznil opfen{ lisu a dalsi start $titu.

U stanice Petfiny a obdobné i u stanice Cerveny Vrch bylo
nutno vyfresit technicky velmi ndro¢ny uzel pruniku profilu
vytahové Sachty do klenby stani¢niho tunelu. Vytahovd Sachta
této stanice md pudorys ve tvaru elipsy s délkou hlavni poloo-
sy vyrubu 5,5 m a vedlejsi poloosy vyrubu 4,6 m (plocha vyru-
bu je 82,5 m2). Pro porovnani celkovd §itka vyrubu stani¢niho
tunelu je 22 m a $irka otvoru pro vytahovou Sachtu je 9,2 m.
Byl navrzen ndsledujici postup. Nejprve je provadéna betondz
klenby definitivniho ostén{ stani¢niho tunelu tak, aby pracovni
spara mezi pasy byla umisténa priblizné do stfedu budouciho
otvoru v klenbé stani¢niho tunelu. Zaroven se provadi pricné
provizorni rozepreni neuzaviené Casti klenby definitivniho
osténi stani¢niho tunelu v misté budouciho prostupu. Po tech-
nologické pauze potfebné pro vytvrdnuti betonu je mozné
pokracovat ve hloubeni vytahové Sachty. Jako nosnd konstruk-
ce pro ochranny poval na dné vytahové Sachty je vyuZivdno
provizorni rozepreni klenby stani¢niho tunelu. Po dohloubeni

Tuel

time. It would have caused a delay in the excavation of the run-
ning tunnels linking Petfiny station.

At the moment of the arrival of the shields at Petfiny single-
span station, the excavation of both sidewall drifts had been
finished and these drifts were interconnected at the beginning of
the station to form an about 20 m long section with the full sing-
le-span tunnel profile. To allow the pulling of the shields
through the station, it was necessary in advance to adjust the
front wall to the requirements of their passage, to build beds for
the pulling through the sidewall drifts and to excavate launching
chambers for the starting of the excavation of the next track sec-
tion. A rectangular thrust reaction steel frame could not be used
in the completed excavation for the reasons of space. An ancho-
red reinforced concrete collar interlocked with the polygonal
internal steel jacket was designed for the launching chamber.
When the shield had entered the chamber, brackets supporting
the steel pressure-spreading ring were welded to the steel ring. It
provided the reaction for rams and made the re-launching of the
shield possible.

Regarding Petfiny station and Cerveny Vrch station alike, it
was necessary to solve a technically very complicated node
where the lift shaft intersected with the station tunnel vault. The
lift shaft of this station is elliptical in ground plan, with the
transverse semi-major axis and semi-minor axis of the excavated
cross-section 5.5 m and 4.6 m long, respectively (the excavated
cross-sectional area is 82.5 m2). For the purpose of comparison,
the total width of the station tunnel excavated cross-section is
22 m and the width of the opening for the lift shaft is 9.2 m. The
following procedure was proposed: The first operation compri-
ses the casting of the concrete vault of the final lining of the sta-
tion tunnel, with the construction joint between the casting
blocks located approximately in the centre of the future opening
in the station tunnel vault. At the same time, transverse tempo-
rary bracing of the unclosed part of the final station tunnel vault
is installed in the location of the future opening. After the tech-
nological break required for the hardening of concrete is over, it
is possible to proceed with the sinking of the lift shaft. The tem-
porary bracing of the station tunnel vault is used as a carrying
structure for a protective staging at the lift shaft bottom. When
the sinking of the lift shaft is finished, the casting of the final
concrete lining of the shaft is completed and it is possible to
remove the temporary bracing of the station tunnel vault.

VELESLAVIN STATION

This is the only triple-span station on this metro extension line
and, at the same time, the first mined triple-span station ever dri-
ven on Prague metro using the NATM (see Figures 2 and 3). The
structural design was affected first of all by the following fac-
tors: The small height of the overburden and the less favourable

geological conditions; the crossing of the

metro alignment with Evropskd Street, which

= ; PITITTTIST OGS is a very significant arterial transport route in
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Obr. 3 Veleslavin — Fez trojlodni stanici
Fig. 3 Veleslavin — cross-section through the single-span station

triple-span stations and tried to eliminate
restrictions following from the technology of
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: . mpT (ménirna a distribuéni
f trafostanice)
SDT (converting-substation

and distribution-transformer)

the excavation of station tunnels using the Ring
Method.

In stations constructed in the past, the ope-
nings between pylons were initially 3.0 m
wide; later, on other operating metro sections,
their width was enlarged to 3.75 m. As far as
Veleslavin station is concerned, the columns
are spaced 6.0 m on centres and the openings
are 5.2 m wide (the ground plan dimensions of
columns are 0.8 x 0.6 m). The space of the sta-
tion with this large longitudinal spacing of sup-
ports will appear to be free and the station cha-
racter will correspond to cut-and-cover stati-
ons, such as I. P. Pavlova station on the Line C.

The layout of Veleslavin station was princi-
pally changed during the course of the con-
struction works. According to the final design,
the platform was to be located in the mined
part of the station and an equipment and servi-
ces tunnel housing major equipment comple-

Obr. 4 Veleslavin — Fez technologické &dsti stanice

Fig. 4 Veleslavin — cross-section through the equipment and services part of the station

vytahové Sachty se dokonéi betondz definitivniho ostén{ Sachty
a bude mozné odstranit provizorni rozepreni klenby stani¢niho
tunelu.

STANICE VELESLAVIN

Je to jedina trojlodni stanice na této stavbé a zdroven prvni
razend trojlodnf stanice na prazském metru realizovana techno-
logii NRTM (obr. 2, obr. 3). Jeji konstrukéni feSeni ovlivnily
predevsim nasledujici faktory. Mald vyska nadloZi a méné priz-
nivé geologické poméry. Ddle je to kfiZeni trasy metra s velmi
vyznamnou dopravni tepnou Prahy, ulici Evropskou. To vylu-
¢uje moznost realizace hloubené stanice. Ddle to byla snaha
navrhnout dvodni vyruby bo¢nich stani¢nich tunelt dostate¢né
velké, aby umoznovaly nasazeni vykonné razici techniky a také
usnadnily realizaci definitivniho Zelezobetonového osténi viet-
né systému podélnych vnitinich pravlaku a podpor (sloupt
v prostoru ndstupisté a delicich stén v technologické ¢asti sta-
nice). Samozrejme jsme vyuzili i naSe dlouholeté zkuSenosti
z projektovani trojlodnich stanic na prazském metru a snazili se
eliminovat omezeni, kterd vyplyvala z technologie razby sta-
ni¢nich tunelu prstencovou metodou.

U dfive budovanych stanic byly prostupy mezi piliti zpocatku 3
m, pozdéji na dalSich provoznich tsecich metra byly rozsifeny na
3,75 m. Na stanici Veleslavin je osovd vzdélenost sloupt 6 m a §itka
prostupu je 5,2 m (padorysné rozméry sloupt jsou 0,8x0,6 m).
Stanice s takto velkou vzddlenosti podpor v podélném sméru
bude pusobit prostorné a svym charakterem bude odpovidat hlou-
benym stanicim, napf. stanice 1. P. Pavlova na trase C.

V prabéhu realizace bylo dispoziéni feSeni stanice Veleslavin
zdsadné zménéno. Podle zaddvaci dokumentace meélo byt
v razené Cdsti stanice umisténo ndstupisté a na néj navazovat
technologicky tunel s nejvétsimi technologickymi celky, jako
je ménirna a distribuéni transformovna (MDT) atd. Toto dispo-
zi¢ni feSeni technologické casti razené stanice vyplyvalo
z osvédéené koncepce mnoha drive realizovanych raZenych
trojlodnich stanic prazského metra (obr. 4). V hloubené casti
stanice na opa¢né strané ndstupiSté byly umistény predev§im
vystupni eskaldtory, vytahy a podpovrchovy vestibul.
V prubéhu realizace je do ni zadsténa sjezdovéa rampa slouZzic{
pro vystavbu obou ¢asti stanice.

