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Vézeni ¢tenari, kolegové tunelari,

dostalo se mi cti predstavit vdm nové &islo naseho, véfim, Ze oblibeného ¢asopisu TUNEL. Co fici o jeho néplni? Podle mého neskromného dsudku se opét jednd
o velmi vydarené &islo s mnoZstvim poutavych i poucnych ¢ldnku nejen z Geskych a slovenskych per. .

V prvé radé se svymi prispévky jiz tradi¢né predstavuje spole¢nost Subterra, a. s., bezesporu jedna z nejzkusenéjsich ¢eskych dodavatelskych firem. Clanky sezna-
muji ¢tendre jednak s poslednimi realizacemi spole¢nosti na Kralovopolském tunelu v Brné nebo na budovanych tunelech na Zelezni¢ni trati Votice—BeneSov u Prahy,
ale co je alespon pro mé velmi zajimavé, i s vlastni historii vyuZiti plnoprofilovych razicich stroju. Tento ¢ldnek je dnes zajimavéjsi i ve svétle piipravy razby pro-
dlouzeni prazského metra za pomoci zeminového Stitu.

Vice neZ obvykle je toto &islo vénovéno &lankum popisujicim zkuSenosti a poznatky z vystavby podzemnich dél v zahrani¢i. Zastoupeni zde maji prispévky
o projektech v USA, Bulharsku nebo v Grénsku. Pro dokresleni déni v domdcim, tj. Cesko-slovenském prostredi, jsou v tomto &isle obsaZeny ¢lénky o rekonstrukei
bratislavského tramvajového tunelu a o vybaveni stanice metra Nérodni tfida v Praze vytahem.

Pri ¢teni prave tohoto ¢isla vam preji prijemny zédZitek spojeny se ziskdnim novych zkuSenosti a inspirace k dalSi praci a tfeba i k napsdni ¢lanku o vasi stavbé
nebo projektu. 3

Dovolte mi, prosim, jesté pér slov. Casopis Tunel se i vlivem piipravy a konéani svétového tuneldfského kongresu 2007 v Praze ustélil ve vysoké drovni kvality,
jak co do rozsahu &isel, tak predevsim co do obsahu jednotlivych ¢ldnku. O této skuteCnosti svedéi reakce Stendru nejen z prostiedi Geskych a slovenskych tuneldru,
ale co je pro nds vSechny velmi cenné, i ze zahrani¢i. Také vyznam jeho zarazeni mezi recenzované neimpaktované ¢asopisy je vhodné pripomenout.

Jak svétovy kongres WTC 2007, tak podle mého nézoru jesté vice éervnova konference Podzemni stavby Praha 2010, dokdzaly, Ze v naSich raddch jsou velmi
schopn{ organizatori, poradatelé a predevsim pfednasejici a autofi odbornych prispévku obecné. To vie svédéi o vysoké drovni naseho podzemniho stavitelstvi. Dalo
by se fici uspokojivy stav. BohuZel mnoZstvi pripravovanych staveb a leckdy kvalita provadénych praci, kompetentnost stavebnich dozoru, technickd propracova-
nost projektu a v kone&ném dusledku i zpusob provozu nasich dél uZ zcela uspokojujici nejsou. Samoziejmé Ze ne pausdlné. Vysledkem toho je vSak stle velmi
podcenované vnimdni nasi prace nejen politickou reprezentact, ale co je horsi, i obecné verejnosti. Nelze se potom divit, Ze prvnim mistem, kde se za¢ind Setfit, jsou
inZenyrské stavby.

Lidska spole¢nost je od vzniku civilizace zaloZend na potiebé prepravy zboZi a osob. V moderni dobé si nelze predstavit komunikace vSeho druhu bez tunelu, byt
jejich vystavba oproti béznym stavbdm je moznd sloZzit€jsi, drazsi a jisté rizikovéjsi. Snazme se proto vSichni nejdrive sami mezi sebou neomlouvat nekvalitni praci
a naopak respektovat préci kvalitni. AZ potom se muzeme doZadovat dcty a z4jmu o nase dila u obyCejnych ,,netuneldru*“. AZ potom bude snaz3 tyto nutné stavby
prosazovat proti ekologickym extremistim, senzacechtivym novinarim, povySenym politikim a vibec viem, ktef{ t€71 z nasf vlastni negativni reklamy.

Aby muj tivodnik nebyl zakon&en takto pesimisticky, tak je nutné dodat jednu zékladni tuneldskou pravdu. Kvalitn€ provedeny, rozumné navrZeny a bez problé-
mu provozovany tunel nemé kritikt. Vlastné on provozovany tunel obecné nemivé moc oponentu... .

Ing. PAVEL SOUREK,
odborny redaktor a clen redakcni rady Casopisu Tunel

Dear readers and colleague tunnellers,

I have been honoured to introduce the new issue of our, I believe, popular TUNEL journal. What to say about its content? In my immodest opinion, this is again
a very good issue, containing lots of interesting and instructive papers, not only from the pens of Czech or Slovak authors.

First of all, Subterra a.s., undisputedly one of the most experienced Czech contractors, traditionally introduces itself through its contributions. Its articles inform
readers not only about the last works of the company on the Kralovo Pole tunnel in Brno or the tunnels being under construction on the Votice-BeneSov u Prahy rail
line, but also about the history of using full-profile tunnel boring machines by the company, which is very interesting at least for me. This article is even more inter-
esting today, in the light of the preparation of driving of a Prague metro extension using an EPB TBM.

More than usual, this issue is dedicated to papers describing experience and lessons learnt during the construction of underground structures abroad. It contains
papers on projects in the USA, Bulgaria or Greenland. To sketch in the activities in the domestic, i.e. Czech-Slovakian environment, this issue contains papers on the
reconstruction of the tram tunnel in Bratislava and furnishing Narodni Tfida metro station in Prague with a lift.

I am wishing you pleasant reading of this issue, gaining of new experience and inspiration to further work and, possibly, writing an article about your constructi-
on or design.

Allow me, please, to say something more. TUNEL journal, even owing to the preparation and organisation of the World Tunnel Congress 2007 in Prague, has sta-
bilised itself at a high quality level, both in terms of the scope of the issues and, first of all, the content of individual articles. Evidence of this fact is provided by res-
ponses of readers not only from the environment of Czech and Slovak tunnellers but also from abroad, which is highly valued by all of us. The importance of its
incorporation among peer-reviewed, non-impacted journals is also worth mentioning.

Both the WTC 2007 World Tunnel Congress and, in my opinion even more, the Underground Construction 2010 conference held in Prague proved that there are
very skilful organisers and, first of all lecturers and, in general, authors of technical papers among us. All of this shows the high level of our underground construc-
tion industry. We could consider this state as satisfactory. Unfortunately, the quantity of projects under preparation and often quality of works being performed, com-
petence of site supervisors, technical refining of designs and, in the final result, even the way of operating our workings are not fully satisfactory. Of course, this does
not apply in general. Unfortunately, this state results in continuing underestimation of our work not only by political representatives but also, which is even worse,
by the public. No wonder then that the first place where money saving efforts start are civil engineering projects.

Since its origination, the human society has been founded on the need for transporting goods and people. In modern times it is difficult to imagine roads of all kind
without tunnels, even though the construction may be more complicated, more expensive and certainly more risky compared with common structures. For that rea-
son let us all cease excusing one another’s poor quality work and, just the opposite, appreciate high quality work. Only then can we call for respect for and interest
in our work from ordinary “non-tunnellers”. Only then will it be easier to press the implementation of these necessary constructions against environmental extremists,
sensation-seeking journalists, disdainful politicians and all who take advantage of our own negative publicity.

To avoid concluding of my editorial in this pessimistic way, I must add one basic truth. There has never been any criticism about reasonably designed tunnels, built
at high quality and operated without problems. As a matter of fact, no operating tunnel in general has many opponents.

Ing. PAVEL SOUREK,
technical editor and member of the Editorial Board of TUNEL journal
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VAZENI CTENARI CASOPISU TUNEL!

Za Ctyficet pét let Zivota firmy Subterra prosly jejimi pracovisti jiz dve
celé generace zaméstnancu. Jejich vyména probihd kontinudlné, takZe
dochdzi k zadoucimu prolindni zkusSenosti s mladickym eldnem. V posledni
dob¢ u nasi spole¢nosti prevlddl proces omlazovani, a to i na kli¢ovych
postech vedoucich pracovniku divizi a jednotlivych projekta. Dotkl se
i nejzdvaznéjsich tunelovych staveb, kde vznikd vétsina nasi produkce. Zdd
se, Ze prindsi svoje ovoce. Jde hlavné o zménu v pristupu, v mysleni
a orientaci v modernich technologiich.

Jak vime, leto$ni rok je z hlediska problematiky vystavby tuneld zajima-
vy tim, Ze v ném byla zahdjena stavba trasy metra A z Dejvic do Motola. Na
této stavbé budou poprvé v Ceské republice nasazeny moderni tunelovaci
stroje nové generace typu EPB. Nem4 ted vyznam spekulovat nad tim, zda
to je, nebo neni pozdé. Jde o to uznat, Ze cosi velmi zdsadniho se meni. Ze
dochdzi k podobnému procesu, jako ve vétsiné vyspélych zemi svéta, kde
vyuziti téchto sofistikovanych systému razantné stoupd a vyrazné konkuru-
je klasickym tuneldfskym technologiim. Proto je dobre, Ze jsme zachytili
tento trend a Ze Subterra, a. s., se na nasazen{ téchto stroju bude podilet tak,
jako se podilela i na celé pfiprave.

Technologicky mimorddné ndrocnd je i stavba Kralovopolskych tunelt
v Brné. I zde se na fizeni projektu podileji technici nastupujici generace,
jako na priklad ing. Véclav Dohndlek, ktery je spoluautorem jednoho ze
&lankd v tomto vydéni Easopisu. Clének se vraci k nékterym diskutovanym
aspektim vystavby a déle popisuje podrobné zkusenosti s velmi kompliko-
vanou betondz{ definitivniho osténi tunelu.

Velmi zajimavou stavbou je modernizace Zelezni¢ni trati v useku
Votice-BeneSov u Prahy, kterou provadi nase spolecnost spolu s dal§imi
partnery ve sdruZeni. Souéésti stavby je i pét dvoukolejnych tuneld, z nichz
Ctyfi realizuje Subterra, a. s., vlastnimi silami. Pravé zde pracuje kolektiv
techniki ve vyrazné omlazené podobé. Vétsiné z nich je okolo tficitky
a vyjimkou neni ani vedouci projektu ing. Radim Sponar, ktery o stavbé pise
ve svém Cldnku. Jeho poznatky jsou opravdu mimorddné zajimavé. Vzdyt
jde o jeden z mdla tuneli v Ceské republice, které se kdy razily v kompaktni,
abrazivni a pritom ne tak zcela stabilni Zule se vSemi s tim souvisejicimi
problémy a komplikacemi. Stavba je v plném proudu, je mozno vsak jiz
opatrné konstatovat, Ze mlady kolektiv technikii nové generace se s témito
problémy vyrovndvd zatim na vybornou; jeden z téchto tuneld —
Olbramovicky uZ byl pod vedenim ing. Jakuba Némecka v primdrnim osté-
ni UspéSné prorazen.

Idedlni samozrejme je, kdyZ se na stavbach spoji energie a schopnost apli-
kace novych technologii mladych pracovniku se zkuSenostmi téch starSich.
Proto je dobre, Ze zkuSen{ pracovnici u Subterry, a. s., tuto roli plni. Vzdyt
je na co navazovat. Historie vystavby tunelt u firmy je dctyhodnd a tykd se
dokonce i aplikace prvnich tunelovacich stroju, kterd se v nasi zemi zaCala
odehrdvat nékdy zacdtkem sedmdesétych let. Pravé organizace, ze které se
zrodila Subterra, byla u toho prvni a fada pamétniku u ni pracuje dodnes.
Prévé o této historii piSe ve svém Clanku ing. Franczyk. Jde o zajimavou
sondu do pionyrskych dob plné mechanizovaného tunelovdni, které u nasi
firmy pretrvaly aZ do poloviny devadesatych let. Troufdm si tvrdit, Ze tako-
vou souvislou a dlouhou historii vyuZivani tunelovacich stroju zadnd jina
firma v CR ani na Slovensku nemd. Stejné tak je vyjime&né postaveni firmy
Subterra ve vyuzivani technologie mikrotunelovani na nasem trhu, a to roz-
hodné nenf ndhoda.

V tom je moZno spatfovat i vyzvu pro zminovanou
nastupujici generaci techniku na tunelovych stavbéch.
Aby dspesné zvladli aplikaci té€ch nejmodernéjSich
technologif tak, jak se to podarilo t¢ém pfed nimi. A aby
napsali svymi stavbami dal$i zajimavé kapitoly do
bohaté kroniky vystavby tunell u firmy Subterra, a. s.
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DEAR READERS OF TUNEL JOURNAL,

Two complete generations of employees have gone through jobs with Subterra a.s.
during the forty five years of its existence. They have been replaced continually, the-
refore their experience is interwoven with youthful zeal in a desirable way. A process
of building up younger teams has prevailed in our company lately, even as key positi-
ons of managers at divisions and projects are concerned. The process has even touched
the most important tunnel construction projects, where the majority of our production
originates. It seems that it produces good results, first of all a change in the attitude,
thinking and becoming well informed about modern technologies.

As we know, this year is interesting in terms of tunnel construction issues owing to
the fact that the construction of the Metro Line A extension from Dejvice to Motol star-
ted in it. It will be the first project in the Czech Republic where modern tunnel boring
machines of the new EPB generation will be used. There is no sense today in specula-
ting about whether it is or is not late. The point is that it is necessary to recognise the
fact that something fundamental is changing, that a process similar to the processes in
the majority of advanced countries in the world, where the use of these sophisticated
systems soars and significantly competes with traditional tunnelling technologies, is
taking place. It is therefore good that we have identified this trend and that Subterra a.s.
will participate in the use of these machines in the same way as it participated in the
whole project planning process.

The construction of the Krdlovo Pole tunnels in Brno is also exceptionally difficult
in terms of technology. Young technicians of the new generation, for example Vaclav
Dohnélek, a co-author of one of the papers published in this TUNEL issue, participate
also in this project. The paper gets back to some aspects disputed during the construc-
tion and describes in detail the experience gained during very complicated casting of
the final lining.

The modernisation of the rail track section between Votice and BeneSov u Prahy,
which is being carried out by our company jointly with other members of a consortium,
is another interesting project. Parts of the project are five double-track tunnels. Four of
them are being constructed by Subterra a.s., using its own sources. This project is one
of those ones where a team of technicians works in a significantly youthful compositi-
on. The majority of them are at the age of about thirty. Radim Sponar, the project mana-
ger, who writes about the project in his paper, is no exception. His knowledge is really
exceptionally interesting because the tunnel is one of the few tunnels in the Czech
Republic where the excavation passes through compact, abrasive, even though not
completely stable granite, with all associated problems and complications. The con-
struction is still in full swing, but it is possible already now to cautiously state that till
now the young team of technicians of the new generation has been coping excellently
with the problems; one of the tunnels, the Olbramovice tunnel, has under the leaders-
hip of Jakub Némecek, successfully broken through with the support provided by a pri-
mary lining.

Of course, it is ideal for constructions if the energy of young workers and their abi-
lity to apply new technologies is combined with experience of older ones. It is therefo-
re beneficial that experienced employees have fulfilled this role in Subterra a.s. After
all, there are good things to follow in. The company’s tunnel construction history is res-
pectable. It even comprises the application of first tunnel boring machines, which star-
ted to take place in our country about the beginning of the 1970s. It was the organisati-
on from which Subterra a.s. originated that was the first to use them. Many witnesses
of this period work with the company till now. This history is the subject of Karel
Franczyk’s paper. The paper is an interesting probe into the pioneering period of fully
mechanised tunnelling, which lasted in our company up to the half of the 1990s. I dare
say that there is no other company in the CR or Slovakia having so long, uninterrupted
history of using tunnel boring machines. Similarly exceptional position of Subterra a.s.
on our market is in the area of microtunelling. This is by no means accidental.

It is possible to view it as a challenge for the above-mentio-
ned coming generation of technicians on tunnel construction
sites. To successfully cope with the application of state-of-the-art
technologies in a way similar to the previous generation. And,
through their projects, to write new interesting chapters in the
extensive annals of tunnel constructions in Subterra a.s.

ONDREJ FUCHS

generalni feditel Subterra, a. s.
Chief Executive Officer Subterra, a. s.




19. rocnik - €. 3/2010

Tuel

KRALOVOPOLSKY TUNEL V BRNE - SHRNUTI DOSAVADNIHO
PRUBEHU VYSTAVBY
KRALOVO POLE TUNNEL IN BRNO - REVIEW
OF THE CONSTRUCTION COURSE TO DATE

VACLAV DOHNALEK, MILAN PATEK

Kralovopolsky tunel v Brné, nékdy také oznaCovany jako tunel
Dobrovského, patii mezi nejdiskutovanéjsi tunelové stavby v Ceské
republice. Informace o prubéhu vystavby a jejich aspektech se pravi-
delné objevuji v Casopise Tunel, napfiklad v roce 2009 byly publikova-
ny (1) ¢lanky V. Hordka (pohled projektanta) a v ¢isle 3 to byl (2) ¢la-
nek (J. BaCa, V. Dohndlek) popisujici stav vystavby v poloviné€ prova-
déni primdrniho osténi. Dalsi ¢lanky vysly napiiklad v Casopise Silniéni
obzor (3) z letodniho roku a popis prubéhu vystavby se objevil také ve
sborniku konference Podzemni stavby Praha 2010. Pfesto se domnivé-
me, Ze stoji zato informovat odbornou vefejnost i nadéle o tom, jak pro-
bihaji prace na Krdlovopolskych tunelech, a to hned ze dvou davodu:
Jednak se jednd o unikétni stavbu v CR jak s ohledem na geologické
pomeéry, technologii vystavby tak i z hlediska situace na povrchu nad
raZenym tunelem, a proto je potiebné informovat o celém prabéhu
vystavby co nejpodrobnéji. Dalsim duvodem je podle naSeho nédzoru
skute¢nost, Ze celd pfiprava vystavby byla v odbornych kruzich Siroce
komentovdna a po urcitych zkuSenostech z vystavby je uziteCné se
k témto diskusim vrdtit z pohledu zhotovitele. Ostatné pravé o to se
pokusil zdstupce hlavniho projektanta tunelu V. Hordk ve svém (1)
¢lanku a my bychom rddi nabidli pohled zhotovitele v nynéjsi etapé
vystavby. Moznd bude dobré uz dopfedu poznamenat, Ze to nebude
pohled kontroverzni, ale Ze pohled zhotovitele a projektanta je v dané
véci velmi blizky.

NS Cldnek se tedy nejprve vrati k nékterym diskutovanym zéleZitos-
tem neddvné i vzdalenéjsi minulosti, které s vystavbou tak ¢i onak sou-
viseji, a v dal3{ Césti se budeme vénovat poslednimu vyvoji prabéhu
vystavby, tedy zejména sekunddrnimu osténi. Tentokrdt vynechdme
vétSinu zdkladnich technickych ddaju o tunelu, protoZe ty jiZ byly popi-
sovédny i v tomto ¢asopise mnohokrat.

1. ZHODNOCENI PRUBEHU RAZEB

Historie

Vystavba tunelu fakticky zacala jiz v letech 2001 az 2003, kdy byly
provedeny pruzkumné $toly. Vystavbu jedné ze 3tol realizovala v rdmci
samostatné smlouvy nase spole¢nost — Subterra, a. s., a to pfimo kolek-
tiv vedeny Ing. BaCou. Prdvé tentyZ kolektiv J. Bali, samozrejmé

Obr. 1 Pohled na provizorni portdl Krdlovo pole po dokonceni raZeb
pruzkumnych 3tol ze dne 28. 2. 2007

Fig. 1 View of the Krdlovo Pole temporary portal after completion of driving
exploratory galleries, taken on 28/02/2007

The Krédlovo Pole tunnel in Brno, which is sometimes called the
Dobrovského tunnel, is one of the most discussed tunnel structures
in the Czech Republic. Information about the course of the con-
struction and its aspects is regularly published in Tunel journal; for
example, in 2009, a paper (1) by V. Hordk (the designer’s point of
view) and, in issue No. 3, a paper (2) by J. Baca and V. Dohndlek,
describing the construction state in the middle of the installation of
the primary lining. Other papers were published, for example, this
year, in Silni¢ni Obzor magazine (3) and a description of the course
of the construction will appear in the proceedings of the
Underground Construction Prague 2010 conference. Nevertheless,
we suppose that it is worthwhile to continue to inform the professi-
onal public about the current course of the work on the Krdlovo Pole
tunnels, not only for one but for the following two reasons: Firstly,
this construction is unique in the Czech Republic as far as geology,
the construction technique and the situation on the surface above the
mined tunnel are concerned. It is therefore necessary to provide the
most detailed information about the course of the construction. The
other reason is, in our opinion, the fact that the entire construction
planning stage was widely commented within professional circles
and, after gaining certain experience from the construction, it is rea-
sonable to get back to the discussions from the contractor’s point of
view. As for that, V. Hordk, a representative of the main tunnel
designer, attempted to do the same thing in his paper (1). Now we
would like to offer the contractor’s view at the current construction
stage. It may be useful if we note in advance that it is not going to
be a controversial view because the contractor’s and designer’s
views on this subject are very similar.

Our paper will, therefore, get back to some matters discussed in
the recent or more distant past, which are related to the constructi-
on in some way. In the next part we will dedicate ourselves to the
latest development of the construction works, first of all the secon-
dary lining. This time we are going to leave out most of the basic
data on the tunnel because it has been described many times, even
in this magazine.

I. EVALUATION OF THE TUNNEL EXCAVATION COURSE
History

The construction of the tunnel factually started as early as 2001
through 2003 by driving exploratory galleries. The construction of
one of the galleries was carried out within the framework of an inde-
pendent contract by our company, Subterra a. s., directly by a team
headed by Ing. Baca. It was the same team of J. Baca, of course
slightly changed, that carried out the excavation of tunnel tube II
many years later (TT I is constructed by OHL ZS). This system pro-
ved very useful taking into consideration specific properties of the
geological environment. This personal attitude is therefore recom-
mendable even for other tunnel constructions where exploratory
galleries are used.

The excavation support had to be reinforced prior to commencing
the excavation only in the portal area (approximately 100m) on the
basis of an order issued by the OBU (the Regional Bureau of Mines)
in Brno. In addition, water-bearing gravel layers in the top heading
area on the Krédlovo Pole portal side was improved by grouting wit-
hin the framework of this work. This grouting operation (4) was
very successful. Inflows of water to the heading in the particular
section were significantly reduced. It contributed to the trouble-free
excavation of the tunnel calotte in one of the most critical locations
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Obr. 2 Pohled na provizorni portdl Krdlovo pole po zahdjeni razby T I ze dne
19.6.2008

Fig. 2 View of the Krdlovo Pole temporary portal after the commencement of
driving T 1, taken on 19/06/2008

s uritymi obménami, pak o 5 let pozdgji realizoval i vlastn{ razbu tune-
lové roury II (vystavbu T I provadi OHL ZS), coZ se velmi osvéd&ilo
vzhledem ke specifickym vlastnostem geologického prostiedi a je
mozno tento personalni pfistup doporucit i pro jiné stavby tuneld, kde
se vyuZivd prizkumnych §tol.

Na zdkladé nafizeni OBU v Bmé bylo pied zahdjenim vlastnich
razeb provedeno zesileni vyztuZe v piiportdlové ¢dsti — cca 100 m
a déle bylo v rdmci téchto praci provedeno proinjektovani zvodnélych
Stérkovych vrstev v prostordch kaloty na strané kralovopolského porté-
lu. Tato injektdz (4) byla velmi Gspésnd, vyrazné omezila pritoky vody
do Celby v daném tseku a prispéla k bezproblémovému vylomu kaloty
tunelu v jednom z jeho nejkriti¢téjsich mist (nizké nadlozi, zdstavba na
povrchu, zvodnélé Stérkové vrstvy). Celkove lze tedy napsat, Ze exi-
stence prazkumnych $tol se prokazala byt velmi efektivni a e zpozdé-
ni vystavby v tomto ohledu nesehrdlo Zddnou negativni roli. Nafizeni
OBU v Brné pomohlo urychlit schvalovaci proces vystavby tunelt
a rozhodné mélo na bezpe€nost praci pozitivni vliv.

Eliminace nepfiiznivé geologie

Specifickym problémem tunelu Dobrovského je geologické prostredi,
které je z velké Casti tvofeno neogennimi jily (brnénské tégly), coZ jsou
v daném misté jemnozrnné zeminy s vysokou plasticitou o tuhé az pevné
konzistenci, v prostordach tunelu prekonsolidované. Hlavnim zdrojem
obav je u tohoto typu zemin jejich tendence k dlouhodobym vyvojim
deformaci. Proto je asi pred€asné poddvat nyni, kdy vystavba sekundér-
niho osténi tunelu nen{ ani dokoncena, jakékoli zavéry k razbam v tomto
prostedi (byt'dosavadni vyvoj je minimdlné uspokojivy). Chceme vak
zduraznit velmi dobrou spoluprdci s Radou monitoringu (zkr. RAMO)
vedenou prof. Aldorfem a doc. Hordkem. VSechna doporucend opatfen{
byla flexibilné diskutovdna na RAMO, posléze pripadné déle ménéna,
upravovdna nebo naopak vypousténa. Neni mozné si predstavit dspesné
dokoncenf tak ndro¢ného projektu bez existence takovéto rady, obsaze-
né Spickovymi odborniky a zdstupci vSech stran vystavby. Takto bylo
mozné zvlddnout i nékteré kritické okamziky vystavby, kdy se nékteré
sledované veli¢iny bliZily ke svym limitnim hodnotdm.

Na zdkladé vySe zminénych odbornych diskusi doslo pred zahdjenim
razeb k ur¢itym obméndm projektu a k radé doprovodnych opatreni.
Tato opatfenf jiZ komentoval V. Hordk (1), takZe jen shrnujeme:

— mirnd dprava tvaru vyrubu,

— vyztuzeni priméru vyztuznymi prvky HEBREX a BRETEX,

— zkrdceni rozestupu dil¢ich Celeb,

— roz§iten{ clonicich stén na povrchu,

— kompenzacni injektaZe u zvlast ohrozenych budov,

— néhrada stdvajicich osténi §tol,

— mikropilotové destniky.

Vsechna uvedend opatfeni méla charakter preventivni. Nicméné §lo
ve vech pripadech o vyrazné posileni bezpe¢nosti, a to u staveb toho-
to typu byvd samozrejmé to hlavni.

Organizace vystavby
Vyjimecné geologické pomery tunelu se samoziejmé podepsaly také
na unikdtnim zpusobu raZeni. Jednalo se o observaini metodu
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Obr. 3 Pohled na provizorni portdl Krdlovo pole pri montdZi pojizdné bednici
formy na T II a izolatérského vozu na T I ze dne 31. 8. 2009

Fig. 3 View of the Krdlovo Pole temporary portal during the assembly of the
traveller formwork in T II and the waterproofing installation platform in T I,
taken on 31/08/2009

(shallow overburden, existing buildings on the surface, water-bea-
ring gravel layers). In general, it is possible to write that the exi-
stence of the exploratory galleries proved to be very effective and
the construction delay relating to the galleries did not play any nega-
tive role. The order issued by the Brno OBU helped to accelerate the
process of approving the construction of the tunnels and certainly
positively affected the safety at work.

Elimination of unfavourable geological conditions

The geological environment is a special problem of the
Dobrovského tunnel construction. It is mostly formed by Neogene
clay (the Brno Tegl), which is in the given location highly plastic,
fine-grained soil with rigid to solid consistency, which is over-con-
solidated in the tunnel area. The main source of concerns regarding
this type of soils is their tendency toward long-lasting development
of deformations. It may be premature for us today to present any
conclusions regarding the excavation through this environment now,
before the completion of the construction of the final lining (even
though the development to date has been at least satisfactory).
Anyway, we wish to highlight very good collaboration with the
Monitoring Board headed by Professor Aldorf and Doc. Hordk. All
recommended measures were flexibly discussed at the Board mee-
tings, to be possibly further changed, modified or even rejected. It
is impossible to imagine successful completion of such the compli-
cated project without the existence of a monitoring board, gathering
top experts and representatives of all parties to the project. Owing
to this system it was possible even to overcome some critical
moments of the construction, with some quantities being monitored
getting close to the limit values.

Certain changes in the design and a range of accompanying mea-
sures were implemented on the basis of the above-mentioned pro-
fessional discussions before commencing the tunnel excavation.
The measures have already been commented on by V. Hordk (1), so
we only summarise them:

— a slight change in geometry of the excavated cross-section,

— HEBREX and BRETEX girders used for the primary support,

— reducing the distances between partial headings,

— addition of cut-off walls installed from the surface,

— compensation grouting under especially endangered buildings,

— replacement of the existing lining of the galleries,

— canopy tube pre-support.

The character of all of the above measures was preventative.
Nevertheless, all of them significantly improved the safety, which is
always the main aspect of constructions of this type.

Construction organisation

Of course, the exceptional geological conditions required
a unique excavation technique. An observational method was used
with an excavation sequence combining a horizontal system (top
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Obr. 4 Pohled na provizorni portdl Krdlovo pole po zhotoveni sekunddrniho
osténi obou tuneli ze dne 1. 6. 2010

Fig. 4 View of the Krdlovo Pole temporary portal after completion of the final
lining in both tunnels, taken on 01/06/2010

s horizontdlné i vertikdln¢ ¢lenénym vyrubem. Celkem se jednalo
v kazdé tunelové roufe o Sest dil¢ich vyrubu, které byly blize popsany
v difvéjsich ¢lancich (2, 3). V kazdém dil¢im vyrubu byl postup ome-
zen na jeden metr s nutnosti okamzitého uzavieni profilu. To se pocho-
pitelné vyrazné projevilo na dosahovanych mési¢nich postupech, které
se pohybovaly okolo 50 m.

Organizace razeni byla kritickd i s ohledem na bezpe¢nost prace (zkr.
BP). Neustélé prejizdéni mechanizace s sebou prindselo extrémni néro-
ky na dodrZovani pravidel BP, ¢asto vynucované u pracovniki i pomoci
penéznich stimula. Maximalni pozornost bylo nutno vénovat technolo-
gickym postupum, dopravnim fadam, havarijnim pldnum, hodnocen{
rizik, planim unikovych cest a ve§kerym pokynim a pravidlim pro
pohyb osob v raZenych dilech. I tak bohuZzel doslo k nékterym trazim
a dokonce i k jednomu drazu smrtelnému na Tunelu 1.

Stavebni mechanizace v tunelu musela byt pfi razbé podrizena zmen-
Senym profilim jednotlivych dil¢ich vyrubu. Tykalo se to zejména
vrchnich boénich lavek (14 m2). Musely se pouZivat méné vykonné
mechanismy, napiiklad stroje na stiikdni betonu (2). Dalsi omezeni
vyplynula z blizkosti povrchové zéstavby, kde se vyrazné projevovaly
napiiklad vibrace z bourdni osténi Stol. Proto bylo pfistoupeno
k bourdni pomoci predrezdvani diamantovou pilou a k stithdni hornich
Zeber §toly pomoci hydraulickych naZek na beton.

Zvlastni opatieni pfi razbé

Dulezité bylo, e provddény monitoring byl komplexni a v jednom
centru tak bylo moZno ziskat veskeré potfebné ddaje. Jak bylo jiz zmi-
néno difve, velkou roli v prubéhu razeb sehréla spoluprice zhotovitele
s Radou monitoringu a prabézna reakce na vysledky méfeni. Takto
vznikl pozadavek na nékteré zvlastni opatreni pri razbé s cilem elimi-
novat maximalné negativni dusledky raZby na povrch.

Jednalo se napiiklad o kompenza¢ni injektdZ vybranych objektu (5).
Celkem §lo o 26 objektd, coZ je i z evropského pohledu vyjime&né.
Vytypovani téchto objektd vyplynulo ze sledovéni dlouhodobych
deformaci po provedeni prazkumnych $tol. Objekty byly ke kompen-
zaénim injektdzim pripraveny (injektdZni Sachty, clony z TI, atp.) jiz
v predstihu pred vlastni razbou a tak, jak byly sledovény vysledky sku-
te¢nych deformaci, byla pak provadéna vlastni kompenzacni injektaz
pomoci jilocementové suspenze. V nékterych pripadech byly tyto injek-
tdze opakovdny az 20x. Nicméné jejich d¢inek byl nezpochybnitelny
a prispél k dosavadnim uspokojivym vysledkim na povrchu.

Dal§im opatrenim, o kterém stoji za to se zminit, byly mikropilotové
destniky. Ty byly pouzity jednak k zajisténi viech portéla, ddle byly
vyuZivany v podstatné mife i v prubéhu vlastni razby kaloty. Jeden véjif
byl tvofen 19 ks mikropilot o délce 17 m. Véjite byly zhotovovany
v krocich po 8 m. Celkové se dd Fici, Ze mikropilotové destniky potvr-
dily svoji ucinnost a napriklad v priportalové ¢asti a v prostoru razby
zvodnélych nesoudrZznych sedimentech se dobre dopliovaly s che-
mickou injektdzi.

Vsechna uvedend opatieni se priznivé podilela na dspé$ném postupu
razicich praci, takZe mohlo dojit 25. brezna 2010 k slavnostni prorazce
obou tunelovych rour.

Obr. 5 Pohled do pruzkumné §toly ze dne 10. 12. 2007, 4 roky po jejim
vyraZeni

Fig. 5 View inside the exploratory gallery, taken on 10/12/2007, 4 years after
the completion

heading, bench and invert) and a vertical system (side-wall drifts
and a core). In total six partial headings were in progress in each
tunnel tube. These were described in more detail in previous papers
(2, 3). The round length was limited to one meter for each partial
heading and the profile had to be immediately closed. This fact
understandably significantly affected the monthly advance rates
achieved, which fluctuated about 50m.

The organisation of driving operations was critical even in view
of safety at work. Permanent moving of equipment between the hea-
dings carried extreme requirements for maintaining safety regulati-
ons, which had often to be enforced among workers even by means
of financial stimuli. Maximum attention had to be paid to technolo-
gical procedures, traffic orders, emergency plans, risk assessment,
escape route planning and all instructions and rules for movement of
persons in the mined workings. Even so, several injuries happened,
even one fatal.

The selection of construction equipment to be used during the
excavation in the tunnel had to be subjected to the smaller profiles
of the partial headings. This applied first of all to upper benches
(14m2). Lower-performance machines, for example concrete spray-
ing machines (2), had to be used. Other restrictions followed from
the closeness of existing buildings, where, for example, the vibrati-
ons induced when the lining of the galleries was being broken mani-
fested themselves distinctively. For that reason, we started to break
the lining by means of pre-cutting it with a diamond blade saw and
cutting of upper support ribs in the gallery with concrete demolition
shears.

Special measures during excavation

As mentioned above, a major role was played during the excava-
tion by the collaboration of the contractor with the Monitoring
Board and the continual response to the monitoring results. The fact
was important that the monitoring was comprehensive, therefore all
required data was available in one centre. This is how a requirement
for some special measures to be implemented during the excavation
originated, with the aim of eliminating negative effects of the exca-
vation on the surface to the maximum extent.

One of the measures was compensation grouting under selected
buildings (26 in total). This number is exceptional even on the
European scale. The selection of the buildings was carried out on
the basis of long-term monitoring of deformations after the comple-
tion of the exploratory galleries. The buildings were prepared for the
compensation grouting (grouting shafts, jet-grouted curtains etc.) in
advance of the tunnel excavation. The compensation grouting using
a clay-cement suspension was carried out with respect to actual
deformations identified by the monitoring. In some cases the grout
injection was repeated twenty times. Nevertheless, the success no
doubt could be cast upon the effect of the grouting. It contributed to
the satisfactory results achieved on the surface till now.

Another measure worth mentioning was the installation of cano-
py tube pre-support. It was applied to all portals and was even used
to a significant extent during the course of the excavation of the top




Obr. 6 Pohled na zesilovdni osténi prizkumné §toly v tiseku pri portdle ze dne
21.9.2007

Fig. 6 View of reinforcing the exploratory gallery lining in the portal section,
taken on 21/09/2007

Jelikoz jiz dfive jsme v Casopisu tunel (2) avizovali, Ze v nékterém
z dalSich Cisel podrobné popiSeme problematiku vystavby sekundarni-
ho osténi na tunelu II, tak nyn{ bude pravé nasledovat tato ¢dst.

Il. KONCEPCE STAVEBNE-TECHNICKEHO RESEN[
SEKUNDARNIHO OSTENI RAZENE CASTI TUNELU II

Hydroizolace

Sekunddrni ostén{ se sklddd ze tfi konstrukénich &asti. Jsou to pro-
tiklenba, klenba a mezistrop (Obr. 10 PFicny Fez sekunddrnim osténim).
Vybudovani sekundédrniho osténi predchdzi osazeni hydroizolace.

Sekundérni osténi vech tunelovych dseku je z rubové strany chra-
néno proti pronikdni podzemni vody uzavrenou celoplo$nou tlakovou
hydroizolaci z mékéeného PVC tl. 3 mm (Sikaplan s reflexni vrstvou).
Technologicky se déli na dvé Casti. Nejvetsi Cast tvori izolace horni
klenby a mensi ¢ast je izolace protiklenby.

Obvod hydroizolace ve standardnim tunelovém profilu je 38,33 m.
Obvod hydroizolace v profilu nouzového zdlivu je 41,16 m. Rubové
tésnici pdsy do dilatatnich a pracovnich spar (tzv. fugendbandy) jsou ze
stejného materidlu, jako je féliovd izolace, tedy z PVC. Presnd poloha
tésnicich pdsu je vytyCena geodeticky.

Souddsti hydroizolaci je téZ pojistny injektazi systém, jenZ umoZnu-
je dodate¢né zatésnéni piipadnych prisaka vody pres sekundérni osté-
ni, ke kterym dochézi z divodu poskozeni izola¢ni flie. U foliové izo-
lace, kterd umozniuje migraci vody za osténim, neni mozné presné urcit
misto poskozeni izolace. Proto je vyhodné vytvorit prostfednictvim
sparovych pasa v dilatadnich a pracovnich spérach tzv. sekce. V kazdé
sekei je systém injektdZznich hadicek, vyvedenych na lic sekunddrniho
osténi do injektdZnich krabic. Tyto rozvody umoZnuji injektovat prostor
mezi f6lif a betonem sekunddrniho osténi, a tedy zat€snit pripadné pru-
saky a obnovit funkénost hydroizolaéni vrstvy. Injektdzni systém je
opakovatelny.

Na kontaktu s drsnym povrchem primédrniho osténi ze strikaného
betonu je izolace chrénéna proti poskozeni ochrannou a drendZn{ vrst-
vou netkané geotextilie gramaze min. 500g/m2.

Stejné je tomu i na lici v protiklenbé az po vodorovny sparovy pds.
V protiklnebé je navic navrZzena ochrannd betonovd vrstva.

Podklad pro izolaci je v klenbé proveden ze stfikaného betonu
s findlni reprofilacni vrstvou tl. min. 30 mm se zrnitosti kameniva max.
4 mm. Minimdlni polomér kfivosti priméarniho osténi je 200 mm, coZ
plati i v mistech, kde se skokové méni geometrie tunelové trouby.
Hloubka nerovnosti max. 10 % délkového rozméru nerovnosti. V pro-
tiklenbé je pro ochranu rubové hydroizolace navrzen podkladni beton
tiidy C16/20 v miniméln{ tloustte 95 mm. Pfi uvaZovdni rezervy na
deformaci primérniho osténi 140 mm (kterd nemusi byt vycerpdna) je
maximalni mocnost podkladniho betonu v ose tunelu 235 mm.

Sekundarni osténi protikienby
Sekundérni osténi protiklenby bylo navrZeno ve dvou variantich.
Prvni varianta pocitala s délenou protiklenbou, druhd s nedélenou
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heading. One 17m long canopy fan consisted of 19 micropiles. The
fans were installed every 8m of the excavation. In general, it is pos-
sible to say that the effectiveness of the canopy tube pre-support was
confirmed. For example, in the portal section and the area where
cohesionless water-bearing sediments were encountered, it was per-
fectly complemented by chemical grouting.

All of the above-mentioned measures favourably contributed to
the successful advancing of the excavation, resulting in the breakt-
hrough ceremony on both tunnel tubes on 25t March.

We notified Tunel journal readers earlier (2) that we would desc-
ribe the issue of the construction of the secondary lining in tunnel T
II in more detail. The description is contained in the following part
of the paper.

Il. STRUCTURAL AND TECHNICAL CONCEPT FOR
SECONDARY LINING IN THE MINED PART OF TUNNEL II

Waterproofing

The secondary lining consists of three structural parts — an invert,
upper vault and an intermediate deck (see Fig. X, Cross-section
through secondary lining). The waterproofing is installed prior to
constructing the secondary lining.

The secondary lining in all mined tunnel sections is protected aga-
inst groundwater seepage on its extrados by a closed, pressure resi-
stant waterproofing system consisting of 3mm thick plasticised PVC
membrane (Sikaplan with a reflexive layer). In terms of technology,
it is divided into two parts. The larger part is the waterproofing of
the upper vault, while the invert waterproofing forms the smaller
part.

The waterproofing-covered circumference of the standard tunnel
profile is 38.33m long. The length of the circumference in the case
of the emergency parking bay is 41.16m. Waterstops, which are app-
lied to the outer surface of expansion joints and construction joints,
are made of the same material as the waterproofing membrane,
i.e. PVC. Exact position of the waterstops is set out by surveying
methods.

Another part of the waterproofing system is a safety injection sys-
tem, which makes additional sealing of contingent leaks through the
secondary lining occurring as a result of damaging the waterproo-
fing membrane possible. Waterproofing membrane using systems
allow migration of water behind the lining, therefore the exact loca-
tion of the damage cannot be detected. For that reason it is benefi-
cial if so-called “sections” are created in the waterproofing by app-
lying the waterstops to both expansion and construction joints.
A system of grouting hoses terminating in grouting boxes on the
inner surface of the secondary lining is installed in each expansion
block. The hoses make injection of grout into the gap between the
membrane and the concrete secondary lining possible. Contingent
leaks can be sealed and the function of the waterproofing layer can
be restored in this way. The grout injection system is repeatable.

The waterproofing membrane is protected against damaging on
contact with the rough surface of the primary shotcrete lining by
a protective and drainage layer of a 500g/m2 nonwoven geotextile.

Obr. 7 Pohled na provizorni portdl Krdlovo pole ze dne 5. 3. 2008
Fig. 7 View of the Krdlovo Pole temporary portal, taken on 05/03/2008
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protiklenbou. Subterra, a. s., jako zhotovitel si vyzddala variantu, z niz
byla vypusténa pracovni spara s ozubem ve stiedu protiklenby a s tim
i specidlni vyztuzné pruty se spojkami HALFEN HBS. Toto feSeni
vyzaduje pro zajistén{ stavenistni dopravy na &elbu razeného tunelu
pouziti mostniho provizoria (Zenijni mostni konstrukce). Toto provizo-
rium je know-how zhotovitele.

Maximadlni tloustka protiklenby je v ose tunelu 1930 mm bez uvazo-
vani deformaci priméarniho osténi. Horni lic protiklenby vychdzi ze §it-
kového uspordddni komunikace, které odpovidd dvoupruhovému jed-
nosmérnému tunelu §itkové kategorie T — 8,5 (CSN 73 7507).

Pro zhotoveni vlastni protiklenby je navrzen typovy beton CSN
EN206-1 C30/37-XC3. Na zhotoveni jednoho pramérného pdsu je
potfeba cca 158 m3. Jako konstrukeni vyztuZ je navrZena evropskd
znacka oceli B5S00B, ndrodni znacka oceli 10 505.9 a je tvorena pruto-
vou vyztuz{ a armokosi. Kryti vyztuZe betonem je predepsdno jmeno-
vité 50 mm, minimalni 40 mm. V jednom primérném pése je navrZeno
17 800 kg vyztuze, coz je 112,7 kg/m3 betonu. Zakladni délka dilatac-
niho celku, tedy jednoho pésu je 10 m. Dilata¢ni spdry jsou vyplnény
extrudovanym polystyrenem o tloustce 20 mm.

Spédra pro napojeni klenby je navrZena ,,zazubend“ (systém pero
a drézka) pro lepsi prenos smykovych sil. VyztuZ v konstrukci je navr-
Zena s ohledem na rychly postup praci v co nejvetsi mite prefabrikova-
nd, tj. svarované armokose a prefabrikované mfizoviny. VyztuZeni kon-
strukce na stavbé 1ze nazvat polomontovanou armaturou.

Sekundarni osténi klenby

Konstrukce klenby ma oproti dokumentaci pro zadani stavby (zkra-
cené DZS) mirné upravenou geometrii lice sekundérniho osténi. To se
tykd vytvoreni rezervy pro deformace primérniho osténi v opéii a tvaru
ozubu, coZ je konzola, na nizZ bude uloZen mezistrop. Jinak je vzdu$ny
lic klenby dén tvarem bednici formy a vychdzi ze $itkového usporada-
ni komunikace, coZ bylo zminéno v predchozi kapitole.

Konstruk&ni beton klenby je navrzen dle CSN EN 206—1 C30/37 XF2
konzistence S 4. Pozédrn{ odolnost konstrukce klenby je R 180 DP1, coZ
je zajisténo pridavkem polypropylenovych vldken Fibrin do 2 kg/m3.
Spotieba betonu na jeden pramérny tunelovy pds klenby je 148 m3.

Betondrskd vyztuz je navrzena svafitelnd Zebirkova evropskd znacka
oceli B500B, ndrodni znacka oceli 10 505.9. Pro snadnéjsi vazani
vyztuZe jsou navrzeny nosné pithradové ramy, svarované armokose,
atypické sit¢ (B500A) a vdzané prutové vyztuze. VyztuZ je samonosna.
Kryti vnéjsi vyztuZe betonem je predepsdno jmenovité 50 mm, mini-
malni 40 mm. Na lici je pfedepsdno pouziti betonovych distan¢nich
podlozek téZ s pridavkem vldken. Spotieba vyztuze na jeden prumérny
tunelovy pés je 12 328 kg, coZ je 83,3 kg/m3 betonu.

Jednim z nejdulezitéjsich faktora kvality povrchu betonové kon-
strukce je termin odbednéni po vyplnéni formy betonem. Ten je ddn
pozadavky na kvalitu betonu. V okamZiku odbednén{ je nutné, aby zra-
jici beton mél pevnost a modul pruznosti, pfi kterém nedojde
k zdvaznym nepripustnym trvalym zméndm tvaru konstrukce vlivem
pretvoreni od vlastni{ tihy, popfipadé poskozeni vyCerpanim tinosnosti
zrajictho betonu. Minimdln{ zaru¢end normova pevnost betonu v tlaku
v okamZiku odbednéni musi odpovidat 8 MPa. Odbedriovaci pevnost je
oveéfovdna na Cele ve vrchliku klenby Schmidtovym tvrdomérem
a porovndna s kfivkou ndbéhu pevnosti betonu. Modul pruznosti, uva-
Zovany ve vypoctu stavu po odbednéni, je odvozen od pevnosti dle
ustanoveni CSN 73 1201 a musi mit minimdlni hodnotu 18 GPa.
Odbednovaci modul je ovérovin prepoctem ze zkousky Schmidtovym
tvrdomérem na Cele ve vrchliku klenby, pripadné z kiivky ndbéhu
modulu betonu.

V okamziku kotveni, vrtani, brouseni a jinych tprav sekunddrniho
osténi musi beton osténi mit vlastnosti odpovidajici minimdlné 28den-
nimu stari. Nesmi pritom nikdy dojit k provrtani celé tlouStky ostén{
a ohroZen{ celistvosti hydroizolace.

V klenb€ je navrzeno nékolik preruseni standardni vyztuze. Je to
v misté krabic pro nouzové osvétleni, montaznich krabic, injektaZn{
krabicky pojistného systému hydroizolace apod. Plechové bednéni kra-
bic se fixuje na plast bednici formy.

Bednici viz se pohybuje v trase raZeného tunelu na kolejnicich osa-
zenych na vodorovnych plochéch v tdrovni pracovni spary mezi protik-
lenbou a klenbou. Pracovni spdry betonovych konstrukci jsou vzdy
upraveny a oSetfeny tak, aby kazda spdra splfiovala v§echny vlastnosti
kladené na homogenni betonovou konstrukci. Mimoradné pracovni
spéry jsou opatieny adheznim mustkem.

Zékladni délka dilata¢niho celku je stejnd jako v protiklenbé 10 m.
Spédry mezi tunelovymi pdsy jsou navrZeny jako dilata¢ni. Minimdlni

Obr. 8 Pohled na pdsové rypadlo Terex s osazenymi hydraulickymi nuzkami
na Zelezobeton

Fig. 8 View of a Terex tracked excavator with hydraulic reinforced concrete
demolition shears mounted on it

The same system, including the horizontal waterstop, is applied to
the outer surface of the inverted arch. In addition, a protective conc-
rete layer is designed for the invert.

The substrate for the waterproofing membrane in the vault is for-
med by shotcrete with a final reprofiling layer with the minimum
thickness of 30mm and maximum aggregate grain size of 4mm. The
minimum radius of the primary lining surface curvature is set at
200mm. This applies also in the locations displaying step changes in
the tunnel tube geometry. The limit for the depth of surface irregu-
larities is 10% of the irregularity length. A layer of C16/20 grade
blinding concrete, minimum thickness of 95mm, is designed to pro-
tect the waterproofing on the outer surface of the inverted arch. If
the reserve for the deformation of the primary lining of 140mm
(which does not have to be exhausted) is taken into consideration,
the maximum thickness of the blinding concrete on the tunnel cent-
re line is 235mm.

Secondary lining of the invert

The secondary lining of the invert was designed in two variants.
The first variant assumed a divided inverted arch, the other a non-
divided inverted arch. Subterra a.s. as the contractor required the
variant which did not contain a construction joint with a shear key
in the centre of the inverted arch, therefore the installation of speci-
al reinforcement bars with HALFEN HBS couplings was not neces-
sary. This solution requires the use of a temporary bridge (a milita-
ry type structure). This temporary structure is the contractor’s
know-how.

The maximum thickness of the inverted arch on the tunnel centre
line, without taking the primary lining deformations into considera-
tion, is 1930mm. The upper surface of the inverted arch is designed
to correspond to the configuration of a double-lane roadway in
a unidirectional tunnel of T-8.5 width category (CSN 73 7507).

CSN EN206-1 standardised concrete C30/37-XC3 is designed for
the inverted arch structure. About 158m3 of concrete are required for
one average casting block. The structural reinforcement is designed
to be from European grade B500B (formerly national grade
10 505.9) steel. It consists of steel bar reinforcement and reinforce-
ment cages. Nominal concrete cover of 50mm is prescribed (with the
minimum of 40mm). One average casting block contains 17,800kg
of reinforcement, which means 112.7 kg per one m3 of concrete. The
basic length of an expansion (casting) block is 10m. Expansion joints
are filled with 20mm thick extruded polystyrene plates.

The joint at which the vault was connected is provided with
a shear key, better to transfer shear forces. The structural reinforce-
ment is designed as much prefabricated as possible, i.e. welded
cages and welded mesh, with the aim of accelerating the works pro-
gress. The reinforcement installed on site can be called semi-pre-
fabricated reinforcement.

Secondary vault lining
Geometry of the secondary lining face of the vault structure was
slightly modified compared to the tender documents. A margin was



Obr. 9 Hydraulické nuzky na Zelezobeton pri prdci
Fig. 9 Hydraulic reinforced concrete demolition shears at work

tloustka spary je 20 mm. Spdra je vyplnéna nenasdkavym extrudova-
nym polystyrenem. Spdra bude opatiena z rubové strany tésnicim pro-
filem. Z licové strany jsou hrany sraZeny pod tihlem 45° a jsou vyplné-
ny polyuretanovym tésnicim pasem a jako posledni vrstva na kontaktu
se vzduchem je Zaruvzdorny tmel.

Nekryté vnitini plochy betonu tunelové konstrukce musi spliiovat
kategorii povrchové tpravy a pozadavky pro podklad nétérového systé-
mu. Tento systém bude chrénit pohledovou plochu sekundérniho osténi
pred vlivy vyfukovych plyni, namrzani, solanky a chemickych posypu.
Sekundarni ost&ni mezistropu

Mezistrop je v tunelu navrZen z divodu odvétravéani dopravniho pro-
storu pres technologické centrum. Pro tunel s ddolnicovym obloukem
je tento typ vétrdni lepsi neZ pruchozi vétrani. Dopravni prostor bude
odvétravan pres otvory v mezistropu osazené vzduchotechnickymi
(zkracené VZT) klapkami.

Konstrukce mezistropu v tunelu II je v pri¢ném fezu v normdlnim
profilu ze spodni i horni strany zaklenutd a na hornim lici navic
s mirnymi ndbéhy u podpor, aby voda nezatékala do spary mezi klenbu
a mezistrop. Tloustka desky mezistropu je v pricném fezu proménnd
s minimem uprostied rozpéti 250 mm. V profilu tunelu v nouzovém
zdliva je horni lic rovny s minimdlni tloustkou desky 200 mm
a mezistrop je zavéSen na téhlech. Clenéni mezistropu na dilataéni
celky odpovidé ¢lenéni klenby a protiklenby sekunddrniho osténi. Pro

PRICNY REZ
TCROSS SECTION

MEZISTROP INTERMEDIATE DECK ™%

KLENBA F VALLT

DSA TUNELU / TUNEL A0S

Obr. 10 Pri¢ny Fez sekunddrnim osténim
Fig. 10 Cross-section through secondary lining
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created for deformations of the primary lining of side-walls and the
shape of a bracket designed to support the intermediate deck was
modified. In other respects the inner contour of the vault is given by
the shape of the formwork. It is based on the roadway configurati-
on, which fact was mentioned in the previous chapter.

Structural concrete C30/37 XF2, consistency S 4, which is used for
the vault, is designed to CSN EN 206—1. Fire resistance of the vault
structure is R 180 DP1, which is secured by adding up to 2 kg/m3 of
Fibrin polypropylene fibres into the concrete mix. Concrete con-
sumption for one average casting block amounts to 148m3.

Concrete reinforcement design requires welding steel, deformed
bars, European grade B500B (formerly national grade 10 505.9).
Supporting lattice girders, welded reinforcement cages, atypical
mesh (B500A) and tie-up bars are designed to simplify the place-
ment of reinforcement. The reinforcement is self-supporting.
Nominal concrete cover on external surface of S0mm is prescribed
(minimum 40mm). Fibre reinforced concrete spacers are prescribed
to secure the cover on the inner surface. Consumption of reinforce-
ment for one average casting block amounts to 12,328kg, i.e. 83.6kg
per m3 of concrete.