Vystavba byla opozdéna zejména kvuli nedofeSenym majet-
koprdvnim vztahum u nékterych pozemku, které bylo potreba
vyuZivat pri realizaci stanice. Také obasné potiZe se stabilitou
Celby pfi razbé bo¢nich stani¢nich tunelt zpomalovaly postup
vystavby. To v§e umocnovalo obavy zhotovitele, Ze nebudou

xes, such as the converting-substation-and-
distribution-transformer (the SDT) etc. was to
be connected to it. This layout of the equip-
ment and services part of the mined station fol-
lowed from the well-proven concept of the earlier constructed
mined triple-span stations on the Prague metro network (see
Fig.4). The cut-and-cover part of the station on the opposite side
of the platform was to contain first of all exit escalators, lifts and
a subsurface concourse. The descending access ramp used for
the construction of both parts of the station is connected to this
cut-and-cover part.

The construction of the station was delayed first of all becau-
se of the unfinished solution to real property rights regarding
some plots of land the use of which was necessary during the
construction of the station. In addition, occasional difficulties
with the stability of the excavation face during the driving of
side-wall station tunnels decelerated the construction progress.
All of that amplified the fears of the contractor that the driving
of the side-wall station tunnels would not be finished in time
and, as a result, the driving of running tunnels to be carried out
using earth pressure balance (EPBS) shields, which were to be
pulled through the station and proceed further in the direction
of Cerveny Vrch station, would be delayed. The designer sub-
mitted a proposal for a change in the concept of the constructi-
on of the station equipment and services tunnel and for the
replacement of the enlarged-width running tunnels driven on its
sides using the NATM by the excavation of running tunnels
using the EPBS machines. The proposal for this change was
approved by the project owner within a short interval of time
and the side-wall station tunnels were prepared in the extent
required for the construction of the platform for the pulling of
the full-face tunnelling machines through. Anyway, the discus-
sions about the possibilities of accelerating the construction of
the equipment and services tunnel continued. Various proposals
were examined. For example, it was the relocation of the SDT
to a cut-and-cover structure located at the distance of about
200 m from the station (the unviability of this solution was pro-
ved). The variant containing the moving of the SDT to the
opposite side of the station, to the cut-and-cover part, was
eventually chosen (see Fig.5). A space for other service rooms
will be created by expanding and deepening of the constructi-
on pit for the subsurface concourse and using the space of
a part of the descending ramp. Even this change was approved
by the project owner and is currently being realised. In the defi-
nite solution which is being realised, the mined station section
is 100 m long. The total width of the excavated cross-section is
22.1 m (at the track centre distance of 15 m) and the maximum
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vCas vyrazeny bo¢ni stani¢ni tunely, a tim se opozdi razba tra-
tovych tuneld provadénd zeminovymi Stity EPBS, které mély
byt stanici protazeny a pokracovat déle smérem ke stanici Cer-
veny Vrch. Projektant predlozil navrh zmény koncepce vystav-
by technologického tunelu stanice a ndhradu roz§ifenych trato-
vych tuneld, raZzenych technologii NRTM po jeho bocich, raz-
bou tratovych tuneltd zeminovymi $tity EPBS. Nédvrh zmény
byl v kratkém Casovém intervalu schvélen investorem a bo¢ni
stani¢ni tunely byly v rozsahu nezbytném pro vystavbu nédstu-
pisté pripraveny pro protaZeni razicich stroju. I naddle probiha-
ly diskuse, jak urychlit vystavbu technologického tunelu. Byly
provéfovany ruzné ndvrhy. Napiiklad pfemisténi MDT do
hloubeného objektu vzdéleného od stanice cca 200 m (proka-
zala se neredlnost tohoto fe$eni). Nakonec byla zvolena varian-
ta premisténi MDT na opa¢nou stranu stanice do hloubené ¢asti
(obr. 5). Rozsifenim a prohloubenim stavebni jamy podpovr-
chového vestibulu a vyuZitim prostoru ¢dsti sjezdové rampy se
vytvori prostor pro dalsi technologické prostory. I tato zména
byla investorem schvdlena a v soucasné dobé se realizuje.
V definitivnim feSeni, jak se stanice realizuje, ma razend Cast
délku 100 m. Celkova Sitka vyrubu je 22,1 m (pfi osové vzda-
lenosti koleji 15 m) a max. vySka vyrubu ve stfednim tunelu je
10 m.

Navrzené koncep&ni feSenf stanice Veleslavin md jeden dule-
zity konstrukéni detail. Je to vodotésnd mezilehld izolace,
respektive detaily napojovani izolaci v bocnich stani¢nich
tunelech na izolace provadéné ndsledné ve stfednim stani¢nim
tunelu. Po del$ich diskusich mezi projektanty a odpovédnymi
pracovniky zhotovitele stavby bylo rozhodnuto nahradit félio-
vou izolaci z PVC, uvazovanou v zaddvaci dokumentaci, stfi-
kanou izolaci. Jednim z hlavnich duvoda byla pravé vétsi spo-
lehlivost detailu napojovani izolaci. Jako pojistny systém izo-
laci je uvaZovdno vodonepropustné definitivni monolitické
osténi. VSechny pracovni spary jsou oSetfeny jako vodotésné
a je zvetSeno mnozstvi ocelové vyztuze tak, aby konstrukce
vyhovéla na vznik trhlin do velikosti 0,3 mm.

STANICE CERVENY VRCH

Tato stanice je dalSi jednolodni stanice na trase V.A. Délka
stanice je 193 m a v prevazném rozsahu md plochu pfi¢ného
profilu vyrubu 223,7 m2. Uvodni zépadni &4st stanice v délce
35 m md zvySeny profil o 0,65 m, a tim je i zvétSena plocha
vyruby na 2432 m2. Sitka vyrubu je 21,3 m a max. vy¥ka v ose
tunelu je 14,2 m, ve zvySeném profilu 14,85 m. Na rozdil od

TuoufHel

height of the central tunnel excavated cross-section is 10m.

The proposed conception of the Veleslavin station structure
has one important structural detail, the intermediate waterproo-
fing system, or details of the connection of waterproofing layers
in the side-wall station tunnels to waterproofing layers installed
subsequently in the central station tunnel. After rather lengthy
discussions among designers and responsible personnel of the
construction contractor, the decision was made that the PVC
waterproofing membrane assumed in the final design would be
replaced by a spray-on membrane. One of the main reasons was
the higher reliability of the detail of jointing of the waterproo-
fing membranes. The definite cast-in-place lining is considered
to be watertight. All construction joints are treated as watertight
structures and the amount of steel reinforcement is increased so
as to ensure that they satisfy the criterion for cracks to be up to
0.3 mm wide.

CERVENY VRCH STATION

This station is another single-span station on the Line V.A. It
is 193 m long and the excavated cross-sectional area within
a greater part of its length is 223.7 m2. The height of the cross-
section of the initial 35 m long western part of the station is
enlarged by 0.65m, which means that the cross-sectional area is
increased to 243.2 m2. The excavated cross-sectional width is
21.3 m and its maximum height on the tunnel axis is 14.2 m
(14.85 m in the enlarged-height profile). In contrast with Petriny
station, this station was constructed from a very constrained con-
struction site located in a public greenery area in Kladenskd
Street, near the intersection with K Lanu Street. The roofed shed
which was built at the foot of the slope where the access tunnel
portal is located significantly reduced the negative impact of the
construction on the neighbouring residential area.

It is paradoxical that the much larger and more suitable plot
between Liberijskd, Kladenska and Evropska Streets, which had
been earmarked in the Prague Master Plan for the construction
of metro, has recently been sold to a private company for the
development of an administrative centre. This project has not
been realised owing to the economic depression and the plot still
remains undeveloped.

But let us return to the construction process for this station.
The 120 m long access tunnel which was proposed for the con-
struction of the station was connected to the upper part of the
western face of the station tunnel. In the definite state, the major
part of this tunnel will be used for the main metro ventilation

system, which is the reason for this unusual

LEGENDA / LEGEND

position of the connection.