One of the most important factors in ensuring quality of the conc-
rete structure surface is the time between pouring and formwork
stripping. It depends on requirements for quality of the concrete. It
is necessary for the concrete strength and the elastic modulus at the
moment of stripping to reach values guaranteeing that no signifi-
cant, inadmissible permanent changes in the geometry of the struc-
ture develop due to own-weight-induced deformations and no dama-
ge is caused due to exhausting the load-bearing capacity of the age-
ing concrete. The minimum guaranteed standard compression strip-
ping strength must reach 8MPa. The stripping strength is verified on
the side of the vault structure in the crown by a Schmidt hammer
and is compared with the concrete strength build-up curve. The elas-
tic modulus which is assumed in the calculation of the state after
stripping is derived from the strength values stipulated by CSN 73
1201; the minimum value of the modulus is 18GPa. The stripping
modulus is verified by recalculation of the Schmidt hammer
rebound test results carried out in the vault crown or recalculation
of the concrete modulus of elasticity build-up curve.

At the moment of the installation of anchors, drilling, grinding
and other interventions into the lining, the concrete properties must
correspond at least to the 28-day age. Drilling throughout the lining
thickness and threatening the integrity of the waterproofing system
is strictly prohibited.

The design requires several points within the vault where reinfor-
cement bars must be interrupted to allow the installation of miscella-
neous fixtures, such as emergency lighting boxes, conduit junction
boxes, waterproofing repair grouting system boxes etc. Steel sheet
forms for the boxes are fixed to the skin of the tunnel formwork.

The traveller formwork moves along the mined tunnel route on
rails installed on horizontal surfaces at the level of the construction
joint between the inverted arch and the upper vault. Construction
joints in concrete structures are always treated in a way guarantee-
ing that each joint meets all requirements for a homogeneous conc-
rete structure. Unplanned construction joints are provided with an
adhesion bridge.

The basic length of and expansion block of 10m is identical with
the length of the inverted arch. Expansion/contraction joints are
designed to be between tunnel casting blocks. The minimum joint
width is 20mm. The joint is filled with non-water-absorbing extru-
ded polystyrene. The joint is provided with a waterstop on the outer
surface. On the inner surface, edges are bevelled to an angle of
45°and are filled with a polyurethane waterstop; a fire-resistant
compound forms the final layer on contact with the air.

Uncovered inner surfaces of the concrete structure must meet
requirements for the finish category and for the coating system sub-
strate. This system will protect the secondary lining face against
effects of exhaust gases, icing, deicing salt and chemical spreading.
Intermediate deck structure

The intermediate deck in the tunnel is designed to allow the ven-
tilation of the road space to run via a service centre. This type of
ventilation is more suitable than a through-circulation system for the
sag tunnel. The road space will be ventilated through openings in
the intermediate floor fitted with ventilation dampers.



€. 3/2010

19. rocnik -

Obr. 11 Pohled na izolatérsky vuz a provedenou izolaci klenby v tunelu
Fig. 11 View of a waterproofing installation platform and waterproofing com-
pleted in the tunnel vault

konstrukci mezistropu bude pouZita totoZnd receptura betonové smési
s betonem klenby sekunddrniho osténi razené Casti tunelu. Obdobné
je to i s materidlem betondrské vyztuze. Kryti vnéjsi vyztuze betonem
je predepsdno jmenovité 40 mm, miniméln{ 35 mm. Na spodnf stran¢ je
predepséano pouZiti betonovych distanénich podlozek.

Minimdlni zarufend charakteristickd pevnost betonu v tlaku
v okamZiku odbednéni musi odpovidat minimdln¢ 23 MPa. Odbed-
novaci pevnost je ovérovana na hornim lici mezistropu Schmidtovym
tvrdomérem a porovndna s kiivkou ndbéhu pevnosti betonu. Modul
pruznosti, uvazovany ve vypoctu stavu po odbednéni, je odvozen od
pevnosti dle ustanoveni CSN 73 1201 a musi mit minimalni charakte-
ristickou hodnotu 25,5 GPa. Odbednovaci modul je oveéfovdn prepo-
¢tem ze zkousky Schmidtovym tvrdomérem, pfipadné z kiivky nabéhu
modulu betonu.

Deska mezistropu je uloZena kloubové na konzoly klenby prostred-
nictvim liniového elastomerového loZiska. PoZzadované parametry na
loZisko jsou umoznéni tihlového pootoceni v podpore, umoznéni hori-
zontélniho posunu v podpore a minimdlni tinosnost 100 kN/bm. Mimo
lozisko je od konstrukce klenby oddélena deskami z extrudovaného
polystyrenu.

Mezistrop je v poli nouzového zdlivu zavéSen pomoci svislych tdhel
do konstrukece klenby. Tdhla méla byt pavodné po celé délce tunelové
trouby tunelu II. Duvody, které vedly k prehodnoceni pivodni koncep-
ce, jsou zejména tyto. Tdhla v blizkosti VZT klapek nemaji dostatecnou
poiérm’ odolnost (proto bylo navrZeno obaleni tdhel pro zvySeni poZar-
ni odolnosti). Tdhla s protipozdrnim obkladem sniZi G¢innost vétrani.
Proto byla navrzena pricka, kterd by tomu zamezila, coZ uZ je oproti
puvodnimu konceptu piili§ pracné. Tdhla tedy zastala pouze
v nouzovém zélivu, kde diky vétSimu profilu u obloZeného tahla pro-
blém s vétranim nenastane. V pri¢ném fezu jsou dvé tdhla umisténa
v tfetindch rozpéti s podélnym rozestupem 2,5 m, tj. 4 ks na pds délky
10 m. Sestava tahla je tvorena spodni kotevni deskou, vlastnim tdhlem
a horni kotevni deskou. Téhla maji primér 27 mm, délku 1528 mm.
Téhla jsou vyrobena z nerezové oceli, jakost A4. Pozadované parametry
tahel jsou minimdln{ tinosnost 168 kN, protikorozni odolnost a moznost
rektifikace. Vyrobcem tdhel je HALFEN-DEHA. Spojovaci materidl
a materidl kotevnich plechfl je rovnéZ z nerezové oceli jakosti A4.

V mezistropu jsou navrzeny stavebni otvory pro pozdéjsi instalaci
VZT klapek a revizni prulezné otvory, jeZ jsou situovany do sousedici-
ho pdsu k pasu s VZT klapkami a budou nésledné opatfeny poZarné
odolnymi dvitky.

Pro betondZ a armovéni jsou pouzity celkem 4 bednici formy ve tvaru
stolu. Jejich vzdjemny pohyb je nezdvisly. Pfi posunu se muZe jedna
forma po sloZeni podsunout pod druhou. Bednici stoly se pohybuji
v trase razeného tunelu na kolejnicich osazenych na vodorovnych plo-
chdch v drovni pracovni spary mezi protiklenbou a klenbou (Obr. 14
Pohled na bednici stoly mezistropu).

Uprava lice dilata¢ni spdry je totozna jako u dilata¢nich spar v klenbé
v dopravnim prostoru tunelu. VSechny nekryté vnitini plochy betonu
tunelové konstrukce maji po zhotoveni spliovat stejné parametry jako
klenba.

TuoufHel

The cross-section of the intermediate deck structure in tunnel II in
a normal profile has both the soffit and upper side vaulted, with
moderate inclines upwards toward the supporting brackets, preven-
ting water from entering the joint between the vault and the inter-
mediate deck. The intermediate deck thickness in the cross-section
is variable, with the minimum of 250mm in the middle of the span.
In the emergency parking bay cross-section, the upper surface is
flat; the minimum thickness of the deck is 200mm. The intermedia-
te deck is suspended from tie rods. The division of the intermediate
deck into expansion blocks corresponds to the division of the secon-
dary lining vault and inverted arch. The concrete mix formula for
the intermediate deck will be identical with that used for the secon-
dary lining of the mined tunnel vault. The same applies to the struc-
tural reinforcement material. Nominal concrete cover of 40mm is
prescribed (with the minimum of 35mm). Concrete spacers are
prescribed for the underside.

The minimum guaranteed characteristic compression stripping
strength must be equal to 23MPa. The stripping strength is verified
on the upper surface of the intermediate slab by a Schmidt hammer
and is compared with the concrete strength build-up curve. The elas-
tic modulus assumed in the calculation of the state after stripping is
derived from the strength values stipulated by CSN 73 1201; the
minimum value of the modulus is 25.5GPa. The stripping modulus
is verified by recalculating the Schmidt hammer rebound test results
or recalculating the concrete modulus of elasticity build-up curve.

The intermediate deck is hinged on the brackets at the springing
level on linear elastomeric bearings. The bearing is required to
allow angular rotation at support, to allow horizontal displacement
of the support. The minimum load-bearing capacity must be
100kN/Im. In addition to the bearing, extruded polystyrene plates
separate the deck from the vault structure.

The intermediate deck in the block containing the emergency
stopping bay is suspended from the vault structure by means of steel
tie rods. Originally the tie rods were designed to be used throughout
the tunnel II length. The following main reasons led to the change
in the original concept: The fire resistance of the tie rods installed
near the dampers is insufficient (this is why fire resistance impro-
ving wrapping was proposed). The tie rods provided with the fire
resisting wrapping would have reduced ventilation efficiency. For
that reason a partition wall was designed, which would prevent this
effect. But this solution is too labour intensive compared with the
original concept. For that reason the tie rods remained only in the
block containing the emergency stopping bay, where no problem
with ventilation will occur owing to the larger profile of the wrap-
ped tie rod. Within the cross-section, two tie rods are located in the
thirds of the span, at 2.5m spacing (4 tie rods per a 10m long cas-
ting block). The tie-rod assembly comprises a lower anchor plate,
the tie rod itself and an upper anchor plate. The tie rods are 27mm
in diameter and 1,528mm long. They are made of stainless steel
material A4, DIN 1.4401, CSN 17 346. The tie rods are required to
have the minimum load-bearing capacity of 168kN, to be corrosion

Obr. 12 Pohled dovnitr tunelu z mezistropu
Fig. 12 View inside the tunnel from the intermediate deck




Obr. 13 Pohled na obsluzny vuz pro bednici stoly mezistropu
Fig. 13 View of the service vehicle for the intermediate deck-forming tables

lll. REALIZACE SEKUNDARNIHO OSTENI RAZENE CASTI
TUNELU Il

Protikienba

Je nutno uvést, Ze technologie betondZe protiklenby vychdzi ze dvou
limitujicich podminek. Prvni podminkou je profil tunelovych spojek
(spojuji tunely TI a TII), ktery neumoZiuje prijezd techniky z jednoho
tunelu do druhého, a druhou podminkou je ¢as, dodrzeni ptivodniho ter-
minu dokonéeni praci v prosinci 2010 z duvodu zpozdéného zahajeni
realizace razeb.

Jak jiz drive bylo naznaCeno, zvaZovala se samotnd realizace proti-
klenby ve varianté déleného pdsu nebo betondZ celého pdsu v jednom
kroku. Hlavnim kritériem realizace je technickd a technologicka naroc-
nost montaZze armatury protiklenby v ¢ase a z toho plynouci kvalita pro-
vaddénych praci. Méné ndroénym se ukédzalo zhotoveni pdsu v celku.

Pred realizaci musely byt vyfeSeny tfi zdkladn{ problémy:

Negativni vliv betondZe takto masivni konstrukce (cca 160 m3) samu
na sebe — zejména vyvinem hydrata¢niho tepla.

Umoznéni soucasného provddéni razeb a sekunddrniho osténi tunelu.

Optimdlni zorganizovan{ praci.

Prvni problém byl vyfeSen zejména pomoci optimélniho stanoveni
receptury uklddané betonové smési v soucinnosti s dodavatelem TBG
BETONMIX, as., a v technologii ukldddni. Vyvinem hydrata¢niho
tepla, resp. méfenim teploty betonové konstrukce (max. cca 50 °C) se
potvrdila spravnost nasich predpokladu.

Druhy problém byl vyfeSen montdzi a provozovanim ocelového
Zenijniho mostniho provizoria délky 36 m (Obr. 16 MontdZ ocelového
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Obr. 14 Pohled na bednici stoly mezistropu
Fig. 14 View of intermediate deck-forming tables

resistant and to allow rectification. The manufacturer of the tie rods
is HALFEN-DEHA. Fittings and anchor plates are also made of A4
quality stainless steel.

Openings are provided in the intermediate deck for the subsequ-
ent installation of ventilation dampers and inspection man-holes,
which are located in the expansion block adjacent to the block con-
taining the ventilation dampers. The man-holes will be provided
with fire resisting doors.

A total of 4 formwork sets in the form of tables are used for conc-
rete casting and placing of reinforcement. The movement of the
table forms against one another is independent. One formwork set
can be slipped under the other during repositioning. The table forms
move along the mined tunnel route on rails installed on horizontal
surfaces provided at the level of the construction joint between the
inverted arch and the upper vault.

The expansion joint surface design is identical with that for
expansion joints in the vault, in the road space inside the tunnel. All
uncovered inner surfaces of the concrete tunnel structure are to meet
the same parameters as the upper vault after completion.

lll. CONSTRUCTION OF SECONDARY LINING IN THE MINED
PART OF TUNNEL Il

Inverted arch

It must be noted that the technique applied to casting of the inver-
ted arch is based on two limiting conditions. The first limitation is
the profile of cross passages (interconnecting tunnels TI and TII),
which does not allow passage of equipment from one tunnel to the
other, while the other limitation is the time
because the original works completion deadline
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being December 2010 has to be met, despite the
fact that the commencement of the tunnel driving
operations was delayed.

As mentioned above, two variants of the inver-
ted arch casting were considered: a variant with
the casting block divided or a variant with the
block constructed as a single casting opeeration.
The main criterion for the operation is technical
and technological exactingness of the installati-
on of the inverted arch reinforcement in time and
quality of the work following from this exacting-
ness. The casting in one go proved less exacting.

The following three basic problems had to be
solved before the work commencement:

A negative effect of casting such a bulky
structure (about 160m3) itself — first of all due to

Obr. 15 Postup betondZe protiklenby pod ocelovym Zenijnim mostem 1 — Pfesun mostu nad budouct
bloky, 2 — Zhotoveni dvou krajnich bloku, 3 — Nahrazeni stredni podpory a zhotoveni prostiedniho

bloku

Fig. 15 Procedure for casting of the invert under the military steel bridge, 1 — Moving the bridge
above the future blocks; 2 — Construction of 2 blocks; 3 — Replacement of the central pier and

construction of the central block

the generation of hydration heat.

The possibility to excavate the tunnel and
install the secondary lining concurrently.

Optimisation of the works organisation.

The first problem was solved first of all by
designing an optimum concrete mix formula in
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Obr. 16 Montdz ocelového Zenijniho mostu
Fig. 16 Steel military bridge assembly

Zenijniho mostu). Most je tvofen dvéma zdkladnimi mostnimi poli
délky 18 m, tfemi podpérami téchto poli a dvéma ndjezdovymi rampa-
mi. Pro posun jsou vyuZivdany docasné podpéry s valivym uloZenim
(véle¢kova loziska), prenosné hydraulické zveddky (panenky), ojnice
(zaptazend k naloZenému nédkladnimu automobilu) a stroje slouZici
k vystavbé tunelu (raZent).

Posledni problém se podarilo vyresit organizaci praci v opakujicim
se cyklu.

Cyklus zac¢ind v okamziku, kdy je most postaven v délce 36 m nad
vycisténou pocvou tvorfenou primdrnim osténim tunelu, tedy nad tfemi
budoucimi zdkladnimi pdsy délky 10 m. Most je uloZen na trech pod-
pordch (na poslednim zhotoveném pasu, uprostred druhého pasu a za
tfetim pasem ve sméru postupu betondze) a jsou postaveny obé ndjez-
dové rampy, jez tvoif ocelova konstrukce s dfevenou mostovkou.

Nasleduje betonaz podkladniho betonu pod izolaci prvniho a tretiho
pasu (Obr. 15 Postup betondZe protiklenby pod ocelovym Zenijnim mos-
tem). Poté je v prvnim pdse poloZena hydroizolace véetné dilatacnich
pasu a ochranné geotextilie (pod i na izolaci), vybetonovéna kryci vrst-
va hydroizolace a presné usazeno bednéni ela protiklenby.

Prvni pés je ndsledné vyarmovdn, namontovéno je bednéni vrchniho
lice protiklenby (zvySeny stupen pro osazeni kolejnic a drdzka pro pre-
nos smykovych sil mezi klenbou a protiklenbou). Poté je tento pds
vybetonovdn. Stejny postup jako v prvnim pése je proveden i ve tfetim
pése. Jedingm rozdilem je vybednéni obou el pdsu. Jedno Celo je
vybednéno v predstihu, druhé je pouZito z prvniho pésu. Jakmile to
umozni ndrust pevnosti betonu, jsou na prvni a teti pas usazeny docas-
né podpéry mostni konstrukce a zdemontovéna stfedni podpéra
v prostoru druhého pdsu. Nasleduji prace na prostfednim pdse (betondz
podkladniho betonu, poklddka hydroizolace s geotextiliemi, betonaz
ochranné vrstvy, armovani{ a betonaz).

Samoziejmosti je oddélovani dilatatnich celkd extrudovanym poly-
styrenem, propojovani armatury sousednich pdst (ochrana pred blud-
nymi proudy), osazovani dopliikovych prvku (chrani¢ky kabela, krabi-
ce pojistného injektdZniho systému apod.) a oSetfovani povrchu Cer-
stvého betonu postiikem.

Po zabetonovani prostiedniho pédsu jsou demontovany ndjezdové
rampy, o€isténa poc¢va v délce cca 40 m a presunuty podpory pro pre-
sunuti mostni konstrukce. Tyto podpery je nutno smérove i vyskové
ustavit. Poté je mostn{ konstrukce zajisténa plné nalozenym nakladnim
automobilem, mirné nadzvednuta a jsou uloZena vélcova loziska na
podpéry. Nésleduje presun ve sméru daliho postupu betonédZe. Presun
je dokoncen montdzi obou ndjezdovych ramp a obnovenim dopravy
v tunelu.

Cely cyklus betondZe tii pasu trva 12 azl14 dni, pri¢emZ preruseni
dopravy (pfesun mostu) nepresahuje 24 hodin. Ocelovy Zenijni most je
docasny do prorazeni tunelu. Po jeho demontdZi bude betondZ proti-
klenby provddéna béZznym zpusobem (Obr. 18).

V soucasné dobé (kvéten 2010) zbyvd zabetonovat poslednich 29
past z celkového poctu 107 pésu. Predpoklddané dokonceni je tedy
v srpnu 2010.

Obr. 17 Zenijni most v tunelu
Fig. 17 Steel military bridge in the tunnel

collaboration with the concrete supplier, TBG BETONMIX, a. s.,
and by developing a proper concrete casting technology. The gene-
ration of hydration heat, or measurements of the concrete structure
temperature (maximum about 50°C) confirmed that our assumptions
had been correct.

The second problem was solved by means of assembling and ope-
rating a 36m long temporary military bridge (see Fig. 16 Steel mili-
tary bridge assembly). The bridge has two basic 18m spans, three
piers and two ramps. Temporary bridge seats with roller bearings are
used for moving the bridge, as well as portable hydraulic jacks,
a connecting shaft (hitched to a loaded lorry) and machines serving
to excavate (drive) the tunnel.

The last problem was successfully solved through implementing
a cycling system of the operations.

The cycle starts at the moment at which the bridge span of 36m is
completed above the cleared bottom formed by the primary tunnel
lining, i.e. above three future 10m long casting blocks. The bridge
is laid on three piers (on the last completed block, in the middle of
the second block and behind the third block in the direction of the
concrete casting sequence) and both ramps formed by a steel struc-
ture and a timber deck are attached to it.

Casting of blinding concrete providing substrate for the waterpro-
ofing in the first and third block follows (see Fig. 15 Procedure for
casting of the invert under the military steel bridge). Then the
waterproofing system is installed in the first block, including water-
stops and protective geotextile (under and on top of the membrane),
a waterproofing cover concrete layer is poured and the invert stop
ends are accurately installed.

Reinforcement is subsequently installed in the first block and the
formwork for the upper face of the inverted arch (the elevated step
carrying rails and a groove, a part of the shear key between the
upper vault and inverted arch) is assembled. Casting of this concre-
te block follows. The same procedure as that in the first block is
applied to the third block. The only difference is that both stop ends
have to be formed. One stop end is erected in an advance, the other
is taken from the first block. As soon as the concrete strength build-
up allows it, temporary bridge seats are installed on the first block
and third block and the central seat in the area of the second block



Obr. 18 Prdce na protiklenbé bez Zenijniho mostu
Fig. 18 Work on the inverted arch without the military bridge

Klenba

Organizace prace pii realizaci sekundarniho osténi klenby tunelu
(profilace, montdZ hydroizolace, armovdni a betondz) nenf odli$nd od
postupu na jinych tunelech. Je vSak nutno respektovat smérové
a vyskové vedeni tunelu s ddolnicovym obloukem zejména s ohledem
na tvar klenby s ozubem pro uloZeni mezistropu. Pro vystavbu klenby
jsou nejdulezitéjii tyto mechanismy, jeZ se posunuji po kolejnicich ulo-
Zenych na rozsitenych stupnich v kraji protiklenby. Jsou to profilovaci,
izolatérsky a armovaci vz a pojizdna bednici forma véetné rozsiten{
téchto mechanismu pro nouzovy zdliv a bednéni vyklenku a zdrodku
tunelovych spojek. Pro zhotoveni t€chto mechanismu byl vybran tra-
di¢ni dodavatel spoleCnost Ostu-Stettin. V zimnim obdobi (kvéten
2010) s ohledem na klimatické podminky i na podminku modulu pruz-
nosti minimalné 18 GPa pro odbednéni (odrtZeni bednéni) byl postup
betondZe jeden pés za tii dny, pozdéji v teplejSich mésicich pak jeden
pés za 2 dny. V této chvili (kvéten 2010) je provedeno 56 kompletnich
pasu kleneb ze 107. Dokonceni betonaze kleneb je predpokladéno na
fijen 2010.

Obr. 20 Bednéni zdrodku tunelové spojky a velkého elektrovyklenku
Fig. 20 Formwork for a starter breakout for a cross passage and a large
power distribution niche
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Obr. 19 Bednici forma klenby pred zajetim do tunelu
Fig. 19 Formwork for the vault before travelling into the tunnel

is dismantled. The work on the central block follows (pouring of
blinding concrete, installation of the waterproofing system with
geotextile, casting of a protective concrete layer, placement of rein-
forcement and casting of the block).

It is a commonplace that the expansion blocks are separated by
extruded polystyrene, reinforcement of adjacent blocks is intercon-
nected (protection against stray currents), ancillary elements (cable
protecting tubes, waterproofing repair grouting system boxes etc.)
are installed and the surface of green concrete is treated by spray-
ing.

Once the central block casting is finished, the ramps are removed,
a length of 40m of the bottom is cleaned out and the bridge seats are
moved. The seats must be set on line and level. Then the bridge
structure is tried by a fully loaded truck and slightly lifted to allow
roller bearings to be placed on the bridge seats. Moving in the direc-
tion of the subsequent concrete casting operation follows. The
installation of both ramps and reinstatement of traffic in the tunnel
are the last activities of the bridge movement.

The entire cycle of casting three blocks takes 12 to14 days; with
the traffic suspension (while moving the bridge) it is not longer than
24 hours. The military steel bridge is a temporary structure to be
used till the tunnel breakthrough. When it is dismantled, the inver-
ted arch will be cast in a common way.

At present (May 2010), last 29 blocks of the total number of 107
remain to be cast. The completion is therefore expected in August
2010.

Upper vault

The organisation of works on the secondary lining of the tunnel
vault (profiling, application of waterproofing, installation of rein-
forcement and pouring concrete) does not differ from that in other
tunnels. Anyway, it is necessary to maintain line and level of the
tunnel on a sag curve, first of all with respect to the geometry of the
vault with the brackets carrying the intermediate deck. The equip-
ment moving on rails installed on widened steps at the edges of the
inverted arch is the most important for the upper vault construction.
It comprises the profiling, installation of waterproofing and place-
ment of reinforcement, installation of movable platforms and
a traveller form, including enlarging the width of this equipment for
the emergency stopping lane and formwork for niches and starter
breakouts for cross passages. The equipment was produced by Ostu-
Stettin, a traditional supplier. During the winter season the concrete
casting rate was one block in three days, with respect to climatic
conditions and the condition that the minimum elastic modulus of
18GPa had to be reached on stripping (tearing off) of the form.
Later, in hotter months, the rate was one block in 2 days. At the
moment (May 2010), 56 complete upper vault blocks have been
completed of the total of 107. The completion of casting of the
vaults is expected in October 2010.

Intermediate deck
The intermediate deck structure casting started on 19t May 2010. At
the moment initial three blocks have been completed. The formwork
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Obr. 21 Rozireni bednici formy klenby v nouzovém zdlivu

Fig. 21 Increased width of the formwork for the upper vault in the emergency stopping bay

Mezistrop

BetondZ? konstrukce mezistropu byla zahdjena 19. kvétna 2010.
V soucasnosti jsou zhotoveny prvni tfi pasy. Bednéni mezistropu slo-
Zené ze Ctyf bednicich stold délky 10 m a pomocného vozu umoZiuje
rychlejsi postup praci nez v klenbé a protiklenbé. Pomocny vaz slouzi
k vodorovnému presunu stoli a horizontdlnimu pfesunu armatury
mezistropu. Soudsti celého systému pro betondz je i zarizeni usnadnu-
jict samotnou betondZ pasu mezistropu. Dodavatel bednéni mezistropu
je taktéz spole¢nost Ostu-Stettin. Ta navrhla zpusob pfesunu jednotli-
vych stolu tak, aby betondz mohla byt provddéna plynule (poZadavek
modulu pruznosti minimdlné 25,5 GPa pii odbednéni). Predpoklddany
prumérny postup betonéZe je jeden pds za dva dny. Mezistrop by mél
byt tedy dokoncen v listopadu tohoto roku.

IV. ZAVER

Krélovopolsky tunel v Brné byl masivné diskutovanou stavbou jesté
difve neZ jeho vystavba viibec mohla zalit a ziejmé se musime smifit
s tim, Ze diskutovanou stavbou i dlouho jesté bude. Tak jak byla pred
zaCdtkem vystavby obCas zpochybriovdna otdzka jeho redlnosti,
s ohledem na ndro¢nost prostiedi a existenci povrchové zéstavby, tak se
moznd do¢kdme v budoucnu zase toho, Ze bude zpochybnovana nutnost
nékterych opatieni a v dusledku i vySe ndkladu. Nemélo by se vsak
zapominat na to, Ze se jednd v prvé fadé o bezpecnost a Zivoty lidi — jed-
nak téch zapojenych do vystavby a jednak téch, ktef{ se pohybuji nad
nimi. Proto se domnivdme, Ze stavba Krdlovopolskych tunelt v Brné je
dobrym prikladem efektivni spoluprdce investora, projektanta, zhotovi-
tele i nezdvislych konzultantd, ktefi se dokézali dohodnout na fadé vyji-
mecnych kroku ve prospéch bezpenosti vystavby. Jestli to byly kroky
dostatecné, se jeste ukdze, ale dosavadni vysledky k mirnému optimis-
mu vybizeji.

ING. VAQLAV DOHNALEK, vdohnalek@subterra.cz,
ING. MILAN PATEK, mpatek@subterra.cz, SUBTERRA a. s.

Recenzoval: doc. Ing. Vladislav Hordk, CSc.
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Obr. 22 Bednéni malych vyklenku
Fig. 22 Formwork for small niches

for the intermediate deck, consisting of four 10m long table forms
and a service vehicle, makes the progress of the work faster than in
the upper vault or the inverted arch. The service vehicle serves to
move the table forms and the intermediate deck reinforcement in the
horizontal direction. Part of the whole concrete casting system is
a piece of equipment facilitating the concrete casting operation itself.
Ostu-Stettin is also the supplier of the formwork for the intermedia-
te deck. It proposed the method of moving individual table forms
making fast concrete casting possible (the requirement for the mini-
mum elastic modulus of 25.5GPa on stripping). The expected avera-
ge advance rate is one block in two days. Therefore, the intermedia-
te deck should be completed in November 2010.

IV. CONCLUSION

The Krédlovo Pole tunnel in Brno had been a subject of wide dis-
cussions even before the construction could start and, probably we
will have to put up with the fact that discussions will continue for
a long time. The same as the issue of feasibility of the construction
had from time to time been put doubt on before its beginning with
respect to the exactingness of the environment and existence of buil-
dings on the surface, we may live to see that doubts will be cast in
future on the necessity of some measures and relating costs. But it
should not be forgotten, first and foremost, that safety and lives are
at stake — lives of people involved in construction and people living
above the tunnels. We therefore believe that the construction of the
Krilovo Pole tunnels is a good example of effective collaboration
among the client, designer, contractor and independent consultants,
who were able to agree on a range of exceptional steps in favour of
construction safety. It is going to come out in the future whether the
steps were sufficient. Anyway, the results achieved till now invite us
to be moderately optimistic.

ING. VACLAV DOHNALEK, vdohnalek@subterra.cz,
ING. MILAN PATEK, mpatek@subterra.cz, SUBTERRA a. s.

1. Hordk, V. Krdlovopolsky tunel z pohledu projektanta. Tunel €. 1, 2009
2.Baca, J., Dohndlek, V. Krdlovopolské tunely — ZkuSenosti 7 dosavadniho priibéhu vystavby.

Tunel ¢. 3, 2009

3. Baca, J., Dohndlek, V. Krdlovopolsky tunel — popis dila a shrnuti dosavadniho priibéhu vystavby. Silni¢ni obzor ¢. 4, 2010

Zn o

4. Matéjicek, J., Cigler, Z. Vyuziti chemickych injektdZi pro razbu tunelu Dobrovského. Tunel ¢. 3, 2008
5. Miihl, J., Mala¢, P. Silnice 1/42 Brno — VMO Dobrovského, kompenzacni injektdZe na stavbé Krdlovopolskych tunelii v Brné.

Zakladéani staveb 3/2009



19. rocnik - €. 3/2010

RAZBA TUNELU NA DOPRAVNI STAVBE MODERNIZACE TRATI
VOTICE-BENESOV U PRAHY
MINED TUNNELS UNDER CONSTRUCTION ON THE ,MODERNISATION
OF THE BENESOV U PRAHY - VOTICE RAIL TRACK" PROJECT

RADIM SPONAR, MILAN KOSSLER

uvoD

Na podzim roku 2009 zahdjila Subterra, a. s, divize 1 razici
price na dal$im vyznamném souboru podzemnich staveb v Ceské
republice. Jedna se o komplex péti Zelezni¢nich tunelu, které
vzniknou prfi realizaci stavby modernizace trati v dseku Votice
—BeneSov u Prahy.

ZAKLADNI INFORMACE O STAVBE

Nazev stavby Modernizace trati Votice—-BeneSov u Prahy

Investor stavby Sprava zelezniéni dopravni cesty, statni organizace
Generalni projektant SUDOP Praha, a. s.
Projektant RDS IKP Consulting Engineers, s. r. 0. — tunely
Voticky, Olbramovicky a Tomicky |
Metroprojekt, a. s. — tunel Zahradnicky
SUDOP Praha, a. s. — tunel Tomicky Il
Zhotovitel Sdruzeni VoBen

EUROQVIA CS, a. s. — vedouci Ucastnik sdruzeni
Subterra, a. s. - Ucastnik sdruzeni

Viamont DSP, a. s. — U¢astnik sdruzeni
08/2009

12/2013

Termin zahajeni
Termin ukonceni

Technickeé udaje o tunelech
Celkova délka dvojkolejnych tunelli 2 690 km

Celkem razend ¢ast 1716 km
Celkem hloubena Cast 0974 km
Kubatura zemnich praci 2310618 m?

FINANCNI ZAJISTENI PROJEKTU

Investorem této stavby je Sprdava Zelezni¢ni dopravni cesty,
statni organizace, finan¢ni prostiedky poskytl Statni fond doprav-
ni infrastruktury. Soufasné bylo zaZzdddno o spolufinancovani
tohoto projektu Evropskou unii v rdmci Opera¢niho programu
doprava. Pldnovany prispévek z Fondu soudruZnosti &in{
4 085 845 894 K¢.

Zidost o poskytnuti dotace byla Ministerstvem dopravy CR
schvilena v listopadu 2009 a bude ndsledovat schvalovaci proces na
urovni Evropské komise.

6 756 893 000 K¢
4085 845 894 K¢
2671 047 106 K&

Celkové investiéni naklady
Z toho pfispévek z Fondu soudruznosti
Narodni zdroje

MODERNIZACE TRATI VOTICE-BENESOV U PRAHY

Stavba je souldsti transevropské Zelezni¢ni sité a I'V. ndrodniho
zelezni¢niho koridoru Dé&CEin stdtni hranice—Praha—BeneSov—Téa-
bor—Veseli n. Luznici-Ceské Budéjovice—Horni Dvoristé stitni hra-
nice. Diky modernizaci tohoto tseku Zelezni¢ni trati bude moZzné,
aby zde vlakové soupravy v podstatné ¢asti projizdély rychlosti az
160 km/hod. Zlep$i se rovnéZ prostorovd priuchodnost pro loZznou
miru UIC GC a minimdlni tfida trati UIC D4.

V ramci modernizace trati vzniknou také nové dvojkolejné tune-
ly, a to hloubeny Voticky (590 m), a 4 tunely raZzené konvencni
metodou Olbramovicky (480 m), Zahradnicky (1044 m), Tomicky
1 (324 m) a Tomicky II (252 m).

INTRODUCTION

In the autumn of 2009, Division 1 of Subterra a.s. started excavati-
on operations on another significant set of underground structures in
the Czech Republic, a complex of five railway tunnels required for
the project of “Modernisation of the BeneSov u Prahy — Votice rail
track”

BASIC INFORMATION ON THE PROJECT

Project name Modernisation of the Votice - BeneSov u Prahy

rail track

Client Railway Infrastructure Administration,
state organisation

General designer SUDOP Praha as.

IKP Consulting Engineers s. r. o. for the Votice,
Olbramovice and Tomice | tunnels
Metroprojekt a. s. for the Zahradnice tunnel
SUDOP Praha a. s. for the Tomice Il tunnel
"Sdruzeni VoBen" consortium consisting of
EUROVIA CS, a. s. — consortium leader
Subterra a. s. — consortium member

Viamont DSP, a. s. — consortium member
08/2009

12/2013

Detailed designer

Contractor

Works Commencement
Works Completion

Technical data on the tunnels
Total length of double-track tunnels  2.690 km

Total length of mined parts 1.716 km
Total length of cut-and-cover parts  0.974 km
Volume of earthwork 2,310,618 m3

0br. 1 Celba Olbramovického tunelu ve stani¢eni TM 96,9 — biotitickd rula
rozpukand limonitizovand — na obrdzku je patrné zajisténi pristropi jehlami
s relativné malou rozteci

Fig. I The Olbramovice tunnel excavation face at tunnel chainage 96.9m —
biotitic gneiss, fractured, limonitised — the roof support by spiles installed at
relatively narrow spacing is visible in the picture
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GEOLOGIE — PREDPOKLADY A SKUTECNOST

Tunel Olbramovicky,

délky 480 m je budovén jako raZeny (raZend ¢ast dl. 360 m)
s hloubenymi priportdlovymi dseky (dl. 2 x 60 m). Vyska nadlozi
tunelu ¢inf od cca 6 do 20 m.

V prubéhu razby tohoto tunelu byly zastiZeny horsi inZenyrsko-
geologické poméry, neZ bylo predpokldddno v pruzkumu. Oproti
predikovanym, relativné kvalitnim granitoidnim hornindm, byly
zastizeny pomérné intenzivné zvétralé a tektonicky postizené ruly
s polohami aplitickych Zul a grafitickych bridlic tfidy R4-R5 (upro-
stfed masivu az tfidy R3). Velkd etnost diskontinuit zpusobovala
problémy se stabilitou nezajisténého vyrubu, kdy dochézelo k $tér-
kovitému rozpadu a vypaddvani horniny z Celby a pristropi. Proto
bylo nutno postupovat po relativné kratkych krocich dl. 1,0 az
1,5 m, jimZ odpovidaji masivné zajisténé technologické tfidy IV,
V a VI. Pristropi bylo nutno v kazdém kroku systematicky zajisto-
vat predrdZenymi jehlami, stabilita Celby byla pak zajiStovana apli-
kaci opérného horninového klinu v kombinaci s ochrannou vrstvou
stiikaného betonu. Pouze ve stfedni partii tunelu s nejvys$sim nadlo-
Zim byla pouzita tfida IIT s délkou zdbéru 2 m. I v této tfidé vSak
byly pro stabilitu piistropi instalovadny predrdZzené jehly. Vubec nej-
hor$i IG poméry byly zastiZeny v oblasti jizniho (vjezdového) por-
tdlu, kde byly zastizeny zcela zvétralé a tektonicky porusené ruly
tridy R6, misty spiSe charakteru hlinitopis¢itych zemin.

Z vyse popsaného vyplyvd, Ze pomér zastoupeni jednotlivych
technologickych tfid byl rozdilny oproti projektové dokumentaci ve
prospéch masivnéji vystrojenych trid. Trida IT s délkou zabéru 2,5 m
nebyla pouZita vibec.

Priznivym projevem horninového masivu byly slabé pritoky
vody, které se projevovaly pouze drobnymi tkapy a mokrou horni-
nou. Pouze v pfiportdlovych ¢astech byly zaznamendny slabé meri-
telné pritoky s max. intenzitou do 0,1 1/s. Pfi razbé je dodrzovano
vertikdlni ¢lenéni — v predstihu je raZena kalota (cca 60 m?2)
s ndslednym dotéZenim opéii (cca 40 m2).

Tunel Zahradnicky,

délky 1044 m je budovdn jako raZeny (raZend ¢dst dl. 936 m)
s hloubenymi prfiportdlovymi dseky (jizni hloubend éast dl. 48 m,
severni hloubena ¢ast dl. 60 m).

Vyska nadloZ{ tunelu ¢ini od cca 4 do 25 m.

Razbou byly doposud zastizeny kvalitni biotiticko-amfibolitické
Zuly sedlCanského typu slabé navétralé s pfevazujicimi pevnostmi
R1-R2, coZ koresponduje s vysledky inZenyrskogeologického pru-
zkumu. Relativné priznivéd geologickd stavba umoZnuje pouZiti sub-
tilné vystrojenych technologickych tfid III a II s délkou zdbéru 2,0
a 2,5 m. Pfiznivou geologii oblas narusuji tektonické poruchy, které

Obr. 2 Celba Zahradnického tunelu ve stani¢eni TM 933 2 - biotiticko-amfi-
bolitické Zuly na puklindch limonitizované — na obrdzku je patrné zajisténi
pristropi jehlami

Fig. 2 The Zahradnice tunnel excavation face at tunnel chainage 933.2m —
biotitic-amphibolitic granite, limonitised on fissure surfaces - the roof sup-
port by spiles is visible in the picture

PROJECT FUNDING

The client for this construction is the Railway Infrastructure
Administration, state organisation, the funding was provided by the
State Fund for Transport Infrastructure. At the same time, the
European Union was requested for co-funding for the project within
the framework of the Operational Programme ‘Transport’. The plan-
ned contribution from the Cohesion Fund amounts to CZK
4,085,845,894.

The application for funding was approved by the Ministry of
Transport of the CR in November 2009, with the approval process at
the European Commission level to follow.

Total investment cost
Of that contribution from the Cohesion Fund
National sources

CZK 6,756,893,000
CZK 4,085,845,894
CZK 2,671,047,106

MODERNISATION OF THE VOTICE — BENESOV U PRAHY
RAIL TRACK

The project is part of the Trans-European Transport Network and the
National Railway Corridor IV running from the border in Dé¢in — Prague
— BeneSov — Tabor - Veseli n. Luznici - Ceské Budé&jovice — to the bor-
der in Horni Dvoriste. Thanks to the modernisation of this rail track sec-
tion, trains will be allowed to pass major parts of the track at the speed of
up to 160km per hour. The passing space will be upgraded to the loading
gauge UIC GC and the minimum track class UIC D4 will be achieved.

New double-track tunnels will be built within the framework of the
modernisation, i.e. the Votice cut-and cover tunnel (590 m) and 4 tun-
nels driven by a conventional mining method, i.e. the Olbramovice tun-
nel (480 m), Zahradnice tunnel (1,044m), Tomice I tunnel (324 m) and
Tomice II tunnel (252 m).

GEOLOGY - ASSUMPTIONS AND REALITY

The Olbramovice tunnel,

480m long, is being built as a mined structure (the mined part is
360m long) with cut-and-cover portal sections (2 x 60m). The overbur-
den height varies from about 6m to 20m.

The geology which was encountered during this tunnel excavation
was worse than expected on the basis of the survey. In contrast with the
predicted, relatively good-quality granitoid rock types, the rock mass
encountered during the excavation comprised relatively intensely weat-
hered and tectonically affected gneiss containing interlayers of aplitic
granite and class R4 — RS graphitic shale (in the middle of the mass up
to R3 class). The high frequency of discontinuities caused problems as
far as the stability of the unsupported excavation was concerned. The
rock mass, disintegrated to gravel and rock blocks, fell from the face
and roof. For that reason relatively short (1.0 to 1.5m long) rounds had
to be excavated, using the massive support specified for excavation
support classes IV, V and VI. The top heading excavation had to be sup-
ported in each round by a forepoling system consisting of spiling bars.
The face stability was provided by a combination of a supporting rock
wedge and a layer of shotcrete. Support class III with the round length
of 2.0m was applicable only to the central part, where the overburden
was the highest. The spiles were installed even in this excavation sup-
port class to provide the top heading stability. The worst engineering
geological conditions of all were encountered in the area of the sout-
hern (entrance) portal, where R6 class, completely weathered and tec-
tonically disturbed gneiss was passed through, having locally rather the
character of a loamy-sandy soil.

It follows from the description above that the proportion of individu-
al excavation support classes applied during the excavation deviated
from the design. More massively supported classes prevailed. Class 11
with the round length of 2.5m was never used.

Low water inflows were a favourable feature of the rock mass. They
manifested themselves only by minor dripping and wet rock mass. Low,
measurable inflows with the maximum flow rate up to 0.1L/s were
recorded only in the portal sections. A horizontal excavation sequence
is maintained during the excavation. The top heading (about 60m?) is
driven first; the bench excavation (about 40m?2) follows.

The Zahradnice tunnel,
1,044m long. It is being built as a mined structure (the mined part
is 936m long) with cut-and-cover portal sections (the southern and

northern cut-and-cover sections 48m and 60m long, respectively).



se projevuji vyraznéj§im rozpukdnim horninového masivu
s limonitizovanymi plochami nespojitosti a vy$§imi (misty soustre-
dénymi) pritoky vody. Tato zhorSend kvalita horninového prostredi
pak zpusobuje sniZenou stabilitu nezajiS§téného vyrubu — tendence
vyjizdéni kamena a bloki. Nejvyraznéjsi tektonickd zéna byla
doposud zastizena v iseku TM 501 az TM 445, kdy musely byt pou-
zity kratsi pracovni postupy, které zde byly zastoupeny technologic-
kymi tfidami III a IV.

Podzemn{ voda je zastiZena pouze misty a projevuje se slabymi
dkapy s vydatnosti do 0,1 /s, v mistech tektonickych poruch jsou
pritoky podzemni vody Castéjsi a je moZno zaznamenat i soustiedéné
pritoky vys§§ich intenzit do 0,3 1/s. Pfi razbé je dodrZzovéno horizon-
tdlni Clenéni — v predstihu je raZena kalota (cca 60 m2) s ndslednym
dotéZenim opéfi (cca 40 m2).

KONSTRUKCNI RESENI

Tunely jsou budovdny Novou rakouskou tunelovani metodou
a konstruovény jako dvoupld§tové (primdrni a sekunddrni osténf)
s mezilehlou hydroizolaci.

Primérn{ osténf je ze stifkaného betonu C20/25 tloustky 100, 150,
200 a 250 mm, jehoZ vyztuZ tvori ocelové prihradové ramy, vyztuz-
né sité¢ a hydraulicky upinané svorniky. Na vyjezdovém (vjezdo-
vém) portdlu tunelu Zahradnického je pouzit na zajistén{ kaloty
tunelu mikropilotovy destnik délky 12 (10) m. PouZiti prvka zajis-
téni vyrubu je fizeno technologickou tfidou vyrubu NRTM. Tridy
vyrubu slouZi jako zékladni definice prvku zajisténi stability vyru-
bu a v pripadé potieby jsou déle upravovdny na zdkladé vysledku
geotechnickych méeteni provddénych béhem vystavby. Tento zdklad-
ni princip NRTM umoZiiuje operativni ndvrh viech prvku zajistén{
stability vyrubu v zdvislosti na zastiZzenych inZenyrskogeologickych
podminkédch a ddvd predpoklad k ekonomickému provadéni razby.

Sekundarni (definitivni) osténi raZené ¢asti z monolitického Zele-
zobetonu minimdlni tloustky 350 mm trvale zajiStuje stabilitu tune-
Iu po celou pldnovanou dobu Zivotnosti dila (100 let). Podle vysled-
ku geotechnického monitoringu bude rozhodnuto o rozsahu pouZiti
ostén{ z nevyztuzeného betonu. Betonaz sekundarniho osténi probi-
hd do bednictho vozu po betondznich blocich délky 12 m. Tloustka
osténi hloubené ¢asti tunelu ve vrcholu klenby je min. 600 mm
a smérem k opéfi se zvétSuje. Spodni klenba bude pouZita pouze
v mistech se Spatnou geologif, u vjezdového portdlu Olbra-
movického tunelu a vyjezdového portdlu Zahradnického tunelu.

Pozadovanou tfidu vodotésnosti ,,0 dle TKP 20 bude zajiStovat
v razenych dsecich tunelu mezilehld hydroizolace z materidlu PVC
tl. 2 mm se signdlni vrstvou, umisténd po obvodu horni klenby tune-
Iu (de$tnikovy systém). Pfed poruSenim nerovnostmi primdrniho
osténi bude chrdnéna geotextilii gramdze 500 g/m2. Voda je po izo-
laci svedena k paté klenby, kde je umisténa bo¢ni tunelovd drendz
DN 200 mm s plochym dnem. Hloubené tseky tunelu jsou navrze-
ny z betonu odolného proti prasakim s tésnénim pracovnich spdr
mezi betondznimi bloky pomoci profilovanych spdrovych PVC
past. Podélny sklon (9-10,5 promile) umozZiiuje prubézné podélné
odvodnéni na bocich tunelu a voda je odvddéna boéni tunelovou
drendzi k vyjezdovému portdlu tunelu. Systém odvodnéni je navr-
Zen tak, Ze sklon tunelové drendze je shodny se sklonem trati.
V kazdém druhém zdchranném vyklenku (vzddlenost 48 m) je umis-
téna Sachta na Citéni bocni tunelové drendZe. Piipadné prasaky

Lo

dnem tunelu jsou odvddény stredni drendZ{ do trativodu.

POUZITE TECHNOLOGIE
Systémy fizeného vrtani od firmy Atlas Copco

Firma Atlas Copco vyvinula pro efektivnéj$i provddéni vrtnych
prici 3 systémy obsluhy vrtacich stroji Boomer: ABC Basic, ABC
Regular, ABC Total. Systém ABC Basic spocivd ve vybaveni vrta-
ciho stroje Boomer senzory na zji§téni naklonéni podvozku a poloh
lafet. Diky tomu se na monitoru operdtora stroje zobrazuje skutecny
uhel lafet osazenych vrtacimi kladivy od horizontdlni roviny.
Operitor tak dovede i pri ruznych sklonech razby reagovat na tyto
sklonové poméry. Operdtor stroje manudlné navadi lafety stroje.
Systém ABC Regular navic od systému Basic obsahuje fidici pro-
gram, ktery umoZniuje operdtorovi nasadit podle zadané predlohy —
vrtnych schémat, vrtaci korunky pfimo do projektované polohy
ndvrtnych boda. Ovladdni lafet a vrtacich kladiv probihd v tomto
systému manudlné. Systém ABC Total — je jiZ plné automaticky
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The tunnel cover thickness varies from 4m to 25m.

Till now, the excavation has encountered high-quality biotitic-amp-
hibolitic granite of the Sedlcany type, weakly weathered, with preva-
iling strengths of R1 — R2, which corresponded with results of the
engineering geological survey. Owing to the relatively favourable
geology it is possible to use excavation support classes requiring less
reinforcement, namely classes III and II with the round lengths of 2.0
and 2.5m, respectively. The favourable geology is from time to time
interrupted by tectonic disturbances, manifesting themselves by
a higher degree of fracturing of the rock mass with limonitised dis-
continuity surfaces and higher (locally concentrated) water inflows.
This deteriorated quality of the rock environment results in lower sta-
bility of the unsupported excavation, which is prone to slipping of
boulders and rock blocks. The most significant fault zone was
encountered in the section between chainages 501m to 445m, where
shorter round lengths had to be applied, corresponding to excavation
support classes III and IV.

Ground water has been encountered only locally. It has manifested
itself by minor dripping with the maximum flow rate up to 0.1L/s. In
the locations of faults, ground water inflows appear more frequently.
It is even possible to encounter concentrated inflows with higher flow
rates up to 0.3L/s. A horizontal excavation sequence has been main-
tained during the excavation. The top heading (about 60m2) is driven
in advance; the bench (about 40m?2) excavation follows.

STRUCTURAL DESIGN

The tunnels are being built using the New Austrian Tunnelling
Method. The structure has two shells (the primary and secondary
liners) and an intermediate waterproofing layer.

The primary lining consists of a 100, 150, 200 or 250mm thick
layer of C20/25 shotcrete, which is reinforced with steel lattice gir-
ders, welded mesh and hydraulically expanded rock bolts. A 12m and
10m long canopy tube pre-support system is used to stabilise the top
heading at the exit and entrance portals of the Zahradnice tunnel, res-
pectively. The application of the excavation support elements depends
on the NATM excavation support class. The support classes are used
for a basic definition of elements designed to ensure stability of exca-
vation; they are further modified, if necessary, on the basis of results
of geotechnical measurements carried out during the course of the
construction. This basic principle of the NATM allows a design of all
elements ensuring stability of the excavation to be operatively deve-
loped taking into consideration the engineering geological conditions
encountered. It is a precondition for economic execution of the exca-
vation.

The secondary (final) lining in the mined section of the tunnel is
a minimum 350mm thick reinforced concrete structure. It is designed
to secure the tunnel stability permanently, throughout the planned life
of the structure (100 years). A decision on the scope of the use of an
un-reinforced concrete lining will be made depending on geotechni-
cal monitoring results. The casting of the secondary lining is carried
out in 12m long blocks, using a traveller form. The minimum thick-
ness of the lining in the cut-and-cover section is 600mm in the crown,
growing towards the side walls. The invert will be used only in loca-
tions with poor geology, at the entrance portal of the Olbramovice
tunnel and the exit portal of the Zahradnice tunnel.

The watertightness grade “O” according to specification TKP 20
required for the mined sections will be provided by an intermediate
waterproofing system consisting of a 2mm thick PVC membrane with
a signal layer, installed on the periphery of the upper vault of the tun-
nel (an umbrella-type system). The membrane will be protected aga-
inst damaging by the uneven surface of the primary lining by 500g/m?
geotextile. Water flowing on the membrane is diverted to the vault
footing, where a DN 200mm side drain with a flat bottom is located.
Water seepage resistant concrete is designed for the cut-and-cover
sections. The construction joints between casting blocks are sealed
with profiled PVC waterstops. The longitudinal gradient (9 — 10.5 per
mille) allows continuous longitudinal drainage to be installed on the
tunnel sides. Water is evacuated through tunnel side drains to the tun-
nel exit portal. The drainage system is designed to be at a gradient
identical with the gradient of the rail track. Every other emergency
recess (installed at intervals of 48m) houses a manhole allowing cle-
aning of the tunnel side drainage. Seepage through the tunnel bottom,
if any, is diverted through a central sewer to a surface ditch.
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Obr. 3 Vrtaci stroj firmy Atlas Copco — Boomer E2C
Fig. 3 Atlas Copco Boomer E2C drill rig

systém, kdy vrtaci stroj sdm pomoci hydraulického pohonu ovlddd
lafety osazené vrtacimi kladivy podle zadané predlohy — vrtnych sché-
mat. Operdtor tu uz plni pouze kontrolni funkci. U tohoto systému lze
naprogramovat i sekven¢ni vrtani, tj. vrtani pouze ¢asti profilu.

RIZENE VRTANI NA TUNELECH VOTICE-BENESOV

Vrtaci stroje Boomer L2C a E2C od firmy Atlas Copco pouZiva-
né na této stavbe jsou vybaveny systémem ABC Total, diky kterému
je mozné provadét vrtaci prace pro nasledné vyplnéni vrtu trhavinou
pomoci predem zadané predlohy. Predlohou pro ovlddaci program
jsou vrtnd schémata sestavend pro jednotlivé Casti tunelu (kalota,
opéri, dno) v generdlnim projektu trhacich praci schvdleném ban-
skym dradem. Vrtnd schémata jsou pfi kazdém postupu upravovina
podle pravé zastizenych geologickych podminek, velikosti zamére-
ného a vyhodnoceného nadvyrubu predchoziho zébéru a v ne-
posledni fadé na posouzeni stavu Celby technickym dozorem pfimo
na Celbé tunelu. Pres pocdte¢ni problémy se systém ABC Total osad-
kdm provadéjicim raZbu tuneld vZil natolik, Ze dnes je pouZivdn
zcela rutinné. Diky tomuto systému se ndm darfi razby tunelu prova-
dét s minimdlnimi moZnymi nadvylomy.

Emuizni trhaviny

Emulzni (Cerpané trhaviny) — trhaci prdce se provadeji pomoci
emulznich trhavin za pouZiti neelektrického roznétu po¢inovych nélo-
7ek. Cerpané trhaviny se misenim jednotlivych sloZek vyrab&ji pfimo
na misté Celby a odpada tak slozitost s manipulaci klasickych néloz-
kovych trhavin. RovnéZ velmi cennym momentem je moZnost vypl-
néni kazdého vrtu individudlnim mnoZstvim trhaviny na zdkladé
posouzeni zastizené geologie odpovédnym pracovnikem provadeji-
cim trhacfi prace. Spolu s emulznimi trhavinami je pfi trhacich pracich
vyuzivédn neelektricky roznétny systém Indetshock. Mezi jeho nejvét-
$f vyhody patif vySsi bezpe€nost vyloucenim vlivu cizich zdroja elek-
trické energie (ndhodnd iniciace), vyssi variabilita Casovdni a tim
lepsi moZznost prizpusobit asovédni odstielu danym podminkdm
a efektivnéj§i hospodafeni s rozbuskami dusledkem uZz$iho sortimen-
tu nutného pro dosazeni pozadovanych vysledkd. PouZiti technologie
emulznich trhavin je pro zhotovitele raZeb tunelu ekonomické pri dél-
kéch 2 a vice metra vyvrtu, resp. délky jednoho zdbéru. Rizika pou-
ziti této technologie jsou zejména v zastiZzeni horsi geologie, neZ pre-
dikuje geotechnicky prizkum, tzn. zkraceni jednoho zdbéru a mozné
komplikace pfi selhdvkach (d¢innosti) dané trhaviny. Emulzn{ trhavi-
ny byly pouZity pouze pfi razbé tunelu Zahradnického, pro vyskyt pro
tfidu vyrubu II se zdbérem 2,5 m. Na tunelu Olbramovickém, kde byly
zastizeny méné kvalitni horniny, se emulzni trhaviny nepouZivaly.
Vlivem opakované nekvalitnim doddvkdm emulzni trhaviny a z toho
vzniklych problému (nutnost rozpojovat horninu strojnim zpasobem
po selhdvce emulznich trhavin) jsme od pouzivani emulznich trhavin
upustili i pfi razbé Zahradnického tunelu. Pfi trhacich pracich se proto
naddle pouzivaji pouze klasické ndlozZkované trhaviny.