According to the final design, layers of com-
petent Skalec quartzites were expected to be
encountered in the area of the about 60 to 70 m
long initial part of the station. The system of
opening drifts which was designed on the basis
of this assumption made the transition to the
driving of the station tunnel side-wall drifts
possible after approximately 35 m. It was plan-
ned that the central part of the top heading was
to be excavated and be subsequently symmetri-
cally enlarged up to the full top heading width.
These assumptions were not confirmed during
the course of the excavation of the final part of
the access tunnel. Instead, clayey-silty shales
with irregularly emerging relatively thin layers

sound quartzites

were

encountered.
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Obr. 5 Veleslavin — presun technologické édsti stanice

Fig. 5 Veleslavin — transfer of the equipment and services part of the station

A critical situation existed first of all on the
southern side of the station (on the right-hand
side if viewed in the direction of the excavati-
on), where weathered and intensely faulted
shales were encountered. Survey boreholes
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were carried out both from the access tun-

+290.00 ™ nel face and from the terrain surface. They

CARRIAGE WAY TRAM CARRIAGE WAY < +1,000 were intended to locate the extent of the
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! weakness zone. There were fears there that
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HOUSE the terrain surface would settle during the
enlarging of the top heading excavation
width toward the southern (right-hand) side
of the station tunnel, potentially causing
defects to a block of panel houses in
Kamerunskd Street. The front wall of the
block of buildings is situated nearly above
the side wall of the station tunnel. The
designer proposed as a supplementary mea-
sure that an about 10 m long pile wall
should be installed along the station side in
the critical location (see Figures 6 and 7).
Bored piles 900 mm in diameter were car-
ried out to the depth of 40 m. They were
intended to reduce contingent settlement
and, at the same time, to exclude the risk of
the origination of overbreaks during the
work on the side-wall drift for the station.
A mathematical model was developed,
simulating the further advance of the exca-
vation. The model showed that the piles
would not prevent the undesired settlement
behind the pile wall, unless sufficiently
competent ground was under the bottoms
of the piles. After consultations with speci-
alists of Zaklddani a. s., it was proposed
that the piles would be cast into a plastic
membrane jacket. This system significant-
ly reduced the skin friction and ensured the
correct function of the piles. This assump-
tion was confirmed during the constructi-
on, where only very small subsidence up to
18 mm originated during the underground

+289,66 groundwater
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STATION AXIS I

Obr. 6 Cerveny Vrch — pilotovd sténa pro omezeni poklesti
Fig. 6 Cerveny Vrch — settlement restricting pile wall

stanice Petiiny byla tato stanice realizovdna z velmi stisnéného ~ excavation, with the maximum differential
zafizeni staveni§té situovaného do prostoru vefejné zelené settlement amounting to 1:2872 and ttl.e tilting of the front wall
v ulici Kladensk4 u kfizovatky s ulicf K ldnu. Na dpati svahu, reaching 1':185.7. Identically with Petfiny station, it was neces-
kde je umistén portdl pristupového tunelu do trasy metra, byla Sary even in this case to §olve the‘process f)f the construction (?f
postavena zastfesend hala, kterd vyrazné omezila negativnf vliv the station tunnel and a hft' shaft in the point Qf their intersecti-
stavby na okoln{ obytnou zédstavbu. on. It was necessary to design a completely different procedure

for this station. As mentioned above, the station tunnel excava-
tion progress was decelerated owing to worsened geological
conditions. Conversely, the shaft sinking operations were linked
in terms of time with the construction of the pedestrian subway
under Evropska Street and the deadline could not be changed.
The deadline was determined by the deadline set for the closu-
re of traffic on a half of the four-lane road
and by the partial restriction of tram traffic
running along this busy street. For these
reasons the excavation of the shaft pit was
completed during the time at which only
the side-wall drifts for the station tunnel
were completed. As obvious from Fig. 8, it
was necessary to brace the tops of the
vaults of the side-wall drifts prior to the
excavation of the central part of the station
and subsequently even during the casting

of the final concrete lining. The lift shaft

P itous cing | Pl w | | A D & of this station is elliptical in ground plan,

Je paradoxni, Ze mnohem vét$i a vhodnéjsi pozemek mezi
ulicemi Liberijskd, Kladenskd a Evropskd dfive rezervovany
v tzemnim pldnu Praha pro vystavbu metra, byl pred ¢asem
prodan soukromé spoleénosti pro stavbu obchodné-administra-
tivniho centra. Kvuali hospoddfskému dtlumu se tento objekt
nerealizoval a pozemek je stdle nezastavény.

with the transverse semi-major axis and
semi-minor axis of the excavated cross-
section of 7.0 m and 5.0 m long, respecti-
vely (the excavated cross-sectional area is

Obr. 7 gv’ervenj Vrch - situace 105.95 m?2).
Fig. 7 Cerveny Vrch — layout
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Vratime se ale k postupu vystavby této
stanice. Pro vystavbu stanice byl navr-
Zen pristupovy tunel v délce 120 m,
zaustény do horni &asti zdpadniho Cela
stani¢niho tunelu. Pfevdzna ¢dst toho-
to tunelu bude v definitivnhim stavu
vyuZivdna pro systém hlavniho vétra-
ni metra, coZ je divodem neobvyklé
polohy zausténi.

Podle zaddvaci dokumentace byly
v prostoru tvodni ¢asti stanice oceka-
vany v délce cca 60 aZz 70 m polohy
pevnych skaleckych kfemencu. Na
zékladé tohoto predpokladu byl navr-
Zen zpusob rozréZek, aby bylo moZné
po cca 35 m prejit na razbu bocnich
vyrubt staniéniho tunelu. Méla byt
vyrazena stfedni Cast kaloty a na-
sledné rozSifovdana symetricky az na
jeji plnou $itku. Tyto predpoklady se
pri razbé zdavérecné Casti pristupového
tunelu nepotvrdily. Byly zastiZeny
jilovitoprachovité bridlice s nepra-
videlné vystupujicimi polohami pev-
nych kiemencu relativné malych moc-
nosti. Kritickd situace byla zejména na
jiznim boku (ve sméru razby na pra-
vém boku) stanice, kde byly zastiZeny
zvétralé bridlice, tektonicky intenziv-
né porusené. Byly provedeny pru-
zkumné vrty jak z Cela pristupového
tunelu, tak i z povrchu, aby lokalizo-
valy rozsah poruchové zény. Byla
obava, Ze prfi rozSifovani vyruby
kaloty do jizniho (pravého) boku sta-
ni¢niho tunelu budou na povrchu
terénu poklesy, které mohou zpusobit
poruchy na bloku panelovych domu
v Kamerunské ulici. Celni sténa bloku
domu je situovédna téméf nad bokem
stani¢niho tunelu. Projektant navrhl
jako doplnkové opatfeni provést
v kritickém misté podél boku stanice
pilotovou sténu v délce cca 10 m (obr.
6, obr. 7). Byly realizovdny vrtané
piloty 900 mm do hloubky 40 m. Ty
mély jednak omezit pripadné poklesy
a zdroven vyloucit nebezpeéi vzniku
nadvylomu pfi razbé bo&niho vyrubu
stanice. Byl vytvofen matematicky
model, ktery simuloval dal$i postup
razby. Model ukdzal, Ze pokud pod
patou pilot nebudou dostatecné pevné
horniny, nezabrani piloty nezddoucim
poklesum za pilotovou sténou. Po
konzultacich se specialisty firmy
»Zakldddni* byla navrZzena betondZ
pilot do féliového plaste. Tim bylo
vyrazné snizeno pldstové treni a za-
ru¢end sprdvnd funkce pilot. To
potvrdila realizace a na povrchové
zastavbé vznikly pri razbé jen zanedba-
telné velmi malé poklesy cca do 18 mm,
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Fig. 9 Cerveny Vrch — cross-section through escalator tunnel and running tunnels at the end of the station



pri¢emz pomér nerovnomérného sedani je max. 1:2872 a nak-
lon Celni stény dosdhl hodnoty 1:1857.

Stejné tak jako u stanice Petfiny zde bylo nutné vyfesit postup
vystavby stani¢niho tunelu a vytahové Sachty v miste jejich
styku. Na této stanici to bylo nutné navrhnout zcela jinym zpu-
sobem. Jak jiz bylo vy$e uvedeno, byl kvuli zhor§enym geolo-
gickym pomérim zpomalen postup razby stani¢niho tunelu.
Naopak hloubeni Sachty bylo ¢asové svdzéano s realizaci pod-
chodu pod ulici Evropskou a nebylo moZzné ménit termin. Ten
byl stanoven terminem uzavery poloviny Etyfpruhové komuni-
kace a C4stecnym omezenim tramvajového provozu v této fre-
kventované ulici. Z téchto duvodu byla vytahova Sachta dohlu-
bovédna v dobé, kdy byly vyrazeny jen bo¢ni vyruby stani¢niho
tunelu. Jak je patrno z obrazku 8, bylo nutné provadét rozpirdni
vrcholt kleneb bo¢nich vyrubu pred razbou stiedni ¢ésti stanice
a ndsledné i pri betonazi definitivniho osténi. Vytahova Sachta
této stanice md pudorys ve tvaru elipsy s délkou hlavni poloosy
vyrubu 7 m a vedlejsi poloosy vyrubu 5 m (plocha vyrubu je
105,95 m2).

Dal$im zajimavym detailem bylo zaudsténi eskaldtorového
tunelu do Cela stani¢niho tunelu. Zde opét kvuli opoZdéné
razbé stani¢niho tunelu byla razba eskaldtorového tunelu
dokoncena v dobé, kdy byly vyraZzeny pouze bo¢ni vyruby. Po
dobrych zkuSenostech z razby predchozich dvou stanic chtél
zhotovitel vyrazit do Cela stani¢niho tunelu startovaci komory
pro §tity. Jak je vidét z obrdzku 9, je primdrn{ osténi startova-
cich komor a eskaldtorového tunelu v kritickém misté (prunik
eskaldtorového tunelu do Celni stény stanice) v pfimém kon-
taktu. Je zcela logické, Ze by mély byt nejdiive vyraZzeny star-
tovaci komory vcetné osazeni montovaného osténi tratovych
tuneld a pak by méla byt dokoncena razba eskaldtorového tune-
lu. To v daném piipadé nebylo z Easovych divodu moZné.
Proto se zhotovitel rozhodl po dokonceni sekundarniho ostén{
eskaldtorového tunelu jej v délce cca 3 m zabetonovat. Be-
tonovd zétka chrdnila definitivni osténi eskaldtorového tunelu
pred nezadoucimi deformacemi pri nasledné razbé startovacich
komor. Po dokondeni montdZze osténi tratovych tunelu byla
odstranéna (obr. 10).

ZAVER

V poslednich letech dosahlo Ceské tunelarské stavitelstvi
vyrazného pokroku. Dukazem toho jsou i realizovand dila na
stavbé trasy V.A prazského metra. Byly vyrazeny dalsi dvé
jednolodni stanice a dokoncuje se razba trojlodni stanice
s novou koncepci konstrukéniho feSeni a postupem vystav-
by. Je tieba rovnéz pripomenout ispésné dokondeni vystav-
by tratovych tuneli pomoci razicich §titt EPBS. Lze jen
doufat, Ze zkuSenosti Ceskych tunelarskych spolecnosti zis-
kané v poslednich letech jak pfi vystavbé metra, tak i na
jinych stavbach budou vyuZity i pfi realizaci nové trasy D
prazského metra, kterd se v sou¢asné dobé projekéné pripra-
vuje.

ING. JIRI RUZICKA,
METROPROJEKT Praha a. s.

Recenzoval: doc. Ing. Vladislav Hordk, CSc.
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Obr. 10 éervenj Vrch — pohled na konec stanice
Fig. 10 Cerveny Vrch — view of the station end

Another interesting detail was the connection of the escalator
tunnel to the front end of the station tunnel. In this case, again
owing to the delayed excavation of the station tunnel, the exca-
vation of the escalator tunnel was finished at the moment when
only the excavation of the side-wall tunnels was completed.
After the good experience in driving the previous two stations,
the contractor wanted to excavate launching chambers for the
shields in the face of the station tunnel excavation. As visible in
Fig. 9, the primary linings of the launching chambers and the
escalator tunnel in the critical location (the intersection of the
escalator tunnel with the station tunnel front wall) are at direct
contact. It is fully logical that the launching chambers should be
excavated in the first place, including the installation of the seg-
mental lining of running tunnels, and only then should the dri-
ving of the escalator tunnel be completed. However, this sequ-
ence of operations was not possible for reasons of time. The con-
tractor therefore decided to backfill an about 3 m long section of
the escalator tunnel with concrete once its excavation was finis-
hed. The concrete plug protected the final lining of the escalator
tunnel against undesired deformations during the subsequent
excavation of the launching chamber. It was removed after the
installation of the lining in the running tunnels (see Fig. 10).

CONCLUSION

The Czech tunnel construction industry has achieved signifi-
cant progress during previous years. The workings realised on
the construction of the Line V.A of Prague metro also prove that
this statement is true. The excavation of two new single-span
stations was completed and the excavation of a triple-span stati-
on, using a new concept of the structural design and constructi-
on procedure, is being finished. It is also necessary to remember
the successful completion of the driving of tunnels using EPB
shields. It is only possible to hope that the experience gathered
in previous years by Czech tunnel construction companies
during the construction of the metro and other underground
structures will even be applied to the development of the new
line of Prague metro, the Line D, the design for which is cur-
rently under preparation.

ING. JIRI RUZICKA,
METROPROJEKT Praha a. s.
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PRIKLADY VYUZITIA CHEMICKEJ INJEKTAZE PRI RAZENI TUNELOV

GROUTING FOR SOIL IMPROVEMENT AND WATERPROOFING:
GROUTMASTER SR10 AND SELECTED CASE HISTORIES

CARLA L. ZENTI, JOZEF SNAHNICAN

1 0voD

Technoldgia injektovania za Gcelom zniZenia priepustnosti
a zlepSenia fyzikalno-mechanickych vlastnosti horninového
prostredia sa pouziva desiatky rokov v roznych stavebnych
aplikdcidch. Tento prispevok sa venuje chemickej injektdzi
a vyhoddm vyrobku Groutmaster SR10, ktory je patentovanym
vyrobok firmy Elas Geotecnica vyvinuty pre pouZitie
v zemindch s nizkym stcinitelom filtrcie.

InjektdZ je mozné definovat’ako proces riadeného injektova-
nia ,fyzikdlnych vlastnosti“ do horninového prostredia pre
geotechnické dcely. InjektdZ horninového prostredia mdZeme
rozdelit na vypliovi injektdz, zhutiovaciu injektdz, klakdz,
injektdZ puklin, prddovd injektdZ, penetracnu injektdZz.
V tomto ¢lanku autori venuji pozornost’ chemickej injektdznej
zmesi, ktord sa realizuje penetra¢nou injektdZou. Penetra¢na
injektdZ je definovana ako Vypiﬁanie dosiahnutelnych pérov
medzi pevnymi Casticami v priepustnej zemine injek¢nou
zmesou bez poruSenia Struktiry zeminy. Tato technoldgia sa
pouZiva na zniZovanie priepustnosti horninového prostredia
a ovplyvnovanie pridenia podzemnej vody, av§ak d4 sa pouzit
i na spevnovanie. Chemickd injektdZzna zmes bola vyvinutd
v reakcii na potrebu zvySovat’ pevnost’ a usmernovat’ priadenie
podzemnej vody v geologickych prostrediach, kde velkost’
poérov v skalnej hornine alebo v zemine bola prili§ mald, aby
umozZznila pouzitie konvencnej cementové injektdZe s pouZitim
zmesi z portlandského cementu. Prvé injektdZne zmesi boli
dvojzlozkové, kde reakcia bola medzi roztokmi soli kovov
a kremicitanom sodnym. Cielom bolo spojit’ Castice zeminy
alebo skalnej horniny a vyplnit’ priestor pérov, aby sa zmens§i-
lo pridenie kvapaliny. Tato technoldgia sa roz$irila o pridanie
roztokov organického polyméru a prisad, ktoré moézu riadit
charakteristiky pevnosti a tuhnutie injektovanej kvapaliny [1].