Dvouramenna pracovni plosina Normet Himec 9905 BT

Na této stavbé je poprvé v ramci Subterry, a. s., pouZita tunelova
plosina, osazend dvojici teleskopickych ramen s pracovni plochou
(koSem). Dvouramennd koncepce dovoluje obsdhnout z jednoho
postaveni stroje profil dulniho dila o §ifce 16 metrt a vySce 11 metru.
Tento pracovni rozsah zna¢né zkracuje ¢asy nutné pro osazeni vyztu-
7e, protoZe odpadd prestavovani jednoramenného stroje do nové pra-
covni polohy a obsazeni 2 pracovnich ploch (kost) najednou. Diky
tomuto zafizen{ se vyrazné zkratily délky jednotlivych operaci, jak
pfi nabijen{ vrta pro trhaci prdce, tak pro zajistén{ vyrubu (uklddan{
Kkari siti, montdZ vyztuznych rdmu apod.)

EQUIPMENT USED

Atlas Copco controlled drilling systems

Atlas Copco has developed 3 systems for more effective execution of
drilling operations when using Boomer drilling rigs: ABC Basic, ABC
Regular and ABC Total. The ABC Basic system is based on equipping
a Boomer drill rig with sensors detecting the cross-slope of the under-
carriage and positions of the feeds. Owing to this equipment, the scre-
en used by the operator images the real angle of the drifters carrying
feeds to horizontal. The operator is therefore able to respond to these
gradient conditions even at various gradients of the tunnel being exca-
vated. The machine operator guides the feeds manually. The ABC
Regular system, in addition to the Basic system, comprises a control
programme allowing the operator to set drill bits precisely to points
required by the particular design drilling pattern. In this system, the
feeds and drifters are controlled manually. The ABC Total system is
fully automated. The drill rig itself controls the feeds with drifters by
means of a hydraulic drive according to a downloaded template — dril-
ling patterns. In this case, the operator only fulfils a checking function.
This system even allows programming of sequential drilling,
i.e. drilling only for a part of the tunnel profile.

Controlled drilling in Votice-BeneSov tunnels

Atlas Copco Boomer L2C and E2C drill rigs used on the constructi-
on sites are equipped with the ABC Total system, owing to which it is
possible to carry out drilling operations for subsequent filling of drill
holes with explosives using a pre-set template. The template for the
control programme comprises drilling patterns developed for individu-
al parts of the tunnel (top heading, bench and bottom) in the general
blasting design, which was approved by the Bureau of Mines. The dril-
ling patterns are modified for each excavation round according to the
geological conditions encountered, the size of the surveyed and evalu-
ated overbreak in the previous round and, at last but not least, the
assessment of the face condition by the technical supervisor directly at
the face. Despite initial problems, the ABC Total system has become
common for the tunnel excavation crews and today it is used totally
routinely. Thanks to this system, we are successful in our efforts to
drive the tunnels with minimum possible overbreaks.

Emulsion explosives

Emulsion (pumped) explosives — blasting is carried out using
a system of non-electric firing of primers. The pumped explosives are
produced by mixing individual components directly at the excavation
face, thus the complications associated with handling of classical pri-
ming explosives are avoided. Another very valuable moment is the pos-
sibility to fill each drill hole with an individual amount of the explosi-
ve, depending on the assessment of the geology encountered, which is
carried out by the person responsible for the execution of blasting.
Together with emulsion explosives, the Indetshock non-electric firing
system is used for blasting operations. Among the biggest advantages
of this system, there are improved safety resulting from the elimination
of the effect of foreign sources of electric power (accidental initiation),
higher variability of the timing, thus improved possibility to adapt the
blast timing to particular conditions, as well as more effective manage-
ment of detonators resulting from narrower assortment required for
achieving required results. The application of the emulsion explosive
technology is economic for a tunnelling contractor at the length of drill
holes (or the round length) equal to or exceeding 2m. The risks associ-
ated with using this technology comprise first of all encountering worse
geology than that predicted by the geological survey, which means
reduced round lengths, and possible complications in cases of misfires
(reduced efficiency) of the particular explosive. Emulsion explosives
were used only when driving the Zahradnice tunnel through excavation
support class II with the round length of 2.5m. They were not used in
the Olbramovice tunnel, where poorer quality rock mass was encounte-
red. Because of repeatedly poor quality of supplies of emulsion explo-
sives and problems resulting from the poor quality (the necessity for
breaking the rock mechanically in the cases of the emulsion explosives
detonation failures), we even abandoned the idea of using emulsion
explosives during the excavation of the Zahradnice tunnel. For the
above reasons only classical cartridge explosives are today used.
Normet Himec 9905 BT twin-boom platform

A hoisting platform with a pair of telescopic lift booms carrying wor-
king baskets has been used for the first time by Subterra a.s. on this site.

The twin-boom design allows reaching the whole excavated profile
(16m wide and 11m high) from a single set up. This working range
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Zakladni parametry Normet Himec 9905 BT
Basic data on Normet Himec 9905 BT

Pocet ramen s kodem / Lift booms with baskets 2

Max. vyskovy dosah ploSiny / Maximum basket height 9 500 mm
Velikost koe / Basket dimensions 1,5x1,8 m
Max. vy$kovy dosah z kose

Maximum height reachable from the basket 11,7m
Max. horizontélni dosah

Max. horizontal reach 16m
Nosnost koSe / Basket loading capacity 2x500 kg
Délka / Length 11100 mm
Vyska / Height 2900 mm
Sitka / Width 2 040 (3 800) mm
Vaha / Weight 19 600 kg

Hydraulické vzpéry
Hydraulic braces

vpredu i vzadu

both at the front end
and rear end

Obr. 4 Diilni ploSina Normet Himec 9905 BT
Fig. 4 Normet Himec 9905 BT underground lift platform

POZNATKY Z REALIZACE

Geomonitoring

U vSech budovanych tunelu jsou v prubéhu stavby méfeny
a vyhodnocovdny veli¢iny monitorujici chovdni horninového pro-
stfedi, nové budovanych stavebnich konstrukci a objektu stdvaji-
cich. Sou¢asné jsou kontinudlné s postupem stavebnich praci sledo-
vany inZenyrskogeologické, hydrogeologické a geotechnické vlast-
nosti masivu. Na zdkladé souboru provddénych vysledki méfeni
a pozorovdni jsou prijimdna takova opatfeni, aby deformaéni cho-
véani bylo udrZeno v projektem predpoklddanych mezich a aby byla
zajisténa bezpecnost i ekonomicnost stavebniho dila.

K hlavnim typum méfeni, kterd jsou na téchto raZzenych tunelech
provadéna, patfi predev§sim konvergenéni sledovdni v podzemi,
extenzometrickd méreni, nivela¢ni sledovani povrchu nad tunely,
3D geodetické sledovani stavebnich jam, geodetickd dokumentace
tvaru vyrubu (profilace), seismickd sledovani okolni zastavby, sle-
dovdni drovné hladin ve stdvajicich studnich a dal§i. VétSina dat
(predevsim data monitorujici deforma¢ni chovdni) je bezprostredné
po zméfeni vyhodnocena a prezentovdna na internetovém portéle
Barab, kde do nich mohou nahliZet ostatni dcastnici vystavby.

Tunel Zahradnicky, ktery je raZen v pfiznivejsi geologii (relativ-
né kvalitn{ Zuly) neZ tunel Olbramovicky, doposud vykazuje pomer-
né priznivé deformace horninového masivu. V podzemi na konver-
gencnich profilech byly doposud zaznamendny radidlni deformace
do 10 mm, ojedinéle do 15 mm. Prichod opéfi se na deformacich
projevuje nepatrné (deformace v fadech milimetra). Na extenzomet-
rech ve stani¢eni TM 930, pod kterymi prosla tunelovd trouba, byly
naméfeny hodnoty seddni do 15 mm u spodnich méfenych drovni
povrchu dosahovaly hodnoty seddni ve stejném profilu ve stani¢eni
TM 930 cca do 10 mm s $itkou poklesové kotliny cca 40 m (vzdy
20 m od osy tunelu). Nadlozi tunelu v tomto profilu TM 930 ¢ini
10,2 m.

Je predpoklad, Ze priznivé deformaéni chovéni horninového masi-
vu povede projektanta k pouziti nevyztuZenych sekci sekundarniho
osténi v realizaéni dokumentaci stavby.

U tunelu Olbramovického, ktery je razen v hor§ich IG pomérech
(zvétralé a tektonicky porusené ruly), dosahovaly deformace vétsich
hodnot nez u tunelu Zahradnického. V podzemi na konvergencnich
profilech byly doposud zaznamendny radidlni deformace do 15 mm
a v oblasti jizniho (vjezdového) portdlu hodnoty jesté vyssi do
35 mm. Pruchod opéfi se na deformacich projevuje predevsim
v oblasti jizniho portdlu — narust deformaci okolo 10 mm. Na exten-
zometrech byly naméreny nejvétsi deformace rovnéZ v oblasti jizni-
ho portdlu ve stani¢eni TM 393. Na spodnich méfenych trovnich
(nejniz§i méfend droven je 1,5 m nad teoretickym vyrubem) byly
zaznamendny poklesy do 60 mm. Na povrchu dosahovaly hodnoty
sedani ve stejném profilu ve stani¢eni TM 393 cca do 40 mm
s $itkou poklesové kotliny cca 40 m (vzdy 20 m od osy tunelu).

significantly reduces the times necessary for the installation of reinfor-
cement, because re-setting of a single-boom machine in a new position
becomes unnecessary and 2 working baskets are manned simultane-
ously. Owing to this piece of equipment the duration of individual ope-
rations associated with charging of blast holes and installation of exca-
vation support (placing KARI nets, erecting lattice girders etc.) was sig-
nificantly reduced

LESSONS LEARNED DURING THE WORKS

Geomonitoring

Quantities monitoring the behaviour of the rock environment and
structures, both newly built as well as existing ones, are measured and
assessed at all tunnels under construction during the work operations.
At the same time, engineering geological, hydrogeological and geo-
technical properties of the rock mass are observed continually, with the
construction works proceeding. Measures are adopted on the basis of
the set of results of the measurements and observations designed to kee-
ping the deformational behaviour within limits assumed by the design
and ensuring safety and economy of the works.

The main types of measurements conducted on the mined tunnels
comprise first of all observation of convergences in the underground,
extensometer measurements, levelling on the surface above the tunne-
Is, 3D surveying of construction trenches, survey documentation of the
excavated opening (profiling), seismic observation of adjacent existing
buildings, observation of the ground water table in existing wells etc.
The majority of the data (above all the data monitoring the deformatio-
nal behaviour) is immediately after the measurement completion asses-
sed and presented at the Barab Internet portal, which is available for all
other parties to the construction.

The Zahradnice tunnel, which is being driven through more favou-
rable geology (relatively good-quality granite) than the Olbramovice
tunnel, has exhibited relatively favourable deformations of the rock
mass till now. Radial deformations up to 10mm (in isolated cases up to
15mm) have been recorded in the underground on convergence profi-
les. The passage of the bench excavation affects the deformations only
to a minimum extent (deformations in the order of millimetres).
Settlement values up to 15mm were measured at the lower measure-
ment levels of extensometers at tunnel chainage 930m after the passa-
ge of the tunnel tube (the lowest measurement level is 1.5m above the
theoretical excavated profile). The values of settlement measured on the
surface at the same measurement station at tunnel chainage 930m rea-
ched roughly up to 10mm, with the width of the settlement trough of
about 40m (always 20m on either side of the tunnel centre line). The
tunnel overburden at this measurement station is 10.2m high.

It is expected that the favourable deformational behaviour of the rock
mass will lead the designer to the use of un-reinforced concrete for
some sections of the secondary lining in the detailed design.

As far as the Olbramovice tunnel is concerned, which is being driven
through worse engineering geological conditions (weathered and tecto-
nically disturbed gneiss), deformations reached larger values than those
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Obr. 5 Vysledky méreni extenzometru ve stani¢eni TM 930 tunelu Zahradnického

Fig. 5 Results of extensometer measurements at the Zahradnice tunnel chainage 930m

Nadlozi tunelu v tomto profilu TM 393 ¢ini 8,2 m. Deformace maji
k dne$nimu dni tendenci k ustdleni, avS§ak zcela uklidnéné nejsou.
Na zdkladé zastizené geologie a na zdkladé vysledki méfeni bylo
v oblasti jizntho (vjezdového) portédlu pristoupeno k uzavien{ profi-
lu tunelu protiklenbou na délce 36 m, tj. na délce ti{ sekci sekun-
ddrnfho osténi.

U kazdého stavebniho postupu jsou u obou tunelt dokumentova-
ny tvary vyrubu pristrojem profiler. Tento graficky a numericky zdz-
nam je podkladem pro vy¢isleni nadvyrubu a po zaméfeni tvaru pri-
marniho osténi je také mozno vyhodnotit tloustku stiikaného betonu
v jednotlivych fezech.

Jak uz to u dopravnich liniovych staveb byva, jsou i ndmi budo-
vand dila pfedmétem zdjmu majiteld okolnich nemovitosti. Aby se
piedeslo pfipadnym sportim, jsou ve vytypovanych obcich sledové-
ny ve ctrndctidennich cyklech veSkeré studny. Z dosavadnich
vysledku zatim nevyplyvd, Ze by doslo k jakémukoli ovlivnén{
urovné hladin vody v téchto studnich.

measured at the Zahradnice tunnel. To date, radial deformations up to
15mm have been recorded at underground convergence measurement
stations, with the values measured in the area of the southern (entran-
ce) portal even higher, up to 35mm. The passage of the bench excava-
tion has affected the deformations first of all in the area of the southern
portal — an increase in deformations about 10mm. The greatest defor-
mations measured on extensometers have been recorded also in the area
of the southern portal, at tunnel chainage 393m. Subsidence up to
60mm was registered at the lower measurement levels (the lowest mea-
surement level is 1.5m above the theoretical excavated cross-section).
On the surface, settlement values measured at the same measurement
station at tunnel chainage 393m reached about 40mm, with the width of
the settlement trough of about 40m (always 20m on either side of the
tunnel centre line). The tunnel overburden at this measurement station
at tunnel chainage 393m is 8.2m high. At present, deformations have
a tendency to stabilisation, however, they have not been completely sta-
bilised yet.
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Obr. 6 Vysledky méreni extenzometru ve stani¢eni TM 393 tunelu Olbramovického
Fig. 6 Results of extensometer measurements at tunnel chainage 393m of the Olbramovice tunnel
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A decision was made on the basis of the geology
encountered and measurement results that a 36m
long section of the tunnel lining in the area of the

an

i 2

APCADT Temmreds & 8

' comp southern portal (three secondary lining casting
e e blocks) be closed by an invert.
E..‘-?‘. The shapes of the excavation are documented for
’ pe et e fmec b, each excavation round by the Profiler scanner. The
ity SR B o e graphical and numerical record is a basis for the
| {_:_:’:’ A 1-‘_"? o iy quantification of overbreaks. In addition, it is pos-
Fu o RN sible after surveying the shape of the primary lining
_J:" s b to assess the thickness of the primary lining shotcre-
i in fretea e i te in individual profiles.

As usual in the cases of linear transportation pro-
jects, the constructions being implemented by our
companies are the subject of interest of owners of
neighbouring properties. All wells in selected villa-
ges are observed at fortnight cycles with the aim of
preventing potential disputes. It does not follow
from the results obtained till now that the excavation

-"-_'_-:‘- has influenced water tables in the wells in any way.

Continual monitoring of seismic effects induced by
ﬁ blasting operations has been conducted in selected buil-
A

dings and buildings owned by complainers. To date,
only insignificant vibration velocities up to 1mm/s have

Obr. 7 Priklad vystupu tvaru vyrubu z pFistroje profiler

Fig. 7 Example of the excavation shape output provided by the Profiler scanner

Ve vytypovanych domech, ale i v domech stéZzovatela, probihd
kontinudlni sledovdni seismickych ud¢inkt od trhacich praci.
Doposud byly zaznamendny pouze nevyznamné rychlosti kmitan{
do 1 mm/s. Z hlediska normy CSN 73 00 40 ZatiZeni stavebnich
objektu technickou seismicitou a jejich odezva jsou tyto hodnoty
niz8i nezZ hodnoty uvedené v tab. 14 této normy. Jsou tedy niz$i, nez
miniméln{ hodnoty, pfi kterych vznikaji §kody na konstrukcich.

Nadvylomy

UdrZeni nadvylomt v mezich pfedpoklddanych pfi stanoveni
nakladu na razby je jednim z podstatnych faktora uréujicich ekono-
miku zakdzky. Z tohoto davodu je velikosti nadvyloml vénovéna
patfi¢nd pozornost, jsou pravidelné vyhodnocovédny a byla a jsou
prijimdna technickd opatfeni pro jejich minimalizaci. V pripadé
Zahradnického tunelu to bylo zejména zavedeni fizeného vrtdni
v systému Total a optimalizace vrtnych schémat zejména v oblasti
obrysovych vrtu.

Stanoveni velikosti technologického podminéného nadvylomu
(TPN), ktery je investorem plné hrazen, vychdzi ze Zvlastnich tech-
nicko kvalitativnich podminek CD (ZTKP), respektive z projektové
dokumentace, a je zdvislé na zatfidéni vyrubu do jednotlivych tech-
nologickych trid.

Skute¢nd oblast TPN, kterd zhotovitele zajima nejvice, uvazova-
nd od nadvySeného rubu primérniho osténi (navySeni o stavebni
tolerance, konvergence primérniho osténi a prostor pro hydroizola¢-
ni souvrstvi), je vSak pro vSechny technologické tfidy stejnd a &inf
pouhych 50 mm.

DuleZitym parametrem majicim negativni vliv na velikost dosa-
hovanych nadvylomu je délka zdbéru. Vzhledem k faktu, Ze obryso-
vé vrty nemohou byt z technologického hlediska vedeny paralelné
s osou razby a netvori tedy idedlni védlcovou plochu, ale plochu
kuZelovou, dochdzi s ndrastem délky zdbéru i k narastu procentniho
podilu nadvylomu. V piipadé zastiZzen{ lep§ich technologickych tiid
tedy na jedné strané dochazi ke snizovén{ hranice TPN dle ZTKP, na
strané druhé jsou vSak vzhledem k rostoucim délkdm zdbéru vytvo-
feny podminky pro jejich narust.

1 pres prijatd opatfeni a kontinudlni snahu o minimalizaci nadvy-
lomu dochézi k prekracovani hranice TPN danych ZTKP.

Celkovy podil nadvyrubu nad hranici TPN k celkovému objemu
vytéZené rubaniny se k dne$nimu dni pohybuje kolem 4,5 % a lze
ocekdvat negativni dopad bilance nadvylomi do ekonomiky
zakdzky.

PRUBEH A ASPEKTY RAZBY

Tunel Zahradnicky

Jak jiz bylo zminéno vySe, razbou tunelu byly zastizeny kvalitni
zuly slabé navétralé. V téchto geologickych podminkdch realizuje
firma Subterra, a. s., tunel tohoto profilu (cca 100 m2) poprvé.

been registered. In terms of CSN 73 0040 standard

“Seismic loading on structures caused by technical seis-

micity and their response”, these values are lower than
the values set in Table 14 of this standard. They are therefore lower than
the minimum values at which damage to structures originates.

Overbreaks

Keeping overbreaks within the limits assumed when the excavation
costs are being calculated is one of substantial factors ensuring that
a contract is economic for the contractor. For that reason the magnitu-
de of overbreaks is paid due attention. Overbreaks are regularly asses-
sed and technical measures have been adopted to minimise them. As far
as the Zahradnice tunnel is concerned, the main measure comprised the
introduction of the controlled drilling using the ABC Total system and
optimisation of drilling patterns, first of all in the area of contour holes.

The determination of the unavoidable overbreak (UO) which is fully
paid for by the client is based on Czech Railways’ Special Technical
and Quality Specifications (STQS) or on the design. It depends on the
division of the excavation into individual excavation support classes.

The actual UO area which the contractor is interested in most of all,
starting from the outer surface of the primary lining installed in an over-
cut excavation profile (overcutting required for construction tolerances,
convergence of the primary lining and a space for waterproofing layers)
is identical for all excavation support classes; it is set at a mere SOmm.

The excavation round length is an important parameter negatively
influencing the magnitude of overbreaks. Because of the fact that con-
tour holes cannot be drilled in parallel with the tunnel excavation cent-
re line, forming a conical surface instead of an ideal cylindrical surfa-
ce, the percentage of the overbreak area grows with the growing round
lengths. When better excavation support class rock mass is encounte-
red, the UO border set out by the STQS is on the one hand lowered,
but, on the other hand, conditions for the expansion of the overbreaks
are created owing to the growing round lengths.

The borders set for the UO by the STQS are from time to time exce-
eded, despite the adopted measures and continual efforts to minimise
the overbreaks.

To date, the overbreaks beyond the UO limits make up about 4.5%
of the entire volume of the excavated muck, therefore a negative
impact of the overbreak balance into the contract economy can be
expected.

COURSE OF THE EXCAVATION AND ITS ASPECTS

The Zahradnice tunnel

As mentioned above, the excavation encountered good-quality,
weakly weathered granite. It has been for the first time for Subterra
a.s. to build a tunnel with this cross-sectional area (about 100m2) in
these geological conditions. The biggest problem faced during the
excavation is the high quality of the rock mass, first of all high valu-
es of strength-related characteristics of the encountered rock. It is
nearly during all activities that this hardness of the rock environment
results in higher time consumption and economic demands compared
with original assumptions.
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Nejvétsim problémem pfi provadéni raZeb je samotnd kvalita horni-
nového prostiedi, zejména vysoké hodnoty pevnostnich charakteris-
tik zastizenych hornin. Témér pri vSech ¢innostech ndm tato odol-
nost horninového prostiedi zpusobuje vy3§i Casovou a ekonomickou
néro¢nost oproti puvodnim predpokladim.

Provédéni vrtacich praci je spojeno se zvySenou spotiebou vrtné-
ho nédradi (vrtacich korunek a dalSiho prislusenstv{). Pfi nakldddni
a premistovani rubaniny po trhacich pracich strojni mechanismy
pracuji v pro né nestandardnich podminkdch (nerovnd pocva —
nemoznost strojniho dorovnéni). I pfes skute¢nost, Ze pouZité kolo-
vé nakladaCe jsou vybaveny specidlnimi fetézy, je jejich opotrebeni
oproti predchozim zakdzkdm vyS§i o vice neZ 100 %. Skalni bagry
a ostatni mechanismy jsou silné namdhané zejména na podvozkové
Casti (pasové podvozky skalnich bagra jiz musely byt kompletné
vyméneny).

V neposledni fadé mé zastizené horninové prostredi primy nega-
tivni vliv na rychlost raZeb, kdy u zdbéru 2,5 m a delsich neni mozné
v kaloté pravidelné dosahovat postupti 2 zdbéri za 24 hodin.
Hlavnim duvodem je prodlouZeni jednotlivych operaci (vrtaci
prace, naklddka rubaniny).

Souédsti tunelu Zahradnického je i dnikovd cesta z davodu poZér-
ni bezpeénosti a délky tunelu. Unikovi cesta je z tunelu, ve stanide-
ni 300 m od vyjezdového portdlu, vedena 58,5 m dlouhou Stolou
o0 prufezu cca 16 m2. Ndsledné je cesta vyvedena na povrch 26,1 m
hlubokou $achtou kruhovitého tvaru o poloméru 7 m. Sachta je jiz
v plném rozsahu vyhloubena, zaizolovdna mezilehou izolaci
a zabetonovédna do definitivniho osténi. Stola je vyraZena z 50 %
v primédrnim osténi.

Tunel Olbramovicky

Razba tunelu probihala ve zvétralych a tektonicky poruSenych
ruldch, oproti predpoklddanym kvalitnich granitoidnim hornindm.
Vzhledem k zastizenym podminkdm pracovnici provadeli razbu
s maximdlni opatrnosti a museli reagovat na velmi casté skokové
zmény geologie. Razba postupovala po krat§ich zdabérech 1,0-1,5 m
a bylo pouZito masivnéjsi zajisténi vyrubu, coZ odpovidalo NRTM
IV-VI. Pristropi se zajiStovalo predrdZenymi jehlami a ¢elo vyrubu
pritéZovacim ¢elbovym klinem v kombinaci se stffkanym betonem.
V prubéhu razby pracovnici také museli vyvinout znaéné usili pri
odvddéni (¢erpédni) dulnich vod z tunelu, zejména v oblasti vjezdo-
vého portdlu. V téchto hornindch, kde musi razbu konajici pracov-
nici reagovat na zmény geologie a zastiZzend geologie nenf kvalitni,
jiz v minulosti firma Subterra, a. s., razila. Nebyly tedy zaznamena-
ny vétsi problémy, které by vedly ke zvySeni predpoklddanych
nékladu, a tudiZ k negativnimu dopadu na ekonomiku zakdzky.

ZAVER

K dneSnimu dni je vyraZeno cca 65 % délky kaloty a cca 40 %
délky opéri tunelu Zahradnického. Pokud budou préice na razbéch
postupovat ve stejném tempu, bude tunel doraZen zacdtkem fijna
2010 a ndsledné betonédze definitivniho osténi budou dokonceny na
konci roku 2011. Tunel Olbramovicky je k dneSnimu dni vyraZen
v celé délce a byly zahdjeny prdce na betondzi definitivniho osténi
a tomu predchdzejici prdce na instalaci hydroizola¢niho souvrstvi
a armovani urenych bloku. BetondZ bude probihat od hloubené
¢asti vyjezdového portdlu smérem k vjezdovému. Stavebni povole-
ni na tunely Tomicky I a Tomicky IT nabude pravni moci v mésici
srpnu 2010 a v tomto mésici také zapoCnou price na jejich budova-
ni. Dokonéeni téchto zbyvajicich dvou tunelu je napldnovéno na
prelom roku 2011/2012.

ING. RADIM SPONAR, rsponar@subterra.cz, SUBTERRA, a. s.
ING. MILAN KOSSLER, kossler@arcadisgt.cz,
ARCADIS - Geotechnika, a. s.

Recenzoval: Ing. Vladimir Prajzler

Pouzité podkiady

Technické zpravy projektové dokumentace tunelu Zahradnického
(METROPROJEKT Praha, a. s., autor Ing. Mdra Jif{) a tunelu
Olbramovického (IKP Consulting Engineers, s. r. o., autor
Ing. Mafiik Libor)

- www strdnky vyrobct Normet, Austin Powders
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The drilling operations are associated with increased consumption
of drilling tools (drill bits and other accessories). When the muck is
being loaded and transported after blasting, mechanical equipment is
operated in conditions which are not standard for it (an uneven bottom
which cannot be trimmed mechanically). Despite the fact that the whe-
eled loaders being used are equipped with special chains, the wear to
the machines is more than 100% higher compared with previous con-
tracts. Hard rock excavators and other equipment are subjected to
extreme stresses, first of all their undercarriages (tracked undercarria-
ges of hard rock excavators had already to be completely replaced).

At last but not least, the rock environment encountered has a direct
negative influence on the advance rates. It is impossible for round
lengths equal to or longer than 2.5m to maintain the rates of 2 rounds
per 24 hours. The main reason is the extended duration of individual
operations (drilling operations, loading of muck).

Because of fire safety and the tunnel length, part of the Zahradnice
tunnel is also an escape route. The escape route leads through a 58.5m
long gallery with the cross-sectional area of about 16m?2 from the tun-
nel, starting at tunnel chainage 300m from the exit portal. The escape
route is led to the surface via a 26.1m deep circular shaft (the radius of
7m). The shaft sinking has been completed, the intermediate waterp-
roofing installation and the final lining casting has been finished.
About 50% of the gallery excavation and installation of the primary
lining has been completed.

The Olbramovice tunnel

The tunnel excavation passed through weathered and tectonically
disturbed gneiss, as opposed to the assumed passage through good-
quality granitic rock. Taking into consideration the conditions encoun-
tered, the crews carried out the excavation with maximum caution.
They had to respond to very frequent step changes in the geology. The
excavation proceeded using shorter round lengths (1.0 — 1.5m); heavi-
er means of the excavation support were used, corresponding to
NATM classes IV — VI. The top heading was stabilised by spiling and
the excavation face was stabilised by a supporting rock wedge combi-
ned with shotcrete. The crews had to make great effort to evacuate
(pump) mine water from the tunnel during the excavation, first of all
from the area of the entrance portal. Subterra a.s. has already driven
tunnels through this type of rock, where the mining crews had to res-
pond to changes in geology and the quality of the geology encounte-
red was not good. Owing to this fact more significant problems leading
to an increase in the anticipated costs resulting in a negative impact to
the contract economy were not encountered.

CONCLUSION

To date, about 65% of the Zahradnice tunnel top heading excavati-
on and about 40% of the bench excavation have been finished. If the
excavation work continues at the same rate, the tunnel excavation will
be completed at the beginning of October 2010, with the subsequent
casting of the final lining blocks ending at the end of 2011. The
Olbramovice tunnel excavation has been completed throughout its
length and casting of the final lining with the preceding installation of
waterproofing layers and installation of concrete reinforcement has
started. The casting will proceed from the cut-and-cover section at the
exit portal towards the entrance portal. The construction permits for
the Tomice I and Tomice II tunnels will become legally valid in August
2010. This month will see the commencement of construction work on
these tunnels. The completion of these two remaining tunnels is plan-
ned for the beginning of 2012.

ING. RADIM §PONAR, rsponar@subterra.cz, SUBTERRA, a. s.
ING. MILAN KOSSLER, kossler@arcadisgt.cz,
ARCADIS — Geotechnika, a. s.
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HISTORIE POUZIVANI PLNOPROFILOVYCH RAZICICH STROJU
U FIRMY SUBTERRA

HISTORY OF USING FULL-FACE TUNNELLING MACHINES
IN SUBTERRA A. S.

KAREL FRANCZYK

ZACATEK NOVE ERY

S tim, jak se bliZzi nasazeni tunelovacich stroju typu EPBS na
stavbé prodlouZeni trasy metra A z Dejvic na Motol, stoupd logicky
zdjem odborné verejnosti o tuto problematiku. Neni divu, ve svéte
podil vyuzZiti tunelovacich stroju rok od roku narastd a dé se fici, Ze
tato technologie je uz nékolik let vyuZzivand vice neZ napt. techno-
logie D&B (Drill and Blast) ¢i NRTM. Zcela jinak tomu bylo
v poslednich letech u nds, zde naopak zejména NRTM naprosto opa-
novala specializované projekéni kanceldre a ndsledné i stavby tune-
13, a nemd cenu ted dalekosdhle rozebirat, 7e co se ob&as vyddvalo
za NRTM, byly jen spiSe jeji velmi volné variace, anebo Ze obCas
byla tato technologie vnucovéana zbyte¢né.

ZAPOMENUTA HISTORIE

SpiSe stoji za to dnes, kdy stojime bez nadsdzky na prahu novo-
dobé historie, pfipomenout minulost o néco davnéjsi, presnéji rece-
no obdobi zhruba od poloviny let sedmdesatych po zadéatek let
devadesdtych minulého stoleti. V tom obdobi se totiz v Ceské
republice prvni plnoprofilové razici stroje prileZitostné nasazovaly
a zanechaly po sobé desitky kilometru stdle funkénich tuneld. Jisté,
v té dobé §lo o tplIn€ jinou generaci tunelovacich stroju — byly jed-
nodussi, mensi, méné vykonné a také jejich vyuziti bylo omezenéj-
§i. Presto se fada Ceskych firem pustila do téchto ndroénych akef,
které predstavovaly vyzvu nejen z pohledu technického ¢i tuneldr-
ského, ale vyZadovaly vzdy i izkou spolupréci se zahrani¢nim part-
nerem, intenzivni cizojazy¢nou komunikaci, velké ekonomické
naroky a to pro né nebylo vibec jednoduché. Z dnes existujicich
firem je tfeba zminit a ocenit tyto aktivity napf. u Metrostavu ¢i
VOKD (plnoprofilovy razici stroj DEMAG byl nasazen v letech
1983-1990 v karvinskych dolech). Nicmén¢ nejvetsi prostor dosta-
ly tyto technologie u spole¢nosti VDUP (Vystavba doli uranového
prumyslu), ze které zaldtkem devadesdtych let vznikla dnesni
SUBTERRA, a. s.

Obr. 1 Razici stroj RS 37—40 v montdZni hale
Fig. 1 RS 37—40 tunnelling machine in an assembly hall

BEGINNING OF A NEW ERA

The interest of the professional public in tunnelling machines is
logically growing with the deployment of EPB TBMs on the Metro
Line A extension from Dejvice to Motol drawing nearer. No wonder.
The percentage of the use of tunnelling machines every year grows.
It can be said that for several years this technology has been used
more than, for example, the D&B or the NATM techniques. The
situation in our country in recent years has been absolutely different.
First of all the NATM has dominated specialist designing offices
and, subsequently, tunnelling projects. It’s no use now analysing in
detail the fact that what was sometimes passed off as the NATM
were rather free variations of this method or that this technique was
designed unnecessarily.

FORGOTTEN HISTORY

It is worth today, when we are standing, without exaggeration, on
the threshold of a new history, reminding us of the little more distant
past, more specifically the period roughly from the middle of the
1970s to the beginning of the 1990s. In this period, first full-face
tunnelling machines were occasionally used in the Czech Republic.
They left tens of kilometres of till now functional tunnels behind
them. Of course, it was an absolutely different generation of tunnel-
ling machines then. The machines were simpler, smaller, with smal-
ler production rates and the use was more limited. Despite this fact,
many Czech companies embarked on these exacting activities,
which represented challenges not only from technical or tunnelling
points of view. They always required close collaboration with
a foreign partner, intense communication in foreign languages and
high economic inputs, which was by no means simple for them. Of
the companies existing till now, it is necessary to mention and app-
reciate these activities, for example, in Metrostav or VOKD
(a DEMAG full-face tunnelling machine was being used in Karvind
mines from 1983 to 1990). Still, the largest space for these techno-
logies was provided by VDUP (Vystavba dolu uranového prumyslu
— Development of mines for the uranium industry), which was trans-
formed at the beginning of the 1990s to current SUBTERRA, a. s.

CONTRIBUTION FROM MINING INDUSTRY

The history of using full-face tunnelling machines in VDUP dates
from 1970, when a TVM 24-27 machine manufactured by Germany-
based DEMAG was deployed on the construction of a water supply
tunnel from Prise¢nice waterworks. This machine, which was desig-
ned for hard rock excavation, allowed driving tunnels with the dia-
meters of 2.4m to 2.7m. The application of this machine was prece-
ded by an era of first long-distance water tunnels bringing potable
water to big towns. These mined workings, which were often even
tens of kilometres long (e.g. the Zelivka — Prague water supply tun-
nel), were driven by traditional mining methods, which meant ina-
dequate extension of construction periods and, at the same time,
enormous requirements for numbers of workers in the underground,
their organisation and safety. Plans for acquisition of the manufac-
ture of full-face tunnelling machines were prepared by the general
directorate of Ceskoslovensky Uranovy Pramysl (Czechoslovak
Uranium Industry) and also by Uranové Doly Pfibram (Uranium
Mines of Pfibram). This was the foundation on which Podzemni
InZenyrské Stavby (Underground Engineering Construction) origi-
nated. The company was later renamed to the above-mentioned
VDUP concern.



19. rocnik - €. 3/2010

Obr. 2 Tunelovaci stroj Demag pri prordzce §toly v Prosecnicich
Fig.2 DEMAG tunnelling machine holing through in Prosecnice

PRINOS HORNICTVI

Historie vyuZzivani plnoprofilovych razicich stroju se na VDUP
zaCala psdt uZ v roce 1970, kdy byl na vodovodnim privadéci
z Vodniho dila Pfise¢nice nasazen stroj z produkce némecké firmy
DEMAG s oznacenim TVM 24-27. Tento stroj, ur¢eny do pevnych
skalnich hornin, umoZnoval razbu tunela o profilech 2,4 a7 2,7 m.
Tomuto nasazeni predchdzela éra prvnich ddlkovych privadéca
pitné vody pro velkd mésta. Tato razend dila byla Casto i desitky
kilometrii dlouhd (napf. vodni privadé¢ Zelivka—Praha) a provadéni
klasickymi hornickymi metodami jednak netimérné prodluZovalo
dobu vystavby a soucasné kladlo enormni ndroky na pocty pracov-
nikd v podzemi, jejich organizaci a bezpe&nost. Plany na ndkup &i
vyrobu plnoprofilovych razicich stroju se odvijely v rdmci generdl-
niho feditelstvi Ceskoslovenského uranového priimyslu a dale
v rdmci podniku Uranové doly Pribram. Na této zdkladné vznikl
podnik Podzemni inZenyrské stavby, ktery se pozdéji prejmenoval
na jiz zminény koncernovy podnik VDUP.

D4 se Fici, Ze situace u nds ponékud kopirovala vyvoj v jinych
zemich, kde to také byly hornické ¢i puvodem hornické firmy, které
prinasely progresivni razici technologie do inzenyrskych staveb.

HISTORICKE PLNOPROFILOVE RAZICI STROJE
U VDUP/SUBTERRA

U podniku byly nasazeny celkem &tyfi razici stroje. Po jiz zminé-
ném TVM 24-27 H nésledoval TVM 34-38 H pro o néco vétsi pro-
fily, ktery pochdzel rovnéz z produkce némeckého DEMAG. Oba
tyto stroje byly v zdsadé uranovym prumyslem odkoupeny, jen
nékteré diléi soucdsti ¢i dpravy byly zhotovovany v tuzemsku. Ve
strojirndch uranového priamyslu vznikl postupné vyrobni program
vyroby valivych dlit a fezného néradi.

To vSe postupné vyvolalo zménu koncepce pofizovéni razicich
stroju a dal3f dva typy stroju (RS 24-27 a RS 37-40) byly vyrobe-
ny ve spoluprdci s vychodonémeckym podnikem Schachtbau
Nordhausen, ktery plnil v rdmci vychodonémeckého rudného pru-
myslu podobnou roli jako VDUP u nds. Do procesu se zapojily
viechny strojirenské slozky uranového prumyslu a také oceldrna
Poldi Kladno. Stroje, jak uZ je patrné z jejich profilu (dvojéisli za

It is possible to say that the situation in our country to some extent
copied the development in other countries, where originally mining
companies brought about progressive tunnelling technologies to be
introduced in the civil engineering industry.

HISTORIC FULL-FACE TUNNELLING MACHINES
IN VDUP/SUBTERRA

A total of four full-face tunnelling machines were used in the
company. After the above-mentioned TVM 24-27 H, a TVM 34-38
H followed, which was designed for slightly larger profiles. It was
also manufactured by Germany-based DEMAG. Basically, the two
machines were purchased by the uranium industry. Only some
minor parts were produced and some modifications were carried out
in Czechoslovakia. A program for manufacturing disc cutters and
cutting tools was gradually implemented in machine works of the
uranium industry.

The above-mentioned situation was gradually solved by changing
the concept of acquiring tunnelling machines. Next two machine
types (RS 24-27 and RS 37-40) were manufactured in collaborati-
on with Schachtbau Nordhausen, an East Germany-based company,
which fulfilled in the East German working of ores a role similar to
the role of VDUP in our country. All engineering components of the
uranium-mining industry and Poldi Klando steel works were invol-
ved in the process. The machines copied to significant extent the
products originally supplied by DEMAG (which is obvious from
the machine profiles, marked by the two figures behind the letters
RS, which roughly specify the profile diameter in decimetres), but
were equipped with numerous novelties.

All of the four types of the machines were of the classical open-
face design, where no support measures could be implemented
during the excavation. This was relatively significant disadvantage.
Attempts to complement these technologies to allow at least a limi-
ted capability for miners to install additional support in locations in
weakness zones existed from the first applications of the machines.
It was always more or less a matter of great improvisation (compli-
cated transport of steel frames or concrete mix for spraying).
Nevertheless, the RS-type machines already allowed some pipelines
to be drawn in the backup (water, air, shotcrete). The last model, RS
37-40, was even equipped with a rockbolting unit.

Obr. 3 Pohled na hlavu stroje RS 37-40
Fig. 3 View of the RS 3740 cutterhead




PInoprofilové razici stroje — provedena dila
Full-face tunnelling machines — completed projects
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Lokalita Ukel Termin Celkova délka Profil Typ

nasazeni razby bm (m) stroje
Location Purpose Operation Total excavation Profile Machine

period length Im (m) type
VD Priseénice Vodovod 07/70 - 07/73 5 300,0 2,67 TVM 24 27 H
Prisecnice waterworks Water main 07/70 —07/73 5,300.0 2.67 TVM 24 27 H
VD Prisecnice Prevedeni vody 10/73 — 11/74 27473 2,67 TVM 24 27 H
Prise¢nice waterworks Water diversion 10/73 — 11/74 2,747.3 2.67 TVM 24 27 H
Karlovy Vary Vodovod 02/75 - 07/75 12050 2,67 TVM 24 27 H
Karlovy Vary Water main 02/75 - 07/75 1,205.0 2.67 TVM 24 27 H
Vysoky Snéznik IG prazkum 10/75 — 12/75 4231 2,67 TVM 24 27 H
Vysoky Snéznik EG survey 10/75 — 12/75 423.1 2.67 TVM 24 27 H
Vykmanov — Kovarskd IG prazkum 09/76 — 02/77 5042 2,67 TVM 24 27
Vykmanov — Kovarskd EG survey 09/76 — 02/77 504.2 2.67 TVM 24 27
Praha Holesovice Kabelovod 06/77 —04/78 1916,6 2,67 TVM 24 27 H
Prague HoleSovice Cable tunnel 06/77 — 04/78 1,916.6 2.67 TVM 24 27 H
Praha HoleSovice Kabelovod 01/77 — 06/78 1403,2 3,80 TVM 34 38 H
Prague HoleSovice Cable tunnel 01/77 — 06/78 1,403.2 3.80 TVM 34 38 H
VD Driinov Prevedeni vody 08/78 — 12/78 971,0 2,67 TVM 24 27 H
Diinov waterworks Water diversion 08/78 — 12/78 971.0 2.67 TVM 24 27 H
VD Josefuv Dul Vodovod 11/78 — 01/80 871,5 3,80 TVM 34 38 H
Josefuv Dul waterworks Water main 11/78 — 01/80 871.5 3.80 TVM 34 38 H
Jachymov — Dul Svornost Prevedeni vody 08/78 — 03/80 15400 2,67 TVM 24 27 H
Jachymov — Svornost Mine Water diversion 08/78 — 03/80 1,540.0 2.67 TVM 24 27 H
Praha Barrandov Kanalizace 09/80 — 03/81 11283 3,80 TVM 34 38 H
Prague Barrandov Sewer 09/80 — 03/81 1,128.3 3.80 TVM 34 38 H
Praha Barrandov Kanalizace 04/81 — 02/82 17304 3,80 TVM 34 38 H
Prague Barrandov Sewer 04/81 — 02/82 1,730.4 3.80 TVM 34 38 H
Praha Prazacka Kabelovod 01/82 —10/82 1 300,0 2,70 RS 24 27
Prague Prazacka Cable tunnel 01/82 — 10/82 1,300.0 2.70 RS 24 27
VD Josefuv Dul Vodovod 11/80 — 01/83 32633 2,67 TVM 24 27 H
Josefuv Dul waterworks Water main 11/80 —01/83 3,263.3 2.67 TVM 24 27 H
Bilina Odvodnéni 08/82 —07/84 2 667,6 3,80 TVM 34 38 H
Bilina Drainage 08/82 — 07/84 2,667.6 3.80 TVM 34 38 H
Dul Rudnany Otvirka dolu 10/83 — 11/85 41527 2,70 RS 24 27
Rudnany Mine Mine opening 10/83 — 11/85 4,152.7 2.70 RS 24 27
Dul Rudnany Otvirka dolu 05/86 — 09/87 2 8200 2,70 RS 24 27
Rudnany Mine Mine opening 05/86 — 09/87 2,820.0 2.70 RS 24 27
VD Slezska Harta Vodovod 12/85 — 03/88 14240 3,80 TVM 34 38 H
Slezska Harta waterworks Water main 12/85 — 03/88 1,424.0 3.80 TVM 34 38 H
Praha Kunratice Kanalizace 01/87 —09/88 4081,2 2,92 RS 37 40
Prague Kunratice Sewer 01/87 — 09/88 4,081.2 2.92 RS 37 40
VD Slezska Harta Vodovod 04/85 — 04/89 51722 2,67 TVM 24 27H
Slezska Harta waterworks Water main 04/85 — 04/89 5,172.2 2.67 TVM 24 27H
BOV Bélec 1. Vodovod 06/89 — 01/91 49420 2,84 TVM 24 27 H
Bélec I. regional water supply Water main 06/89 —01/91 4,942.0 2.84 TVM 24 27 H
BOV Svarec Vodovod 08/88 — 04/91 57040 2,84 RS 24 27
Svarec regional water supply Water main 08/88 —04/91 5,704.0 2.84 RS 24 27
BOV Bélec 1I. Vodovod 05/91 — 11/92 45280 2,84 RS 24 27
Bele¢ 1. regional water supply Water main 05/91 - 11/92 4,528.0 2.84 RS 24 27
Spanélsko — Figaredo Otvirka dolu 10/90 — 03/93 37703 3,80 TVM 34 38 H
Spain — Figaredo Mine opening 10/90 — 03/93 3,770.3 3.80 TVM 34 38 H
BOV Bystrc Bosonohy Vodovody 10/94 — 09/95 31220 3,01 RS 37 40
Bystrc Bosonohy regional water supply Water mains 10/94 — 09/95 3,122.0 3.01 RS 37 40

znackou RS zhruba oznacuji velikost profilu v decimetrech), do
zna¢né miry kopirovaly puvodni doddvky DEMAG, byly viak vyba-
veny mnohymi novinkami.

U vsech ¢yt typu stroju $lo o klasické oteviené razici stroje, kde
nebyla moznost provddét vyztuzovdni dila béhem razby. To byla
pomeérné velkd nevyhoda a uZ od prvnich nasazenf existovaly snahy
doplnit tyto technologie alespon omezenou schopnosti vyztuzovani
v poruchovych mistech. Byla to viceméné vzdy velkd improvizace
(komplikovand doprava ocelovych oblouki & smési na SB),

The machines were mostly lowered from a launching space at
temporary portals. The assembly itself was carried out in steps in
pre-excavated stubs of the tunnels. Muck from all of the above-men-
tioned machines was removed by large-capacity Hagglund mine
trucks. The mining crew consisted of 8 to 10 workers in a shift. Of
them, 3 worked at the cutterhead, the others were responsible for
supplies, cleaning and loading of muck in the backup. This system
was applied in the Czech Republic to driving 60km of tunnels with
profiles ranging from 2.7m to 4m. A survey of all applications is
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nicméné u stroju typu RS jiz byla moZznost taZeni nékterych médii
(voda, vzduch, stifkany beton). Posledni model — RS 37-40 byl
dokonce vybaven i svornikovacim zarizenim.

Stroje se vétSinou spoustély ze startovaciho prostoru u pro-
vizornich portdli a vlastni montdZ se provddéla v krocich do pre-
drazeného zatsténi. VSechny zminéné stroje provadély odtéZovani
pomoci velkokapacitnich vozi typu Héglunds. Osédku tvofilo cel-
kem 8 az 10 pracovniku na sméné, z toho 3 se pohybovali u hlavy
stroje, zbyvajici méli na starosti zdsobovani, ¢i§téni a odtéZovani
v navésu. Takto bylo v CR vyraZeno na 60 km tuneld v profilech
2,7-4 m. Prehled vSech nasazeni je zndzornén v tabulce. Stroje
standardné provadély cca 200 m mési¢né, rekordnim postupem byl
vykon 340 m. Do vyraZenych dél se obvykle vtahovaly bednici
formy a definitivni osténi bylo vytvdfeno Cerpanou betonovou
smési.

POZNATKY Z NASAZENI

Da se fici, Ze vSechny uvedené stroje odvedly ve své dobé svou
praci (kazdy vyrazil 10-20 km tuneli) a byly by i nadédle plné
funkéni, avSak v obdobi prvni poloviny devadesatych let vyrazne
ubylo potencidlnich nasazeni. Dilem proto, Ze hlavni pétefni
kolektory a privadéCe jiz byly zhotoveny, dilem zménou ekono-
mickych a politickych pomérii v CR. Proto byly postupné seiroto-
vany, ostatné podobny osud potkal i stroj PPRS u VOKD.
Zajimavosti stroju u firmy Subterra, a. s., bylo, Ze posledni nasa-
zeni stroje TVM 34-38 H bylo na dole Figaredo ve Spanélsku, kde
je stroj dodnes ,,pohfben* fizenym vybocfenim do strany po dspés-
ném vyraZeni spojovacich prekopl. Zde bylo nutno stroj prestavét
pro prostredi s nebezpelim vybuchu a TVM rozebrat do jednotli-
vych dilu a spustit do uhelné Sachty cca 800 m pod povrch.

Na to, kolik kilometru stroje vyrazily, se nevyskytlo prili§ zdsad-
nich problému. Za zminku stoji vyskyt enormné tvrdych vyvielych
hornin pri razbé kabelového tunelu HoleSovice, které zpusobily
nadmérnou spotfebu ndradi a vedly i k dvahdm o ukonceni nasaze-
ni. Nastésti se jednalo jen o anomalii rozsahu nékolika desitek met-
rd, po které se poméry opét stabilizovaly.

Uplné jiné problémy provizely razbu vodovodniho pfivadéce
Slezskd Harta, kterou po celou dobu ohroZovaly masivni privaly
vody. Tyto problémy se podafilo vyfesit za cenu velmi ndkladnych
a zdlouhavych injektdzi, které byly drazsi, nez byla normdlni cena
razeného dila.

POUCENI PRO DNESEK

Nasazeni prvnich plnoprofilovych razicich stroji v rdmci urano-
vého pramyslu u firmy Subterra, a. s., bylo zajimavou, pomérné
vyznamnou, aviak jiz ukonlenou etapou tuneldistvi v Ceské
republice. PrestoZze u Subterry pracuje dodnes rada lidi, ktefi na
nich byli nasazeni, tato zkuSenost je t€Zko primo aplikovatelnd na
modernich tunelovacich strojich.

Avsak pravé tyto zkuSenosti neni mozné brat jako jakousi ne-
ménnou konstantu, ale jako zdkladnu, se kterou je tfeba déle pra-
covat a rozvijet. Pravé to bylo moZnd divodem, pro¢ zrovna
SUBTERRA, a. s., byla prvnf firmou v éR, ktera nasadila techno-
logii ddlkové fizeného mikrotunelovani Iseki a dodnes je v tomto
oboru u nds na $pici. I v jinych smérech se dé fici, Ze pracovnici
Subterry nemaji problém s nasazovdnim a aplikaci technickych
novinek, at'uz jde o zafizeni pro méfeni a navadéni, nebo vrtdni &i
nabijeni.

Nasazeni plnoprofilovych razicich stroji prvni generace v Ceské
republice je, jak jiz bylo feeno, uzavienou kapitolou. Stopy téch-
to dnes jiz neexistujicich stroju lze v3ak dodnes vidét nejen ve
stdle slouzicich a funk¢nich vyrazenych dilech, ale i v progre-
sivnim zpusobu mysSleni a schopnosti technické improvizace
u nésledovniku jejich tehdejsich provozovatelu.

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra,
SUBTERRA, a. s.

Recenzoval: prof. Ing. Jiri Bartdk, DrSc.

Tuel

presented in the table below. The standard advance rate was about
200m per month, with the record monthly advance rate achieved
reaching 340m. Formwork was usually drawn into the excavated
workings and the final linings were constructed using pumped conc-
rete mixtures.

LESSONS LEARNED FROM THE APPLICATIONS

It is possible to say that all of the above-mentioned machines ful-
filled their tasks satisfactorily (each of them drove 10-20km of tun-
nels) and remained further in functional conditions. However, the
number of potential projects suitable for their application was signi-
ficantly reduced in the first half of the 1990s. Partially the reason
was the fact that main principal utility tunnels and water supply tun-
nels had been completed, partially it was so owing to changes in the
economic and political conditions in the Czech Republic. For that
reason the machines were gradually scrapped. By the way, VOKD’s
PPRS machine met a similar destiny. Piquancy of machines used by
Subterra a.s. was the fact that the last use of the TVM 34-38 H
machine was in the Figaredo Mine, Spain, where it was “buried” by
controlled diverting aside after successful completion of some cross
cuts. At the beginning, the machine had to be overhauled to meet
requirements for working in an explosive environment. Then the
TBM had to be disassembled to individual parts and lowered to the
coal mine, about 800m under the surface, where it was eventually
abandoned.

Taking into consideration the number of kilometres the machines
completed, significant problems encountered were not so many.
Worth mentioning is the occurrence of enormously hard effusive
rock encountered during the excavation of the HoleSovice cable tun-
nel, which caused excessive consumption of tools and led to specu-
lations about terminating the use of the machine. Fortunately, it was
a matter a several metres long anomaly, after which the conditions
again stabilised.

Completely different problems attended the excavation of the
Slezska Harta drinking water supply tunnel, which was permanent-
ly threatened by massive inflows of water during the driving opera-
tions. These problems were successfully solved at the cost of very
expensive and time consuming grouting, which was more expensive
than the normal price of the mined working was.

LESSONS FOR TODAY

The use of first full-face tunnelling machines in Subterra a.s., wit-
hin the framework of the uranium industry, was an interesting, rela-
tively important but already terminated stage in the tunnelling
industry in the Czech Republic. Even though Subterra a.s. still
employs many of the people who worked on them, their experience
is hard to apply to modern tunnelling machines.

This experience cannot be considered as an unalterable constant.
It is a basis which must be continually worked on and developed.
This might be the reason why it was SUBTERRA a.s. to become
the first company in the Czech Republic to introduce the Iseki
remotely controlled microtunnelling technology. The company has
remained at the leading edge in this field till now. It is possible to
say that Subterra employees have no problems with introducing
and applying technical novelties, no matter whether equipment for
measurement and guidance or drilling or loading blast holes is in
question.