2 CHEMICKE INJEKTAZNE ZMESI

2.1 V§eobecne

Pri vybere chemickej injektdZnej zmesi pre konkrétne pou-
zitie by sa mali posudit’ urcité chemické a mechanické vlast-
nosti. Tieto zahrnuji viskozitu, dobu gélovatenia, citlivost’
a pevnost’ [2].

Viskozita je vnitorny odpor kvapaliny, ktory obmedzuje jej
tok. Obvyklou jednotkou pre meranie viskozity je centipoise
(cP). Viskozita je dolezitd, kedZe urCuje schopnost injektdZnej
zmesi vniknit' do pérov a medzi péry horninového prostredia
a pretekat nim. Tekutost’ injektdZnej zmesi ma preto tieZ vztah
k sucinitelu filtrdcie (priepustnosti) horninového prostredia.
Empiricky plati, Ze pre zeminu so stcinitelom filtracie 10-4
cm/s by viskozita injektdZnej zmesi mala byt mensia ako 2 cP.
Injektdzne zmesi s viskozitou 5 cP sa daji pouzit pre zeminy
so sucinitelom filtracie vys§im ako 10-3 cm/s, a pre viskozitu
10 cP by sucinitel filtracie mal byt vyssi ako 10-2 cm/s.

Doba gélovatenia je interval medzi pociato¢nym zmieSanim
komponentov injek&nej zmesi a vytvorenim gélu. Casova kon-
trola doby gélovatenia je ddlezitd z hladiska Cerpatelnosti.

1 INTRODUCTION

Grouting in ground engineering can be defined as the process
of controlled injection of physical characteristics of the ground
for geotechnical engineering reasons.

Grouting for ground engineering can be subdivided into: per-
meation grouting, rock grouting, hydrofracture grouting, com-
paction grouting, jet grouting and compensation grouting.
Compensation grouting is not a grouting process but may inclu-
de grouting processes such as hydrofracture, permeation and
compaction grouting.

In this paper the authors focused the attention on chemical
grout which is realized by permeation grouting. Permeation grou-
ting is defined as the filling by grout injection of accessible pores
between the solid particles in a permeable soil by grout without
disturbing the structure of the soil. It is a technique that is gene-
rally used to reduce ground permeability and control groundwa-
ter flow, but it also can be used to strengthen and stiffen the
ground.

Chemical grout were developed in response to a need to deve-
lop strength and control water flow in geologic units where the
pore sizes in the rock or soil units were to small to allow the int-
roduction of conventional Portland-cement suspensions. The first
grouts used were two-stage grouts that depended on the reaction
between solutions of metal salts and sodium silicate. The goal of
this work was to bond the particles of soil or rock and to fill in
the pore spaces to reduce fluid flow. The technology has expan-
ded with the addition of organic polymer solutions and additives
that can control the strength and setting characteristics of the
injected liquid [1].

2 CHEMICAL GROUTS

2.1 General

In the selection of a chemical grout for a particular application,
certain chemical and mechanical properties should be evaluated.
These include viscosity, gel time, sensitivity and strength [2].

Viscosity is the property of a fluid to resist flow or internally
resist internal shear forces. A common unit of measure of visco-
sity is the centi-poise (cP). Viscosity is important in that it deter-
mines the ability of a grout to flow into and through the pore spa-
ces in a soil. Thus, the flowability of the grout is also related to
the hydraulic conductivity (permeability) of the soil. As a rule of
thumb, for a soil having a hydraulic conductivity of 10-4 cm/sec,
the grout viscosity should be less than 2 cP. Grouts having visco-
sities of 5 cP are applicable for soils with hydraulic conductivity
greater than 10-3 cm/sec, and for a viscosity of 10 cP, the hyd-
raulic conductivity should be above 10-2 cm/sec.

Gel time or gelation time is the interval between initial mixing
of the grout components and formation of the gel. Control of gel
time is thus important with respect to pumpability. Gel time is
a function of the components of the grout, namely, activator, inhi-
bitor, and catalyst; varying the proportion of the components can
change gel time. For some grouts, viscosity may be constant
throughout the entire gel time or may change during this period.
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Doba gélovatenia je funkciou komponentov injekénej zmesi,
konkrétne aktivdtora, inhibitora a katalyzatora. Rozny podiel
tychto zloziek mdze menit dobu gélovatenia. Po vytvoreni
gélu zmes pokracuje v nadobudani tuhosti a pevnosti. Doba
do dosiahnutia poZadovanych vlastnosti sa nazyva doba tuh-
nutia. Niektoré zmesi su citlivé na zmeny teploty, na zriede-
nie podzemnou vodou, chemizmus podzemnej vody (pH) a na
kontakt s nerozpustenymi pevnymi Casticami v Cerpadlach
alebo rirkach. Citlivost'na tieto faktory méZe ovplyvnit dobu
gélovatenia.

Dal3ou aplikdciou je injektovanie zmesi do zeminy kvoli
zvySeniu pevnosti alebo zniZeniu priepustnosti prostredia.
SkuSka pevnosti v prostom tlaku realizovand na vzorkdch
injektovanej zeminy dava informéciu o indexe pevnosti mate-
ridlu a moéZe slizit’ ako orientacnd skuska dc¢innosti injektdz-
nej zmesi. Vo vicSine pripadov sa mdze injektdZzna zmes umi-
estnit’ a ponechat’ pod hladinou podzemnej vody. V takychto
pripadoch mo6zZe byt pevnost nasyteného materialu nizsia ako
pevnost’ suchej vzorky. Pevnost preinjektovanej zeminy
v teréne musi byt dostato¢nd, aby zemina plnila pozadovanu
funkciu [3].

Viskozity chemickych injektdZnych zmesi moZzu byt velmi
nizke, vynimkou st plnidla, ktoré moézu byt pouzité. Chemické
injektdZne zmesi neobsahujui Ziadne pevné Castice. Z tohto
dovodu sa mdézu chemické injektdZne zmesi pouZit'na injekto-
vanie do materidlov obsahujucich pdry, ktoré su prili§ malé pre
injektovanie cementovymi alebo inymi zmesami obsahujicimi
rozptylené pevné Castice. Chemické injektdZne zmesi sa preto
pouzivaju na kontrolu pohybu vody v materidloch a zvySenie
ich pevnosti. Chemické injektdZne zmesi sa v zdsade pouZi-
vajui na vyplnovanie dutin a pérov v jemne zrnitych materia-
loch, na utesiovanie trhlin v rozpukanych skalnych horninach
alebo betone. Su Casto pouzivané pre stabiliziciu a zvySenie
unosnosti jemne zrnitych materidlov, na kontrolu pritokov
vody do banskych Sacht, tunelov a inych podzemnych diel.
Pouzivaji sa tiez v kombindcii s inymi materidlmi pre vyplno-
vanie dutin pri realizdcii injekénych clon pod priehradami
budovanymi na priepustnom aliviu a pre dalsie dpravy ako
plosnd injektdz a injektdz Skar. Chemické injektdZne zmesi
maji nevyhodu v tom, Ze su casto ndkladnejSie ako zmesi
obsahujice drobné Castice. Velké pdry st beZne injektované
cementovou zmesou a chemickd injektdZ sa realizuje podla
potreby.

2.2 Material

Dostupnych je niekolko druhov chemickych injektdZnych
hmot. Kazdd z nich ma charakteristiky, ktoré ju predurcuji pre
dany druh pouzitia. NajbeznejSie su kremicitan sodny, akrylat,
lignin, uretdn a Zivica. Obecné zhodnotenie injektdZnych hmot
a ich vlastnosti je obsahom v rab. 1. Typické aplikicie che-
mickych injektdZnych hmot sd v tab. 2.

Prenikanie injektdZe do akéhokolvek média je funkciou
injektdZnej zmesi, média, do ktorého sa injektuje a metdd
pouzivanych pre injektovanie zmesi. Rychlo gélujice zmesi
maju typicky obmedzeny rozsah kontroly a vyZaduji malé
rozstupy medzi injektdZnymi vrtmi a umoznuji velkd rychlost’
injektdze.