The use of the first generation of full-face tunnelling machines in
the Czech Republic is, as mentioned above, a closed chapter.
Although, traces of the today no more existing machines can be seen
till now not only in the completed workings, which are still opera-
ting and functional, but also in the progressive way of thinking and
the ability to improvise technically, which was maintained by follo-
wers of operators of that time.

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra,
SUBTERRA, a. s.
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STRATEGIA UPLATNOVANIA NRTM V USA
NA PRIKLADE TUNELA CALDECOTT
NATM STRATEGIES IN THE U.S. — LESSONS LEARNED
FROM THE INITIAL SUPPORT DESIGN
FOR THE CALDECOTT 4™ BORE

BHASKAR B. THAPA, THOMAS MARCHER, MICHAEL T. MCRAE, MAX JOHN,
ZUZANA SKOVAJSOVA, MAHMOOD MOMENZADEH

ovoD

Tunel Caldecott je situovany pozdii Stdtnej cesty Cislo 24
v Oaklande v Kalifornii. Ndvrh Stvrtej tunelovej riry je spraco-
vany na zdklade principov Novej rakiskej tunelovacej metddy
(NRTM). Principy NRTM typicky pouzivané v Eurépe pre ndvrh
primdrneho ostenia bolo potrebné prispdsobit’ podmienkam
a poziadavkdm v USA. Prikladom je miera skisenosti
s aplikdciou NRTM, prevlddajice zmluvné podmienky a pre-
ferencia jednoduchosti zmluvy. KlIti¢ovymi charakteristikami pri
spracovani navrhu boli:

— kritéria na vyber primarneho vystrojenia tunela zaloZené na
spravani horninového masivu a horninovych pomeroch,

— normativny navrh s povolenou tpravou vystrojenia na zdkla-
de pozorovania geoldgie v priebehu vystavby,

— zoskupenie prvkov primarneho vystrojenia do Styroch hlav-
nych vystrojovacich tried s umoznenim udprav na zdklade
zmien v spravani horninového masivu a podmienkami pre
pouzitie podtypov a dodato¢nych vystrojovacich prvkov.

Stvrtd tunelova rira tunela Caldecott je momentélne vo vystav-

be. Otvorenie prevadzky je pldnované na leto 2013.

VYCHODISKA A ZAKLADNE UDAJE PROJEKTU

Tri existujice tunelové riry tunela Caldecott vedd cez
Berkeley Hills, v smere Stitnej cesty 24 (SR 24) v meste
Oakland, v state Kalifornia. Ministerstvo dopravy v Kalifornii,
Caltrans a Dopravny trad okresu Contra Costa (CCTA) navrhli
rieSenie dopravného pretazenia na SR 24 v blizkosti troch exis-
tujiicich tunelovych rir vystavbou Stvrtej tunelovej rary. Tdto
poskytne dal§ie dva jazdné pruhy. Dlzka navrhovanej Stvrtej
tunelovej riry je 1036 m. Projekt bude zahfnat’ kritke hlbené
useky na kaZzdom portdli, sedem unikovych chodieb s prepojenim
medzi Stvrtou tunelovou rirou a existujicou tretou tunelovou
riirou ako aj opera¢nej a riadiacej budovy. Stvrtd tunelovd riira
obsahuje dva 3,6 m Siroké jazdné pruhy a dva odstavné pruhy,
ktoré si 3 m a 0,6 m Siroké. Razeny tunel je 15 m Siroky a 9,7 m
vysoky. Typicky prie¢ny rez je zobrazeny na obr. 1.

PRECEDENTNE PRIPADY APLIKACIE NRTM

V tejto kapitole je uvedeny prehlad niekolkych precedentnych
pripadov aplikdcie NRTM v USA a Eurépe, ktoré definuji aspek-
ty tunelovania pomocou NRTM zvaZované pri ndvrhu Stvrtej
tunelovej riry Caldecott.

Spojené staty americké — Tunel Devil's Slide
(Diabolsky zosuv)

Tunel Devil’s Slide sa nachddza na kalifornskej ceste ¢islo 1,
juzne od mesta Pacifica nedaleko San Franciska. Dve tunelové
rury prechadzaji pohorim San Pedro. Dlzka kazdého tunela je
priblizne 1250 m. Tunely st 9 m Siroké a 6,8 m vysoké.

Geologické pomery v trase zahfnaji granitické bloky a dva
sedimentarne horninové komplexy (ilovce, prachovce, pieskovce,
a konglomeraty) oddelené zlomami. V oblasti blokov sa nachad-
zaji dodatocné zlomy, ktoré tvoria poruchové zény. Geo-
technicky ndvrh tunela Devil’s Slide je podrobne opisany

ABSTRACT

The design of the Caldecott 4th Bore, located along State Route
24 in Oakland, California, is based on the principles of the New
Austrian Tunneling Method (NATM). Typical NATM initial support
design practices used in Europe were adapted for this project to
account for U.S. conditions and requirements, such as degree of
experience with NATM construction, the prevailing contractual
environment, and preferences for contractual simplicity. Key design
features are: (1) support selection criteria based on ground behavi-
ors and ground conditions; (2) a prescriptive design with allowance
for support adjustments based on observations during construction;
and (3) organization of support requirements into only four major
support categories, while permitting some adjustment for variations
in ground behaviors and conditions using a few subtypes and addi-
tional support measures. Construction of the Caldecott 4th Bore is
underway and scheduled to be open to traffic in the summer of 2013.

INTRODUCTION

Project Background

The existing Caldecott tunnels consist of three bores along State
Route 24 (SR 24) through the Berkeley Hills in Oakland, California.
The California Department of Transportation (Caltrans) and the
Contra Costa Transportation Authority (CCTA) propose to address
congestion on SR 24 near the existing three Caldecott tunnels by con-
structing a fourth bore that will provide two additional traffic lanes.
The length of the proposed fourth bore is 1,036 m (3,399 ft). The pro-
ject will include short sections of cut-and-cover tunnel at each portal,
seven cross-passageway tunnels between the fourth bore and the exis-
ting third bore, and a new Operations and Control Building.

The fourth bore includes two 3.6-m (12-ft) traffic lanes and two
shoulder areas that are 3-m and 0.6-m (10-ft and 2-ft) wide. The hor-
seshoe-shaped mined tunnel is 15-m (50-ft) wide and 9.7-m (32-ft)
high. A typical section of the tunnel is shown in Fig. 1.

Details on ground conditions and initial support design have been
described in previous papers (Thapa et al. 2007, 2008) and are not
repeated here. This paper reviews general aspects of NATM design
used on recent projects, identifies some key design issues regarding
NATM practice in the U.S., and describes how these issues have
been treated in the design for the 4th Bore.

RECENT NATM PROJECTS

This section is a review of some recent NATM projects in the
U.S. and Europe that define aspects of NATM tunneling considered
in the design for the Caldecott 4th Bore.

United States

Devil’s Slide Tunnel. The Devil’s Slide Tunnel consists of twin
one-lane roadway tunnels on California Route 1, just south of the
City of Pacifica near San Francisco. The length of each tunnel is
approximately 1,250 m (4,101 ft). The tunnels are 9-m (30-ft) wide
and 6.8-m (22.3-ft) high.

Ground conditions along the alignment consist of a granitic block
and two sedimentary rock (claystone, siltstone, sandstone, and con-
glomerate) blocks separated by faults. Other faults produce distur-
bed zones within these major blocks. Amini et al. (2005) describe
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Obr. 1 Typicky priecny rez
Fig. 1 Typical section

v prameni (Amini et al. 2005). Projekt je vypracovany na zdkla-
de identifikdcie typov horninového masivu, sprdvania sa horni-
nového masivu a vystrojovacich tried. Na pokrytie r6znorodych
geologickych pomerov v trase tunela bol horninovy masiv rozde-
leny do Styroch kvdzi homogénnych blokov a do piatich vystro-
jovacich tried. Sucastou projektovej dokumentdcie boli kritéria
pouzitelnosti réznych vystrojovacich tried v zdvislosti na geolo-
gickych pomeroch a sprdvania sa zabezpeceného vyrubu. Kritéria
na pouzitie dodatocnych vystrojovacich prvkov boli definované
v stdvislosti s varovnym a kritickym stavom, konvergencnymi
meraniami a sprdvanim sa primdrneho ostenia. O vybere vystro-
jovacej triedy a prvkov vystrojenia sa rozhoduje na dennych
rokovaniach v pritomnosti zhotovitela, ktory navrhuje prislusné
vystrojenie a stavebny dozor, ktory schvdli ndvrh. Vystrojovacie
prvky zahtnaju striekany betén s rozptylenou ocelovou vystuzou,
priestorové priehradové nosniky, svorniky, ihly, mikropilétovy
dazdnik a spodni klenbu. Spravnost navrhu sa pravidelne overu-
je monitoringom v priebehu celej vystavby.

Tunel Beacon Hill

Projekt tunela Beacon Hill zahffia dve tunelové riry, kazdd
v dizke 1 mile, podzemndu stanicu, portdly a pridruzené price
(napr. zlepSenie zeminy). Geologické pomery zahfnaju rdzne gla-
cidlne sedimenty v rozmedzi od nespevnenych, vodonosnych
pieskov po tuhé ily a ily s tektonickymi ohladeninami (Phelps et
al. 2005). Specifikované geologické jednotky boli zoskupené do
piatich hlavnych horninovych typov so zretefom na praktickd
potrebu zniZenia zloZitosti geologického profilu.

Tunel sa projektovo riesil a vzdpiti bol i budovany podla prin-
cipov NRTM. Projekt bol vypracovany na zdklade trojstupriové-
ho pristupu zahtnajiceho:

— normativny ndvrh postupu razenia a vystrojenia (striekany

betén pre kazdu Cast’ vyrubu profilu stanice),

— zlepSenie vlastnosti hornin a ochranny ddZdnik v kritickych

miestach,

— ,tool-box* (skrinka s ndradim) dodato¢nych vystrojovacich

prvkov pouzitelnych podla potreby.

the geotechnical design of the Devil’s Slide Tunnel based on identi-
fication of rock mass types, behavior types, and support categories.
Four behavior types and five support categories were developed to
address the range of anticipated ground conditions. Criteria for appli-
cation of the support categories were provided as part of the contract
documents in terms of ground conditions and behaviors. Criteria for
additional support measures were provided in relation to warning
and alarm level tunnel convergence, support performance, and
ground condition criteria. Support-selection decisions are made on
a daily basis in meetings between the contractor and engineer, with
the contractor proposing the appropriate support category selection
and the engineer approving the proposed support. Support elements
used in the NATM design include fiber-reinforced shotcrete, lattice
girders, rock dowels, spiling, a pipe canopy, and an invert arch.
Monitoring is being used during construction to verify the design.

Beacon Hill

The Beacon Hill Station and tunnels include one mile of twin tun-
nels, an underground station, portals, and ancillary works. Ground
conditions consist of variable glacial soil deposits ranging from soft,
water-bearing sands to stiff, slickensided clays (Phelps et. al. 2005).
A large number of geologic units have been grouped into five major
ground types to reduce the complexity of the geologic profile.

The NATM (or Sequential Excavation Method, SEM) design of
the station tunnels was based on a three-stage approach (Field. et al.
2005) consisting of (1) a prescriptive design for excavation and sup-
port sequences, dimensions, and shotcrete support for each excava-
tion element of the station complex; (2) prescriptive ground condi-
tioning and presupport at critical locations; and (3) a “tool-box” of
additional support measures to be used as required. Daily meetings
between the contractor and engineer were used to confirm support
requirements.

Europe

Strenger Tunnel, Austria. The Strenger Tunnel consists of a twin
two-lane road tunnel in Austria that was driven through highly squ-
eezing ground, as described by John et al. (2005). Ground conditi-
ons consist of quartz phyllonites and quarzitic schists of low per-
meability, with a strike at an acute angle to the tunnel axis and stee-
ply dipping. According to the Austrian Standard (ONORM B 2203),




Obr. 2 Sprdvanie horninového masivu: A — vypaddvanie blokov, B — drobenie,
C — Smykové poruSenie malého rozsahu, D — Smykové poruSenie — hlboky
zlom, E — nestabilita koruny klenby z dévodu nizkeho nadloZia

Fig. 2 Ground behaviors: A — Block Failure, B — Raveling, C — Shallow shear
failure, D — Deep shear failure, E — Crown instability due to low cover

Potrebné zaistenie vyrubu bolo potvrdené na dennych rokovani-
ach medzi zhotovitelom a stavebnym dozorom (Akai et al. 2007).

Europa - Tunel Strenger, Raktisko

Tunel Strenger tvoria dve dvojpruhové tunelové riry. Tunely
boli razené vo velmi tlacivych hornindch — blizSie informdcie
(John et al. 2005). Geologické pomery su tvorené kvartérnymi
fylonitmi (mylonity fylitického vzhladu) a kvartérnymi bridlicami
s nizkou priepustnostou, so smerom sklonu v ostrom uhle k osi
tunela a prudko uklonenych. Podla rakiskej normy (ONORM B
2203) vyrubové triedy su rozdelené osobitne pre kalotu, lavicu
a dno. Osem kategorii je definovanych pre kalotu, Sest’ kategorii
pre lavicu a Styri pre dno. Sprdvanie sa horninového masivu je
zhodnotené a prislu$nd vystrojovacia trieda je pouzitd po kazdom
razi¢skom cykle. Takyto pristup umoZiuje maximalnu flexibilitu
vzhladom na meniace sa geologické podmienky medzi korunou
klenby a dnom tunela. Projekt taktieZ vyuZiva sofistikovany
systém na prisposobenie platieb za prvky vystrojenia, ktory obsa-
huje vplyv ¢asu instaldcie vystrojovacich prvkov na postup vystav-
by. Takyto systém umoznuje platbu na zdklade jednotkovych cien.

OTAZKY SPOJENE S APLIKACIOU NRTM V USA
A EUROPE

Tento odsek uvddza niektoré kltic¢ové prvky ndvrhu aplikacie
NRTM, ktoré si vyZaduju urcitd dpravu v takom zmysle, aby
vyhovovali tunelovacim praktikdim v USA.
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support categories are differentiated for the top heading, bench, and
invert. Eight categories are defined for the top heading, six catego-
ries for the bench, and four for the invert. At each excavation stage,
the ground behavior is evaluated and the applicable support catego-
ry adopted. This allows for maximum flexibility with regard to
changing ground conditions between the crown and invert. The pro-
ject also utilized a sophisticated system for the adjustment of pay-
ment for support elements that accounts for the impact of support
installation time on advance rates. Employing this remuneration
system enabled payment for support elements on a unit-price basis.

NATM DESIGN ISSUES

This section discusses some key considerations regarding NATM
design that were identified as requiring adaptation to suit
U.S. tunneling practices.

Experience with NATM Construction

United States. Considering the size of the U.S tunneling industry,
there have been relatively few tunnels constructed in the U.S using
NATM. In addition to the Devil’s Slide and Beacon Hill projects,
other recent NATM projects in the U.S. include the Stanford Linear
Accelerator (LINAC) Tunnel, Dulles Corridor Metrorail Project,
a reach of the San Vicente Tunnel, the Michigan Street Pedestrian
Tunnel, the Dulles International Airport People Mover, and the San
Diego Mission Valley East Extension (see Thapa, et. al. 2009 for
references).

The limited experience with NATM in the U.S is important becau-
se NATM is an observational method that involves verificati-
on/finalization of excavation and support designs during constructi-
on, and effective application of the method requires experienced
construction personnel within both the owner’s and contractor’s
organizations. These personnel are required to observe ground con-
ditions and behaviors and adjust support accordingly. Although the
widely used (in the U.S.) ground classification scheme by Terzaghi
(Proctor and White 1968) does consider some behavior modes, it is
mainly focused on ground conditions. On the other hand, NATM
ground classification considers a wide range of ground behaviors.
The limited U.S. experience in working with ground behavior obse-
rvations/evaluations, which are a key part of NATM support selec-
tion/design verification, was considered a limitation to be accounted
for in the design layout and preparation of the Caldecott 4th Bore
contract documents.

Europe. In contrast to the U.S., numerous tunnel projects have
been constructed throughout Europe using NATM and, therefore,
there is a wealth of experience with both owners and contractors.
This wealth of experience translates to well-trained miners and site
supervisors with experience identifying key ground conditions and
behaviors that allows immediate decisions at the face on support
requirements. Workers are well acquainted with the procedures for
handling and installing all support elements, which enables prompt
switching of support categories with minimal impacts on producti-
vity. Finally, complex regulations for measurements of bid items are
standard as this procedure has been built upon for years. For exam-
ple, in Austria each support element is remunerated by a separate
pay item and all elements are clearly defined for each support cate-
gory. Adjustments of support elements during construction are
handled by payment for the actual number and type of elements
installed. Impacts of support adjustment on advance rates are
addressed by adjustment of contract support category advance rates
established during bidding using evaluations of time consumed for
installation of adjusted support elements. For instance, if additional
dowels are to be installed, the advance rate will be reduced. This
would be addressed by an adjustment for construction time and
remuneration of costs.

Comparison of Contractual Practice

Contracting for NATM tunnels in Europe allows optimization of
construction to achieve cost and schedule efficiencies by placing the
designer in the construction manager role to provide continued vali-
dation, back-analysis, and design adjustments (Field et al. 2005). In
contrast, the U.S. practice tends to be oriented towards developing
a set of clearly scoped contract documents for competitive bidding
and does not allow the designer to fill the construction manager role.
The risk to owners using the European NATM approach is accepted
because differing site conditions are the responsibility of the owner
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Obr. 3 Priklad poZiadaviek na vystrojenie vyrubu: a — typicky priecny rez, b — pozdfiny rez, ¢ — detail ,,A“
Fig. 3 Example of support category requirements: a — Typical excavation cross section, b — Longitudinal section, ¢ — Detail “A”
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Obr. 4 Projektované rozmiestnenie horninovych tried a vystrojovacich tried pozdfi trasy
Fig. 4 Design prognosis of ground classes and support categories along the alignment

Skusenosti s aplikaciou NRTM v USA

Vzhladom k velkosti amerického tuneldrskeho odvetvia rela-
tivne iba mdlo tunelov bolo razenych s pouzitim NRTM. Okrem
spominanych projektov Devil’s Slide a Beacon Hill, medzi
neddvne NRTM projekty v USA patri tunel pre Linedrny ury-
chlovaé¢ v Stanforde (LINAC), Dulles Metrorail projekt, cast’
tunela San Vicente, tunel Michigan pre pesich, tunely pre medzi-
narodné letisko Dulles TMC, a San Diego Mission Valley.

Je dolezité spomentit obmedzené skiisenosti s NRTM v USA,
pretoze NRTM je observatnou metddou, ktord zahina overenie
a dokoncenie ndvrhu vystrojenia vyrubu v priebehu vystavby.
U¢inné uplatnenie tejto metédy vyZaduje skiseného zhotovitela
(zmluvnd organizdciu) ako aj zdstupcu majitela (prevadzkovate-
Ta). Obe strany st povinné zaznamendvat’ geologické podmienky
a sprdavanie sa horninového masivu a prispdsobit’ vystrojenie
vyrubu zodpovedajicim geologickym pomerom v trase. Napriek
tomu, Ze Siroko pouzivand (v USA) klasifikacnd schéma podla
Terzaghiho (Proctor and White 1968) sa zaoberda niektorymi
sposobmi sprdvania, je tdto schéma predovSetkym zamerand na
geologické podmienky. Na druhej strane NRTM berie do uvahy
celd sériu sprdvania sa horninového masivu. Limitované skuse-
nosti s pozorovanim spravania sa horninového masivu, ktoré je
klic¢ovou sucastou NRTM, boli povazované za obmedzenie, na
ktoré bolo potrebné brat ohlad pri priprave navrhu a zmluvnych
dokumentov S$tvrtej tunelovej riry Caldecott.

Europsky pristup

V celej Eurépe, na rozdiel od Spojenych Stdtov, mnohé tunelo-
vé projekty boli budované pomocou NRTM. Z tohto dovodu,
dodavatel’ aj zdstupca prevadzkovatela (majitela), maji bohaté
skudsenosti s touto tunelovacou metddou. Poetnd prax sa preja-
vuje skisenostami vSetkych zidcastnenych strdn a ich schopnos-
tou identifikovat’ kliicové geologické pomery v trase a spravanie
sa horninového masivu, ktoré umoZznuje operativnu modifikdciu
vystrojovacich prvkov. Pracovnici si dobre oboznidmen{
s postupmi pri manipuldcii a inStaldcii vSetkych prvkov vystroje-
nia, ¢o umoznuje okamZzité prispdsobenie, pripadne zmenu
vystrojovacej triedy, s minimdlnym ovplyvnenim produktivity.
V neposlednej miere, komplexné nariadenie pre odc¢itavanie
poloziek ponuky su Standardizované, na zdklade dlhoro¢ného
pouZivania tejto metddy. Napriklad v Rakusku je kazdy vystrojo-
vaci prvok uhradeny formou samostatnej platobnej polozky

in any case, and the owners are experienced in managing the risk by
participating in the decision-making process at the face. By compa-
rison, the risks to a U.S. owner entailed in using the European app-
roach to NATM contradict the general risk management approach to
construction projects that is prevalent in the U.S. Thus, it is necessa-
ry to adapt the European approach to NATM construction by simpli-
fying and translating European NATM practice such that the bids are
a meaningful basis for selecting the contractor and that the bid price
can be fairly adjusted if conditions are different than anticipated.

In Europe it is practice for the NATM initial support design to be
optimized for variations in ground behaviors so as to achieve the
most efficient tunnel production system possible. This is accomplis-
hed by using a large number of support categories with each support
category suited to a narrow range of ground behavior and providing
bid items for the use of additional support measures as required.
This approach is inconsistent with the general contractual practice
in the U.S. of using only a few support categories that group a range
of ground behaviors and provide a clear basis for bids. The Devil’s
Slide Tunnel is an example of the U.S practice on a recent
U.S. NATM tunnel project. A similar approach was considered for
the Caldecott Project so as to attract the largest number of bidders
and promote competitive bidding.

CALDECOTT 4TH BORE NATM DESIGN FEATURES

This section describes strategies used in the design of the 4th Bore
NATM initial support to address NATM adaptation issues identified
above.

Site Investigation

An extensive site investigation program involving over 1,245 m
(4,100 ft) of borings, geological field mapping, in situ testing, and
laboratory testing was undertaken to characterize materials along
the alignment, The borings cover over 90% of the alignment.
Additionally, construction records from the existing three bores
were reviewed in assessing ground conditions along the alignment.
These data provided a detailed understanding of the range of ground
conditions expected along the alignment. The site investigation
information was evaluated to identify Rock Mass Types (RMTs),
which are rock units with similar mechanical properties, and ground
classes having similar excavation and support requirements (Thapa
et al. 2007, 2008). Results of the site investigation indicate feasible
excavation methods include use of a roadheader, excavator with cut-
ter-head attachment, and drill-and-blast methods.
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a vSetky prvky si jednoznacne definované pre kazdud vystrojova-
ciu triedu. Zmeny a prisposobenie prvkov vystrojenia aktudlnym
pomerom je vykazované na zdklade skuto¢ne zabudovanych prv-
kov vystrojenia. Vplyv zmeny vystrojovacich prvkov na postup
vystavby je rieSeny prisposobenim ¢asového postupu vystrojova-
cej triedy, stanoveného pocas verejnej stitaze pomocou zhodnote-
nia Casu spotrebovaného na instaldciu vystrojovacich prvkov.
Napriklad ak vznikne dodatoéne potreba zabudovat dalsie svorni-
ky, rychlost’ postupu sa znizi. Tato zmena by mala byt rieSend
dpravou Casu a ndkladov.

Porovnanie zmiuvnych praktik

Zmluvné praktiky pre NRTM tunely v Eur6pe umoZznuji opti-
malizdciu vystavby v zdujme efektivnosti ndkladov a ¢asového
harmonogramu. Toto sa dosahuje tym, Ze projektant zastdva
ulohu stavbyvediiceho a poskytuje nepretrzité overovanie, spitni
vizbu a prispdsobuje realiza¢ni dokumentdciu skutoénym pome-
rom. V porovnani z Eurépou, tendencia v USA je vypracovanie
jednoznacne definovaného kontraktu a podkladov pre verejni
sitaz, ale neumoznuje projektantovi zastupovat'dlohu stavbyved-
dceho.

Riziko spojené s pouZitim eurdpskeho pristupu k aplikdcii
NRTM je akceptovatelné pre USA, pretoze v oboch pripadoch
zmena geologickych pomerov je zodpovednostou investora.

Investor ma zna¢né skuisenosti v riadeni a spravovani rizik tym,
7e sa zucastnuje denného procesu rozhodovania o zabudovani
adekvatneho vystrojenia vyrubu. Na porovnanie riziko pre maji-
tela v USA, spojené s pouzitim eurépskeho pristupu k NRTM, je
v rozpore s tradi¢ne pouzivanym pristupom riadenia v§eobecnych
rizik v USA. Z toho dévodu je potrebné upravit eurépsky pristup
k vystavbe s pouzitim NRTM a zjednodusit' eurépsku prax
s NRTM tak, aby cenova ponuka tvorila zmysluplny zdklad pre
vyber zhotovitela a ponukova cena mdze byt spolahlivo uprave-
nd, ak su geologické podmienky odlisné od predpokladanych.

Praxou v Eurépe je operativna modifikdcia vystrojovacich prv-
kov pocas vystavby tunela v zdujme dosiahnutia optimdlnej pro-
jovacich tried, kde kazda trieda je prisposobend pre tuzky rozsah
spravania sa horninového masivu a poskytuje platobné polozky
pre dodato¢né vystrojovacie prvky. Takyto pristup nie je v zhode
s tradi¢ne pouZivanymi zmluvnymi praktikami v USA, kde sa
pouziva iba niekolko vystrojovacich tried, ktoré zoskupuji roz-
sah sprdvania sa horninového masivu a poskytuju jednoznaény
zdklad pre sdtaznu ponuku. Jednym z prikladov pouzitia NRTM
prispdsobenej americkym podmienkam kontraktu je tunel Devil’s
Slide, ktory je momentdlne vo vystavbe. Podobny pristup bol pri-
jaty pre tunel Caldecott, aby prildkal ¢o najvacsi pocet zhotovite-
Tov a podporil sitazivé vyberové konanie.

CHARAKTERISTICKE PRVKY NAVRHU NRTM PRE TUNEL
CALDECOTT

V tomto odseku sa uvddzaju stratégie ndvrhu pouzitia NRTM
pri razeni Stvrtej rdry tunela Caldecott zahfnajiice vyssie uvede-
né otdzky.

Geologicky prieskum

V trase budiceho tunela bol vykonany rozsiahly geologicky
prieskum. Viac ako 1245 m geologickych vrtov, geologické
mapovanie, in situ testovanie a laboratérne testy boli vykonané
pre identifikovanie geologickych pomerov a charakteristiku hor-
nin v trase tunela. Vrty pokryvaji viac ako 90 % trasy. Okrem
toho boli k dispozicii zdznamy z troch existujicich tunelov. Tieto
udaje poskytli detailné informacie o geologickych podmienkach,
ktoré mozno ocakdvat’ v trase tunela. Z informacii ziskanych
z geologického prieskumu boli vyhodnotené typy horninového
masivu (RMT) a boli identifikované horninové celky
s podobnymi mechanickymi vlastnostami (kvdzi homogénne
bloky) a horninové triedy majice podobné poZiadavky na razenie
a vystrojenie vyrubu (Thapa et al. 2007, 2008). Na zdklade
vysledkov prieskumu pre razenud Cast’ sa predpoklada Ze raziace
prace budu vykonané s pouzitim tak mechanického rozpojovania
ako aj vrtno-trhacimi prdcami.