Rychle zrenie sa pouZiva tam, kde sa upravuji rdzne vrstvy
s rozdielnou priepustnostou a v situdcidch, kde pridenie pod-
zemnej vody moOZe injektdznu zmes pocas injektdze vytlacit’
[5]. Ked gélovatenie nastane pred zastavenim Ccerpania,
poslednd injektovand zmes sa normalne pohybuje smerom von
z injektovaného masivu, a tak velké ako i malé otvory sa zapl-
nuji. Zvolenie sprdvnej injektdznej metdédy je dolezité.
Normalne injektdZzne zmesi, ktoré sa plynulo pohybuji, budd
gélovatiet' menej rychlo a prenikanie pri plynulom injektovani
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Thus, it is important to know variation with the gel time because
of problems related to pumping high-viscosity liquids. After
gelation, a chemical grout continues to gain strength. The time
interval until the desired properties are attained is called the cure
time. Some grouts are sensitive to changes in temperature, diluti-
on by groundwater, chemistry of groundwater including pH, and
contact with undissolved solids that may be in the pumps or
piping. Sensitivity to these factors may influence the gel time.

Among other applications, grouts are injected into soils, to add
strength or waterproofing to the soil matrix. The unconfined
compression test on grout-treated samples offers an index of the
strength of the material and may suffice as a screening test for the
effectiveness of the grout. In many situations, the grout may be
placed and remain under the water table, in which case the
strength of the saturated material may be lower than that of a dry
specimen. In all cases, the strength of the grouted soil in situ must
be sufficient to perform its intended function [3].

The viscosities of chemical grouts can be very low, and except
for fillers that may sometimes be used, chemical grouts contain
no solid particles. For these reasons, chemical grouts can be
injected into foundation materials containing voids that are too
small to be penetrated by cementitious or other grouts containing
suspended solid particles. Chemical grouts can therefore be used
to control water movement in and to increase the strength of
materials that could not otherwise be treated by grouting.
Chemical grouts have been used principally in filling voids in
fine granular materials; they have also been used effectively in
sealing fine fissures in fractured rock or concrete. Chemical
grouts have been frequently used for stabilizing or for increasing
the load-bearing capacity of fine-grained materials in foundations
and for the control of water in mine shafts, tunnels, trenches, and
other excavations. Chemical grouts have also been used in con-
junction with other void-filling materials for curtain grouting
under dams constructed over permeable alluvium and for other
treatments such as area grouting or joint grouting.

Chemical grouts suffer from the disadvantage that they are
often more expensive than particulate grouts. Large voids are
typically grouted with cementitious grout, and chemical grouting
is done as needed.

2.2 Material

Several kinds of chemical grouts are available, and each kind
has characteristics that make it suitable for a variety of uses. The
most common are sodium silicate, acrylate, lignin, urethane, and
resin grouts. A general ranking of grouts and their properties is
presented in Table 1.

Typical applications of chemical grouts are presented in Table 2.

Penetration of grout in any medium is a function of the grout,
the medium being injected, and the techniques used for grout
injection. Typically, grouts that gel quickly have a limited range
of treatment and require close spacing of injection holes and
rapid injection rate.

Low-shear-strength grouts are frequently useful in extending
the range of treatment to times beyond initial gelation. Rapid
times of setting are of use when a variety of different strata with
different permeabilities are being treated and in situations where
groundwater flow may displace the grout during injection [5].
When gelling occurs before pumping is halted, the last injected
grout typically moves to the outside of the grouted mass, and
both large and small openings are filled. Methods of injection are
also of importance. Typically, grouts that are continually moving
will gel less quickly, and penetration from continuous injection
will be greater than that from the same volume of grout used in
batch injection.

This paragraph would provides a short description of chemical
type listed in Table I and in Table 2.
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Tab. 1 Zhodnotenie hlavnych vlastnosti injektaZnych zmesi [4]
Table 1 Ranking of Major Grout Properties [4]

Tuel

VLASTNOST / PROPERTY
Typ / Type Pronikani do Trvanlivost Snadnost Mozna Hoflavost Relativni
injektovanych celki  Durability aplikace toxicita material(i naklady
Penetration in Ease of Potential Flammability Relative Costs
Grouted Units Application Toxicity of Materials
Smési na bazi
portlandského cementu L H M L N L
Portland-cement-based grouts
Silikaty / Silicates H M H L N L
Akrylaty / Acrylates H M H M L H
Ligniny / Lignins H M H H L H
Uretany / Urethanes M H M H H H
Pryskyfice / Resins L H M H M H
Legenda: N = nehoflavé; L = nizkd; M = stfedni; H = vysoka.
Legend: N = non-flammable; L = low; M = moderate; H = high.
Tab. 2 Zhodnotenie chemickych zmesi a ich aplikdcii [4]
Table 2 Ranking of chemical mixtures and their applications [4]
VLASTNOST / PROPERTY
Aplikace / Application Kremi€itan sodny Akrylat Lignin Uretan Pryskyfrice
Sodium silicate Acrylate Lignin Urethane Resin
Zpevnovani / Hardening C C C R R
Snizovani proudéni vody
Water flow reducing © & e ! i
Opravy betonu / Repairing of concrete U U U C C
Opravy kanalizace
Repairing of sewerage u U U c c
Pfenaseni zatizeni a zajisténi U U U C U
Transfer of loads and support
Instalace kotev
Installation of anchor i i i . e

Legenda: C = bézné pouzivany; U = pouzivany; R = zfidka pouzivany.
Legend: C = commonly used U = used R = rarely used

bude vicsie ako pri rovnakom objeme zmesi pouZitom pre
davkové injektovanie.

InjektdZne zmesi pouZzivajice kfemicitan sodny st najpopu-
larnejSie pre ich bezpecnost a ekologické zloZenie. Kremici-
tany sodné boli vyvinuté do roznych systémov zmesi. Takmer
vSetky systémy su zaloZené na reakcii roztoku kremicitanu,
ktory vytvdra koloidny roztok, ktory dalej polymerizuje
a vytvdra gél, ktory spojuje Castice zeminy alebo usadeniny
dohromady a vypliuje péry.

Roztoky kremicitanu sodného sd alkalické. Ked sa tento
alkalicky roztok neutralizuje, koloidny kysli¢nik kremicity sa
agreguje a vytvori gél, ak je kremicitan sodny pritomny
v koncentrécii nad 1 aZ 2 percenta (objemovo). PodIa reaktan-
tov pouzitych spolu s roztokom kysli¢nika kremicitého sa roz-
liSujd tri typy alkalickych kremicitanovych injektdZnych
zmesi [6]:

— Kysly reaktant (kyselina fosforovd, hydrosiran sodny, fos-
fore¢nan sodny, roztok oxidu uhli¢itého).

— Alkalické zeminy a hlinité soli (chlorid vapenaty, fosfo-
recnan hore¢naty, siran horec¢naty chlorid horec¢naty, siran
hlinity).

— Organické zmesi (glyoxal, ester kyseliny octovej, etylén
uhlic¢itan formamid).

Roztok kremicitanu sodného a reaktantu sa méze injektovat

ako samostatny roztok, alebo sa mdze kremicitan sodny zmie-

Sodium silicate grouts are the most popular grouts because of
their safety and environmental compatibility. Sodium silicates
have been developed into a variety of different grout systems.
Almost all systems are based on reacting a silicate solution to
form a colloid which polymerizes further to form a gel that binds
soil or sediment particles together and fills voids.

Sodium silicate solutions are alkaline. As this alkaline solution
is neutralized, colloidal silica will aggregate to form a gel if the
sodium silicate is present in concentrations above 1 or 2 percent
(by volume). Three types of alkaline silicate grouts are recogni-
zed based on reactants used with silicate solutions [6]:

— Acid reactant (phosphoric acid, sodium hydrogen sulfate,

sodium phosphate, carbon dioxide solution).

— Alkaline earth and aluminum salts (calcium chloride, magne-

sium sulfate, magnesium chloride, aluminum sulfate).

— Organic compounds (glyoxal, acetic ester, ethylene carbona-

te formamide).

Sodium silicate and a reactant solution can be injected as sepa-
rate solutions, or the sodium silicate can be premixed with the
reactant to form a single solution that is injected.

Acrylate grout is a gel formed by the polymerization of acry-
lates. The gelling reaction is catalyzed by the addition of triet-
hanolamine and ammonium or sodium persulfate to a metal
acrylate (usually magnesium acrylate). Methylene-bis-acrylami-
de is used as a crosslinking agent. Potassium ferricyanide is used




Obr. 1 GROUTMASTER SR10 Granulovand zmes
Fig. I GROUTMASTER SR10 Granular based product

Sat’s reaktantom dopredu, aby sa vytvoril jeden roztok, ktorym
sa injektuje.

Akrylatova injekéna zmes je gél vytvoreny polymerizdciou
akryldtov. Reakcia gélovatenia sa urychluje pridanim trietano-
laminu a amoniaku alebo persiranu sodného, aby sa vytvoril
metalakryldt (obvykle hor¢ikovy akryldt). Metylén-bis-akryla-
mid sa pouZziva ako sietovacie ¢inidlo. Ferrokyanid draselny sa
pouziva ako spomalovacia prisada, ak je pozadovana dlhd
doba zrenia.

Ak sa skombinuje s okyslicovadlom, ako je dvojchréman
sodny, lignin (vedlajsi produkt siri¢itanového spdsobu vyroby
papiera), vytvorf sa za krdtku dobu nerozpustny gél. Viskozity
roznych roztokov ligninu sa daji ziskat' v takom rozsahu,
ktory umoznuje ligniny injektovat do dutin vytvorenych
v jemnozrnnych pieskoch. Ligniny st vSeobecne neprijatelné,
ak sa pouzivaju latky obsahujice chrom z dovodu jedovatosti
chréomu.

Uretdnové injektdZne zmesi existuji v niekolkych r6znych
formach, avsak vSetko zdvisi na reakciach, v ktorych su zahr-
nuté prepojujuice izokyandty, aby sa vytvoril pryZovy polymér.
Jedna ¢ast’ polyuretdnovych injektdznych zmesi su predpoly-
méry, ktoré sa vytvdraji ciastonou reakciou isokyandtu so
sietovacim ¢inidlom a vytvdrajd s nezreagovanymi skupinami
isokyandtu prepolymér. Jednozlozkové injektdZne zmesi rea-
guji s vodou, aby sa dokoncila polymerizdcia. Zmesi budu
typicky gélovatiet’ alebo penit v zdvislosti na mnozstve vody,
ktord je k dispozicii. Viskozity sa pohybuji od 50 do 100 cP.
Dvojzlozkové injektdZne zmesi vyuZivaji priamu reakciu
medzi kvapalnym isokyandtom a polyolom a, v zdvislosti na
receptire, vytvdraju tvrdd alebo pruznd penu. Viskozity sa
pohybuji od 100 do 1000 cP.

Ziviéné injektdZne zmesi sa v podstate skladaji z roztokov
chemikalii tvoriacich Zivice, ktoré sa kombinujui, aby sa po
pridani katalyzdtoru alebo tvrdidla vytvorila tvrda Zivica.
Niektoré zivi¢né injektdZzne zmesi sd zalozené na vode alebo
to si vodné roztoky. Injektiz je jedno roztokovy proces.
Hlavné Zivice pouzivané do injektdZnych zmesi st epoxidové
a polyesterové. Pojmy epoxidové a polyesterové Zivice sa
tykajd mnohych Zivi¢nych latok, ktoré majui niektoré podobné
a niektoré rozdielne vlastnosti. K dispozicii sd rdzne typy kaz-
dej z nich a vlastnosti kazdého typu sa m6ézu menit’ zmenami
zloziek. Daju sa vytvarat' receptury na Zivice tak, aby mali niz-
kou viskozitu. Tieto viskozity su ale obecne vys§ie neZ visko-
zity inych chemickych injektdZnych zmesi. Pri tvrdnuti Zivic
sa vSeobecne vyvija velké mnoZstvo tepla. Zachovavaji si
svoju pociatoénd viskozitu po vicSiu Cast’ svojho tekutého
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as an inhibitor if long times of setting are required.

When combined with a oxidizer such as sodium dichromate,
lignin, a by-product of the sulfite process of making paper, forms
an insoluble gel after a short time. Viscosities of various lignin
solutions can be obtained over a range that makes the lignins
capable of being injected into voids formed by fine sands and
possibly coarse silts. Lignins are generally not acceptable if chro-
mium compounds are used due to the toxicity of chromium.

Urethane grouts are available in several different forms, but all
depend on reactions involving the isocyanates cross-linking to
form a rubbery polymer. One-part polyurethane grouts are prepo-
lymers formed by partly reacting the isocyanate with a cross-lin-
king compound producing a prepolymer with unreacted isocya-
nate groups. The one-part grouts react with water to complete
polymerization. The grouts will typically gel or foam depending
on the amount of water available. Viscosities range from 50 to
100 cP. The two-component grouts employ a direct reaction bet-
ween an isocyanate liquid and a polyol and produce a hard or fle-
xible foam depending on the formulation. Viscosities range from
100 to 1,000 cP.

Resin grouts consist essentially of solutions of resin forming
chemicals that combine to form a hard resin upon adding
a catalyst or hardener. Some resin grouts are water based or are
solutions with water. Injection is by the one-solution process. The
principal resins used as grouts are epoxy and polyester resins.
The terms epoxy and polyester resins apply to numerous resin
compounds having some similarity but different properties.
Various types of each are available, and the properties of each
type can be varied by changing the components. Resins can be
formulated to have a low viscosity; however, the viscosities are
generally higher than those of other chemical grouts. A large
amount of heat is generally given off by resins during curing.
They retain their initial viscosity throughout the greater part of
their fluid life and pass through a gel stage just before complete

hardening. The time from mixing to gel stage to hardened stage
can be adjusted by varying the amount of the hardening reactant,
by adding or deleting filler material, and by controlling the tem-
perature, especially the initial temperature.

2.3 Groutmaster SR10

GROUTMASTER SR 10 is made by aggregation of inner
co-granulate inorganic mineral products with a particular
industrial technology. It is an active dry component produced
in a granular form (see Fig.1) easily soluble in water at all
temperatures. The reaction between GROUTMASTER SR 10
and water is a hydration and ionic exchange that provides
a crystalline structure very similar to hydrated cement). As
a consequence, these are not only low viscosity, highly pene-
trating mixes, but also result in a material with concrete like
behaviour, minimally subject to creep and permanent load
deformation.

GROUTMASTER SR 10 Mixtures have the same injectability
characteristics of the other chemical mixtures such as silica gel.
GROUTMASTER SR 10 is particularly suitable for finer soil or
finely fissured rock. However, these blends can be injected into
soils with large grain since they are stable and not subject to che-
mical or physical deterioration.

GROUTMASTER SR 10 Mixtures may be used either for con-
solidation purposes or for waterproofing both temporary and per-
manent applications. Its main properties are:

— low initial viscosity and absence of rigidity;

— absence of a solid phase that can become separated from the

liquid to the effects of sedimentation or caking;

— adjustable setting time - increased consolidation and waterp-

roofing effects of the treated soil;

— absence of shrinkage (reduction in volume);

— absence of syneresis (expulsion of a liquid from a gel).
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2.3 Groutmaster SR10
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kd Struktdru velmi podobnud
hydratovanému cementu. Nds-
ledkom toho nejde len o zmes
s nizkou viskozitou a velkou
penetraénou schopnostou, ale tieZ o zmes vedicu k materidlu
s chovanim podobnym beténu, minimdlne v dotvarovani
a deformdcii pod trvalym zatazenim.

Zmes GROUTMASTER SR 10 md rovnaké charakteristiky
injektovatelnosti ako iné chemické zmesi, napr. ako kremicity
g2él. GROUTMASTER SR 10 je zvlast vhodny pre jemnozrn-
né zeminy alebo skalné horniny s jemnymi trhlinami. Tieto
zmesi sa ale moZu injektovat i do zemin s velkymi zrnami,
kedZe si stabilné a nepodliehaji zhor§ovaniu v ddsledku che-
mickych alebo fyzikdlnych vplyvov.

Zmes GROUTMASTER SR 10 sa mdZe pouzit pre zniZova-
nie priepustnosti, alebo zlepSovanie fyzikdlno-mechanickych
vlastnosti horninového prostredia pre aplikdcie docasné
i trvalé. Hlavné vlastnosti su:

— nizka pociato¢nd viskozita a nepritomnost tuhosti;

— absencia pevnej zloZky, ktord sa mdze separovat’ od kva-

paliny v dosledku sedimentdcie alebo vysychania;

— regulovatelnd doba zrenia — zvySené spevnenie a tesniace

ucinky;

— nepritomnost’ zmrastovania (zniZovanie objemu);

— nepritomnost’ synerézie (vyluCovanie kvapaliny z tuhnu-

ceho gélu).

Tab. 3 GROUTMASTER SR10 vplyv na Zivotné prostredie
Table 3 GROUTMASTER SR10 environmental compatibility

Obr. 2 Diagram pouZitia Standardnych injektdznych zmesi v zdvislosti od siicinitell filtrdacie
Fig. 2 Typical injection mixture permeation range

Injection grouting is influenced primarily by the permeability
of the ground. The substantial variation in permeability found in
natural soils requires a range of grouts and grouting techniques
for effective treatment.

The soil permeability coefficient should be known before cho-
ose injection mixture and designing the grout. The diagram in
Fig. 2 shows GROUTMASTER SR 10 mixture injection capabi-
lity, it can permeate soils characterized by low permeability
(10*m/s -10"°m/s). With only one product is possible to cover
a range normally obtain by the use of two different product,
i.e. Diluted Silica Gel (10*m/s -10°m/s) and Organic Resin
(103m/s -10"°m/s).

The significant rise in the environmental awareness of the gene-
ral public has conferred ever greater importance on the environ-
mental compatibility of construction materials over the past years.
Decisions in favour of certain materials and types of injection are
influenced not only by technical and economic aspects, but incre-
asingly also by ecological aspects these days.

The growing importance of environmental legislation for mate-
rial is also reflected in regulations and standards. In Italy the refe-
rence rule is D.L. 152/2006 [7]. Laboratory Test carried out in
compliance with this standard demonstrated GROUTMASTER
SR10 environmental compatibility (see Table 3).

D.L. 152/2006 - Limitné hodnoty / Limit values

Prvky Zelené plochy pre verejné, Plochy pre komeréné GROUTMASTER SR10
Substances stikromné a obytné vyuzitie a priemyselné vyuzitie Zmes Preinjektovana
Green Areas for public, private Areas for Commercial and zemina
and residential use Industrial use Mixtures Treated soil
[mg/kg] [mg/kg] [mg/kg] [mg/kg]
Uhlik / Organic Carbon - - < 0,4 < 0,4
Kadmium [Cd] / Cadmium [Cd] 2 10 < 0,0002 < 0,0002
Ortuf [Hg] / Mercury [Hg] 1 5 < 0,0002 < 0,0002
Olovo [Pb] / Lead [Pb] 100 1000 < 0,002 < 0,002
Med [Cu] / Copper [Cu] 120 600 0,003 0,002
Zinok [Zn] / Zinc [Zn] 150 1500 0,02 0,02




InjektaZ zmesi je hlavne ovplyvinovana priepustnostou hor-
niny. Podstatnd premenlivost priepustnosti v prirodzenom hor-
ninovom prostredi vyZaduje pre dcinnu realizdciu injektaZe
celd skdlu injektaZnych zmesi a injektdZnych metdd.

Sudinitel filtracie horninového prostredia by mal byt znamy
pred vyberom injektdZznej zmesi a jej navrhom. Diagram na
obr. 2 ukazuje moznosti injektdznej zmesi GROUTMASTER
SR 10. Méze prenikat zeminami charakterizovanymi nizkym
sti¢initefom filtracie (104 m/s —10°® m/s). Jednym produktom je
mozné pokryt’ rozsah, ktory sa normdlne realizuje pomocou
dvoch roznych produktov, tj. silikdtovy gél (10*m/s —10-3 m/s)
a organick4 Zivica (10> m/s =10 m/s).

Velky ndrast environmentdlneho povedomia Sirokej verej-
nosti pridal v minulych rokoch eSte viac na vyzname zlucite-
Inosti stavebnych materidlov so Zivotnym prostredim. Vyber
urcitych materidlov a typov injektdZie je v sicasnosti ovplyv-
novany nielen technickymi a ekonomickymi, ale stdle viac
i ekologickymi aspektmi.

Rastiica dolezitost'legislativy Zivotného prostredia pre mate-
ridly je premietnutd i do technickych predpisov a noriem.
V Taliansku je referenénym predpisom D.L. 152/2006 [7].
Laboratdrna skiska realizovand v silade s touto normou uka-
zala, Ze GROUTMASTER SR10 nemd negativny vplyv na
Zivotné prostredie (tab. 3).

Zmes GROUTMASTER SR10 je vhodnéd pre povrchové
alebo hlbkové aplikacie, a pouZitelnd tak pre radidlnu (obr. 3a)
ako aj vertikdlnu injektaz (obr. 3b).

3 REFERENCNE STAVBY

V nasledujicich odsekoch st uvedené typické priklady
z razenia tunelov. Dve aplikdcie popisujui zlepSenie hornino-
vého prostredia a tretia zniZenie priepustnosti prostredia.

3.1 Metro Brescia

Podzemnd drdha v meste Brescia je automaticky riadeny
systém lahkého metra (ALTR), ktory je v sucasnosti vo
vystavbe. Prepoji sever mesta s juhovychodom pozdlZ histo-
rického stredu mesta.

Celd trasa je vedend v rdznych nadmorskych vysSkovych
urovniach. V oblasti viac na sever bude trasa realizovand
v zarezoch, v historickom centre je trat’ v tuneli budovanom
pomocou metédy EPBM. Dlzka tunela 5344 m, priemer 9150
mm, z geologického hladiska razeny v prostredi tufov, siltov,
flov a Strkov. Zvys$na Cast trate je vedena nad terénom pripad-
ne na viadukte.

Pod vysokou budovou v oblasti, ktorou prechddzalo razenie,
nazyvanou ,,Punto & Virgola“ bolo potrebné realizovat spev-
nenie horninového prostredia pre umoznenie razenia tunela

Obr. 3 GROUTMASTER SR10 Aplikdcia: a) radidlna; b) vertikdlna
Fig.3 GROUTMASTER SRI10 Treatment: a) Radial; b) Vertical

22. rocnik - €. 1/2013

GROUTMASTER SR10 mixtures are suitable for ground
improvement and waterproofing treatment, ideal either for super-
ficial or deep treatment, applicable both radial (Fig.3.a) or verti-
cal (Fig.3.b) treatment.

3 CASE HISTORY

Notable tunnelling case histories are provided in the following
sections. Two Case Histories referred to ground improvement
treatment and one referred to waterproofing treatment. The cases
will be set out by specific problem analysis and applied solution.
3.1 Metro Brescia

The Brescia underground, is an automatic control light rail
transit (ALTR), currently under construction that will link the
north city with the south-east along the historic centre.

The entire line has being developed at different altitudes. In the
area further north the line will be built in the trenches, crossing
the historic centre is in tunnel, made by EPBM. The remaining
line of will be built at grade and viaduct.

Under a building, inside the direction district, called "Punto &
Virgola" has been necessary to perform ground improvement to
enable the mechanized excavation of the tunnel by a full section
drill EPBM (Earth Pressure Balance Machine), to minimizing
subsidence led to the above structure.

Another problem has been related to the timing of intervention.
All the consolidation must to be made within 20 calendar days.

The ground improvement injections covered a thickness of 3m
around the profile of the excavation until