Tab. 1 Sprdvanie sa horninového masivu*
Table 1 Ground Behaviors®

Horninové spravanie
Behavior

Opis rezimu porucha a spravanie sa nezaisteného vyrubu
Description of Failure Modes and Manifestations in an Unsupported
Tunnel

Sprévanie sa charakterizovalo hlavne gravitaénym vykiznutim blokov zo
Struktdry horninového masivu.

Discontinuity-controlled, gravity-induced failure of rock blocks that mani-
fests as falling and sliding of blocks.

Progresivne porusenie malych skalnych blokov v rdmci hlavného horni-
nového masivu v ¢elbe alebo v blizkosti vyrubu. Poruenie je podmienené
Struktarou horniny. Opadavanie sa prejavuje ako postupné vypadévanie
malych skalnych blokov, ktoré moZze viest k vyraznym nadvylomom.
Progressive, discontinuity-controlled failure of small rock blocks within
the general rock mass at or near the excavation surface. Raveling is
manifested as successive fallout of small rock blocks and can ultimately
result in a significant overbreak.

Plytké Smykové porusenie v dosledku pretazenia horniny vo
vzdialenosti od 0.25D do 0.5D od obvodu tunela (D = priemer tunela)
pripadne poru$enie spdsobené gravitaénymi silami. Plytké Smykové
porusenie sa prejavuje miernym pohybom dovndtra tunela obvodu,
vratane dvihania dna, pripadne pohyb horniny pozdiz diskontinuit.
Shallow shear failures result from overstressing of the ground within
0.25D to 0.5D of the tunnel perimeter (D=tunnel diameter) and may be
enhanced by the potential for discontinuity and gravity-controlled failure
modes. Shallow shear failure is manifested by moderate inward move-
ment of the tunnel perimeter, including invert heave, and possibly by
movement of rock into the tunnel opening along discontinuities.

Hiboko siahajuice oslabenie v dosledku pretazenia vo vzdialenosti
véacsej ako 0.25D az 0.5D od obvodu tunela. Hiboko siahajlice $mykové
oslabenie sa prejavuje vyznaénymi radidinymi konvergenciami, vratane
dvihania dna.

Deep-seated shear failures result from overstressing of the ground bey-
ond 0.25D to 0.5D from the tunnel perimeter. Deep-seated shear failure
manifests as large radial convergence of the tunnel perimeter, including
invert heave.

Maknutie/ skaSovatenie RozruSovanie neporuseného masivu nasledne po vyrazeni a obnazeni
horniny. Prejavuje sa odlupovanim materidlu z koruny a boénych stien
tunela. Miera zavaznosti tohto spravania sa hodnoti na zaklade testu

v stlade s ASTM skaSobnej metédy 4644. Maknutie je zavislé na zma-
€ani vyrubu po vyrazeni, prejavuje sa znizenim pevnosti neporueného
masivu, ktoré sa prejavuje zbahnenym povrchom.

Slaking is the deterioration and breakdown of intact rock upon exposure
by excavation and manifests as slabbing of material from the crown and
sidewalls. The severity of this behavior is assessed on the basis of
slake durability tests performed according to ASTM Test Method 4644.
Softening, which is dependent on wetting and exposure by excavation,
is the reduction of intact rock strength at the invert or elsewhere and
manifests as the development of a muddy or unstable invert or sloug-
hing along segments of the tunnel perimeter elsewhere.

Casovo zavislé zvatovanie objemu horniny spdsobené fyzikaino-che-
mickymi reakciami horniny a vody v kombin&cii so zniZzovanim napétia.
Napucavanie sa prejavuje pohybom horniny smerom dovnutra vyrubu
alebo pritaZenim vystrojenia vyrubu,

Swelling occurs due to absorption of water by clay minerals in rock
upon excavation-induced unloading. Swelling manifests as movement of
the ground into the tunnel opening or additional tunnel support loading.

Nestabilita v stropnej  Nadmerné geologické nadvylomy v korune klenby tunela a déjde
klenbe z dévodu k zlyhaniu vo forme kominového efektu v désledku nizkeho nadlozia
nizkeho nadlozia v priportalovej oblasti. Prejavom je vypadavanie blokov a opadévanie
Ulomkov nad korunou klenby.

Excessive crown geological overbreak and chimney-type failure will
occur due to lack of confinement under low-cover reaches at portals.
It manifests as block fallout and raveling above the crown.

Vypadavanie blokov

Block failures

Opadavanie Glomkov

Raveling

Smykové porusenie
malého rozsahu

Shallow shear failure

Smykové porusenie
- hiboky zlom

Deep shear failures

Slaking/ softening

Napucéavanie

Swelling

Crown instability due
to low cover

* Modifikované podla Austrian Society for Geomechanics, 2004.
* Modified from Austrian Society for Geomechanics, 2004.

Geotechnical Design

In order to address the NATM support selection criteria based on
ground behaviors and also accommodate the typical U.S. practice of
using ground conditions, the design defined ground classes, which
are groups of RMTs having similar predominant behaviors in an
unsupported opening (Thapa et al. 2007). Seven behaviors were
defined in terms of failure modes and manifestations, as summari-
zed in Table 1 and depicted on Fig. 2. Support categories consisting
of a set of excavation and support requirements were developed for
each ground class on a one-to-one basis.

Support Requirements

A prescriptive approach to the specification of the excavation and
initial support requirements was adopted to implement NATM con-
struction of the 4th Bore. Excavation and support requirements for
each support category include overall excavation and construction




Tab. 2 Vystrojovacie triedy (VT)
Table 2 Summary of support categories (SC)

VT Max. dizka zéberu

SC  Max. Advance Length

| 1,8m

n1m

Ochranny déazdnik

Pre-support
[

None

SCIIA: [-]
SC IlIA: none
SC IIB: ihly
SC IIB: spiles

ihly
Spiles

injektované dazdniky

Pipe canopy

Geotechnicky navrh

V zaujme zapracovania tak eurépskeho, aj amerického pristupu
k NRTM projekt definuje horninové triedy, ktoré si zoskupenim
RMT, majicich podobny prevlddajici typ sprdvania sa nezabez-
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Zabezpecenie ¢ela vyrubu Hribka striekaného beténu  Rozstup kotviacich prvkov ~ Spodné klenba

Face Support Shotcrete Thickness Dowel Spacing, Invert Arch

kotvy na zabezpecenie &elby, vystuzeny striekany betén 20 cm 1,8m [

podla potreby

SC IA: face dowels, sealing fiber reinforced shotcrete (FRS) 20cm 1.8m None

as required

systematické zabezpecenie ¢elby pomocou kotvenia,

vystuzeny striekany betén

SC IB: systematic face dowels/sealing FRS

kotvy na zabezpecenie Celby; vystuzeny striekany betén 25cm 1,5m [

alebo oporné jadro

Face dowels; sealing FRS or sloping core; sealing FRS 25cm 1.5m None

vystuzeny striekany beton alebo oporné jadro 30 cm 12m SC IlIB: kalota, stupef

Sloping core/sealing FRS 30cm 1.2m SC I1IB: top heading
and bench

vystuzeny striekany beton alebo oporné jadro 30 cm [ kalota, stuper

Sloping core/sealing FRS 30cm None Top heading and bench

sequence, restrictions on advance lengths, drift dimensions, arran-

STANDARDNE VYSTROJENIE - KRITERIA NA UPLATNOVANIE
STANDARD SUPPORT APPLICATION CRITERIA

Horninova  Vystrojovacia Prevladajuci typ horninového masivu a GSI popis
Predominant Rock Mass Types and GSI Description

trieda
Ground
Class

2b

Trieda
Support
Category

1B

Tsp

Tss-1

Tes-2

Te-1

Tc-2

Te-3

Tc-4a

Tc-4b

Tor-3

Blokovita/Porusené/Vrstevnata horninova Struktura so slabym az
dobrym zazubenim povrchu deliacich ploch.
Blocky/Disturbed/Seamy Rock Mass Structure and Poor

to Fair Discontinuity Surface Conditions

Blokovité/Porusend/Vrstevnata az velmi blokovité horninova
Struktdra so slabym az dobrym zazubenim povrchu deliacich ploch.
Blocky/Disturbed/Seamy to Very Blocky Rock Mass

Structure and Poor to Fair Discontinuity Surface Conditions

Blokovité/Porusené/Vrstevnaté az velmi blokovita horninova Struktira
so slabym zazubenim povrchu deliacich pléch.
Blocky/Disturbed/Seamy to Very Blocky Rock Mass Structure

and Fair Discontinuity Surface Conditions

Velmi blokovita horninova Struktira so slabym zazubenim povrchu
deliacich ploch.

Very Blocky Rock Mass Structure and Fair Discontinuity

Surface Conditions

Blokovité/Porusend/Vrstevnata horninova Struktira so slabym
zazubenim povrchu deliacich ploch.

Blocky/Disturbed/Seamy Rock Mass Structure and Fair
Discontinuity Surface Conditions

Velmi blokovita horninova Struktira so slabym zazubenim povrchu
deliacich ploch. / Very Blocky Rock Mass Structure and Fair
Discontinuity Surface Conditions

Rozpadnuté Blokovita/Porusena/Vrstevnata Vrstevnaté horninova
Struktdra so slabym zazubenim povrchu deliacich ploch.
Disintegrated to Blocky/ Disturbed/Seamy Rock Mass Structure
and Fair Discontinuity Surface Conditions

Rozpadnuta Blokovita/Porusena/Vrstevnata horninova Struktira
50 slabym zazubenim povrchu deliacich ploch.

Disintegrated to Blocky/ Disturbed/Seamy Rock Mass Structure
and Fair Discontinuity Surface Conditions

Blokovita/Porusena/Vrstevnata horninova Struktira so slabym
az dobrym zazubenim povrchu deliacich ploch.
Blocky/Disturbed/Seamy Rock Mass Structure and Poor to
Fair Discontinuity Surface Conditions

Obr. 5 Priklad vyberu vystrojovacej triedy
Fig. 5 Example of support category selection criteria

gement and dimensions of support elements, as well as alternative
schemes where applicable (Fig.s 3a, 3b and 3c). The construction
sequence consists of a top heading, bench and invert excavation

Skutoéné alebo predpokladané spravanie sa horninového masivu
Observed or Anticipated behavior

Prevladajice Druhotné
Predominant Secondary
Spravanie sa horninového - Drobenie

masivu charakterizované
hlavne gravitaénym vyklznutim
blokov zo Struktiry horninového
masfvu

Predominant Ground Behavior
Consists of: Discontinuity

- Controlled Block Failures

- Smykové porusenie
malého rozsahu

- Opadavanie Ulomkov

- Méknutie

- Napucavanie

Secondary Behaviors

Include:

- Raveling

- Shallow

- Shear Failure

- Slaking

- Softening

- Swelling
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DODATOCNE VYSTROJENIE - KRITERIA NA UPLATNOVANIE A OPATRENIA POTREBNE NUDZOVE OPATRENIA
ADDITIONAL SUPPORT - APPLICATION CRITERIA AND MEASURES CONTINGENCY MEASURES REQUIRED

DEFORMACIA DODATOCNE VYSTROJENIE ~ SKUTOCNE PODMIENKY DODATOCNE VYSTROJENIE  KRITICKY STAV SKUTOCNE PODMIENKY
ZODPOVEDAJUCE ZODPOVEDAJUCE HORNINOVEHO MASIVU ZODPOVEDAJUCE

VAROVNEMU STAVU VAROVNEMU STAVU APREDPOKLADANE ~ SKUTOCNYM

A SKUTOCNEMU SPRAVANIU A SKUTOCNEMU SPRAVANIE SA HORNINOVEHO ~ PODMIENKAM

SA VYSTROJOVACICH SPRAVANIU SA MASIVU VYZADUJUCE

PRVKOV VYSTROJOVACICH PRVKOV  DODATOCNE VYSTROJENIE

Radialna deformécia: 50 mm  Dodatocné kotvy s rychlo Rozpadnuté horninova Injektované ihly Radialna deformacia: ~ Trhliny s odstupom

Trhliny v strickanom beténe  tuhndcou cementovou Struktura so slabym a priestorové 70 mm vacsim ako 3 mm alebo
zélievkou zazubenim deliacich ploch priehradové nosniky s otvorenim vacsim
podla potreby (dlzky 4 m) ako 1,5 mm
Pouzit dodatoénu vrstvu Spravanie sa horninového pozorovatelné

striekaného betdnu s roz- v strieckanom beténe
ptylenou vystuzou (hr=51 mm)
Deliace plochy vytvaraju
nestabilné bloky v Cele tunela
(Pouzit Vystrojovaciu
triedu I1B Alternativu 1)

masivu: Drobenie (rychle)

Lokalne pouzit
sklolaminatové kotvy

(25 Dia, 6 m) a striekany
beton s rozptylenou vystuzou
v ¢ele vyrubu (hr=51 mm)
Spravanie sa horninového podla potreby
masivu: gravitatné vyklznutie

DISPLACEMENT
WARNING LEVEL

AND OBSERVATIONS OF
SUPPORT
PERFORMANCE

Radial Displacement:
50 mm cracks
in shotcrete

ADDITIONAL SUPPORT
FOR WARNING LEVEL
AND OBSERVATIONS OF
SUPPORT
PERFORMANCE

Additional Fast Setting
Cement Grouted
Rock Dowels

Apply Additional FRS
(T=51) to Initial Lining

blokov zo Strukttry
horninového masivu

V Casti jadra sa prejavi
drobenie/Smykové porusenie
malého rozsahu

(Pouzit Vlystrojovaciu

triedu 1IB Alternativu 1)

OBSERVED LOCAL ROCK
MASS CONDITIONS

AND ANTICIPATED
BEHAVIORS REQUIRING
ADDITIONAL SUPPORT

Disintegrated Rock Mass
with Poor Interlocking

Behaviors: Raveling (Fast)

Discontinuities form
Unstable Block at Tunnel
Face (Applies to Support
Category |IB Alternative 1)

Behaviors: Discontinuity
Controlled Block Falures

Portions of Sloping Core
Exhibits Raveling/Shallow
Shear Failure Behaviors
(Applies to Support Category

Pouzit striekany beton s roz-
ptylenou vystuzou (hr=51 mm)
a sklolaminatové kotvy

(25 Dia, 6 m) v jadre vyrubu
podla potreby

ADDITIONAL SUPPORT
FOR OBSERVED
CONDITIONS

4000 Lg Grouted Spiles
and Lattice Girders
as Required

Apply Local Fiberglass
Face Dowels (25 Dia,
6000 mm) and FRS (T=51)
to Face as Required

Apply Frs (T=51) and
Fiberglass Face Dowels

(25 Dia, 6000 mm) to Sloping
Core as Required,

Radial displacement:

OBSERVED
CONDITIONS

Cracks with offset greater

than 3 mm, or with an
opening greater than
1.5 mm appear

in shotcrete

IIB Alternative 1)

Obr. 6 Priklad kritérii na pouZitie dodatocnych vystrojovacich prvkov
Fig. 6 Example of additional support application criteria

pec¢eného vyrubu (Thapa et al. 2007). Sedem typov prejavov
(spravania sa) bolo definovanych z hladiska druhov porusSenia
(tab. 1 a obr. 2). Pre kazdd geologickd triedu bola navrhnutd
vystrojovacia trieda.

Poziadavky na vystrojenie

Pocas projekcnej fazy pre Stvrtd tunelovi rdru Caldecott bolo
potrebné vypracovat’ podrobné S$pecifikacie na razenie
a vystrojenie vyrubu. Poziadavky na vystrojenie pre kazdu
vystrojovaciu triedu zahffiaji celkovy postup razenia, obmedze-
nie dlzky zdberu, rozmery vyrubu, rozmiestnenie a rozmery
vystrojovacich prvkov, pripadne alternativne systémy (obr. 3a, 3b
a 3c). Celkovy vyrub je rozdeleny na kalotu, lavicu a dno vyru-
bu. KonsStrukénymi prvkami primarneho ostenia sd striekany
betén s rozptylenou ocelovou vystuzZou, svorniky s cementovou
zélievkou, samozavitavacie svorniky, priestorové priehradové
nosniky, spodnd klenba, cementované ihly, samozavitavacie ihly,
injektované ddzdniky, a oporné jadro Cela.

sequence. The design of the support system includes the following
measures: fiber-reinforced shotcrete; drill and grout, as well as self-
drilling rock dowels; lattice girders; invert arch; drill and grout, as
well as self-drilling spiles, pipe canopy, face dowels, and a sloping
core for face support.

In keeping with general tunneling practice in the U.S., it was deci-
ded to minimize the number of support categories on the 4th Bore
to simplify the tunnel production operational requirements. The ini-
tial support design was organized into: (1) standard support consis-
ting of four major support categories and three subtypes, each
having a separate pay item; and (2) additional support elements on
a unit-price basis (including time-dependent costs such as impacts
on advance rates) to be used for local ground conditions/behaviors,
as required. Table 2 summarizes the key support elements for the
four major support categories, and Fig. 3 shows the arrangement of
support elements and support installation requirements for one of
the support categories.

Additional support measures are supplementary to the standard
support measures. These additional measures are required to address
observed or measured local ground conditions or behaviors. They
will be installed when measured convergence exceeds warning



V sulade so vSeobecnou tunelarskou praxou v USA a pre zjed-
nodusenie vystavby bolo rozhodnuté minimalizovat’ poCet vystro-
jovacich tried. Na vystrojenie vyrubu boli ur€ené Styri hlavné
vystrojovacie triedy s tromi podskupinami, pricom kazdd trieda
ma osobitni platobni polozku. Dalej sa $pecifikovali dodatocné
zaistovacie prvky, ktoré maji jednotkovy cenovy zaklad (vratane
¢asovo zavislych ndkladov s tc¢inkom na postup vystavby)
a pouzijui sa v pripade lokdlnych zmien vlastnosti horninového
masivu. Tabulka 2 zahfna hlavné vystrojovacie prvky pre Styri
hlavné vystrojovacie triedy a obr. 3 zndzornuje usporiadanie
vystrojovacej triedy a pozZiadavky na in§taldciu pre jednu
z vystrojovacich tried. )

Dodato¢né vystrojovacie prvky doplniajd hlavné vystrojovacie
triedy. Tieto dodato¢né opatrenia si potrebné pri zisteni miest-
nych odli$nosti geologickych podmienok, alebo zmene vlastnos-
ti horninového masivu. Dodato¢né vystrojovacie prvky budd
instalované v takom pripade, ked namerané konvergencie prekro-
¢ia varovny stav alebo v pripade, ak si spozorované Specifické
horninové podmienky definované v projektovej dokumentdcii.
Vykaz vymer dodatocnych vystrojovacich prvkov zahrnutych
v projektovej dokumentdcii je zaloZeny na posudeni zmien geo-
logickych pomerov s vyuzitim vysledkov prieskumu. Dodatocné
vystrojovacie prvky zahfnaji striekany betén s rozptylenou
vystuzou, svorniky, priestorové priehradové nosniky, spodnu
klenbu, ihly a dno.

Névrh vystrojovacich tried bol zaloZeny na numerickych vypo-
¢toch pre typické rezy pozdlZz trasy. MoZné varidcie v roz-
miestneni a rozsahu vystrojovacich tried, pripadne zmeny
v postupnosti vystavby (obr. 4) su jasne uvedené vo vykresovej
Casti projektovej dokumentdcie a v zdkladnej geotechnickej spra-
ve (GBR) tak, aby bolo zrejmé, Ze dosledok tychto zmien pocas
vystavby musi byt zohladneny v ponuke. V sitaznych podkla-
doch bolo dalej stanovené predpokladané celkové mnoZstvo
vystrojovacich tried a pocet zmien medzi jednotlivymi triedami.
Ustanovenie ,,Rozdiely v mnozstve“ zahrnuté v podrobnych Spe-
cifikdcidch umoznuje prerokovanie jednotkovej sadzby vystrojo-
vacich tried v pripade, Ze sa vykaz vymer liSi o viac nez 25 %,
alebo bezny meter pre polozky s nizkym mnoZstvom.

Kritéria pre vyber vystrojovacej triedy

Definicia kazdej horninovej triedy, ktord je klticovym prvkom
pri vybere vystrojovacej triedy, boli vytvorené v stlade
s terminoldgiou U.S. Bureau of Reclamation (USBR, 1998)
a Geological Strength Index (Marinos et al. 2005).
Charakteristiky horninového masivu si zhrnuté vo vykresovej
Casti projektovej dokumentdcie (obr. 5) s pouzitim GSI systému.
Opis horninového masivu je dalej rozireny v GBR s pouZitim
terminolégie USBR. Definicie sprdvania sa horninového masivu
boli pouzité ako je uvedené v tabulke 1 a na obr. 2. GBR objas-
nuje, ktoré spravanie bude priamo pozorovatelné a ktoré nie, ako
aj vzajomny vztah medzi spravanim sa horninového masivu
a vystrojovacimi prvkami potrebnymi na kontrolu prislu§ného
spravania. Kritérid pre pouZzitie dodato¢nych vystrojovacich prv-
kov boli definované vo vykresovej casti projektovej dokumenta-
cie na zdklade lokdlnych zmien geologickych pomerov
a sprdvania, vratane varovného a kritického stavu konvergencif
tunela (obr. 6).

Ulohy a zodpovednost

Ulohy a zodpovednost za monitorovanie tunela, vyber vystrojo-
vacich tried a vystrojovacich prvkov sa podrobne uvadzaju
v technickych $pecifikdcidch. Zhotovitel' je povinny zhromaZdo-
vat’ monitorovacie tdaje do 6 hodin po instaldcii v poslednom
zdabere, a poskytnit ddaje a interpretdciu nameranych dat staveb-
nému dozoru do 12 a 24 hodin po odé&itani. Ulohou stavebného
dozoru je zhodnotit informécie poskytnuté zhotovitefTom
a nezavisle posudit’ pozadované vystrojenie vyrubu. Zhotovitel
a stavebny dozor spracuji nezdvislé postdenie na zdklade mapo-
vania Cela vyrubu, prieskumnych vrtov, pozorovania a hodnotenia
sprdvania horninového masivu a idajov z monitorovacich bodov.
Na dennom rokovani (alebo CastejSie podla potreby) medzi zhoto-
vitelom a stavebnym dozorom sa rozhodne o dal§om postupe raze-
nia a zaistenia vyrubu. Postup a vystrojenie navrhuje zhotovitel.
Stavebny dozor rozhodnutie schvali.

Obr. 7 Zdpadny portdl
Fig. 7 West Portal

levels or when specific ground conditions or support system beha-
viors are observed, as defined in the contract documents. Estimated
quantities of additional support measures included in the contract
are based on an assessment of variations in ground conditions
expected using the results of the site investigation program.
Additional support elements include spiling, rock dowels, shotcrete,
lattice girders, and an invert arch.

The design for the support categories was based on numerical cal-
culations of typical sections along the alignment. The possible vari-
ation of support category application location, extent, and sequence
from the design prognosis (Fig. 4) is clearly stated on the contract
drawings and Geotechnical Baseline Report (GBR) so as to clarify
that the construction impact of such variations must be accounted
for in the bids. The total quantities of support categories and the
number of changes between support categories to be used for bid-
ding purposes were stated in the contract documents. The “Variation
In Quantities” Clause of the specifications allows for renegotiation
of unit rates of support category payment should the bid quantities
vary by more than 25%, or by a lineal meter threshold for items with
a low estimated quantity.

Support Selection Criteria

The definitions for each ground class, which are a key element of
the support category selection criteria, were developed using consi-
stent terminology based on the U.S. Bureau of Reclamation
(USBR,1998) and Geological Strength Index (Marinos et al. 2005).
Rock mass descriptions are summarized in the plans (see Fig. 5)
using the Geological Strength Index system and expanded upon in
the GBR using the USBR terminology. Ground class behaviors also
were defined consistently using the definitions shown in Table 1 and
Fig. 2. Expanded discussions of behaviors in the GBR clarify which
behaviors will be directly observable and which ones will not, the
locations and special conditions associated with specific behaviors,
and the relations between ground behaviors and support elements
required to control the behaviors. Criteria for application of additi-
onal support measures were defined in the plans in terms of local
ground conditions and behaviors, including warning and alarm
levels of tunnel convergence (Fig. 6).

Roles and Responsibilities

The roles and responsibilities for monitoring of the tunnel perfor-
mance and support selection are detailed in the technical specifica-
tions. The contractor is required to collect monitoring bolt data wit-
hin 6 hours after installation in the last excavation round, and pro-
vide data and interpretations to the engineer within 12 and 24 hours,
respectively, after taking readings. The engineer’s role is to evalua-
te the information provided by the contractor in making independent
assessments of support requirements. The contractor and engineer
are to make independent assessments of support requirements and
performance based on mapping of exposed excavation surfaces,
probe drilling results, observations, and evaluations of ground beha-
vior and the monitoring data. Daily meetings (or more as required)
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ZAVER

Pri spracovani projektovej dokumentdcie pre tunel Caldecott
urcité aspekty z praxe pri budovani tunelov pomocou NRTM
v Eurépe boli upravené tak, aby vyhovovali tunelovacej praxi
v USA. Eurépske principy ndvrhu NRTM zaloZeného na sprdva-
ni sa horninového masivu boli integrované s tradi¢ne pouZiva-
nym kritériom vlastnosti hornin, pouZivanym na definovanie zai-
stenia vyrubu v USA. Podklady pre verejni sitaz obsahovali
podrobny ndvrh vrdtane detailnych kritérif a procesu na rozhodo-
vanie pocas vystavby, pri zachovan{ flexibility NRTM (overova-
nie ndvrhu a dprav primarneho ostenia na zdklade pozorovani
vykonanych v priebehu vystavby). Kone¢ny projekt je v rov-
novahe medzi jednoduchostou zmluvy a minimalizdciou poctu
hlavnych vystrojovacich tried a ich podtypov s vyuzZitim doda-
to¢nych podpornych opatreni.

Kontrakt na vystavbu Stvrtej tunelovej rury Caldecott ziskala
v novembri 2009 spolo¢nost Tutor-Saliba Corporation.
V sucasnosti prebieha vystavba tunelovych portdlov (obr. 7)
a otvorenie prevadzky tunela je napldnované na leto v roku 2013.
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ASPEKTY MEDZINARODNEHO RIADENIA PROJEKTOV
PREDLZENIE TRASY METRA V SOFII
ASPECT OF INTERNATIONAL CONSTRUCTION MANAGEMENT
SOFIA METRO EXTENSION PROJECT

SHIGERU KATSUI, TOSHIHIKO AOKI, HIROMITSU TADA, PAVEL ZUZULA

uvob

Hlavné mesto Bulharska Sofia s populdciou viac ako 1,5 miliéna je
najrychlejsie sa rozvijajicim regiénom krajiny. Napriek tomu siet hro-
madnej dopravy je v nevyhovujicom stave. V stiCasnosti st najpouziva-
nejS§im dopravnym prostriedkom osobné auta. Tie samozrejme spdso-
buji rozsiahle dopravné zdpchy a produkuji velké mnozstvo vyfuko-
vych splodin. Ako rieSenie tohto problému magistrat mesta Sofia vypra-
coval plan vystavby podzemného hromadného systému prepravy osob.
Histdria sofijského metra siaha do roku 1972. Prace na prvej linke metra
zaCali v roku 1982 a v roku 1997 bola dokoncend jej prvé Cast’so sied-
mimi stanicami. Nasledne, v roku 2004, odstartoval projekt predlZenia
uvedenej linky spolo¢nostou Taisei Corporation, ktory nadvidzoval na
projekt realizovany domdcimi zhotovitelmi. V roku 2009 pribudlo na
predlZenej Casti linky Sest’ novych stanic. V rovnakom case magistrat
mesta Sofia zacal vystavbu druhej linky, ktord je kolm4 na prvu. Takéto
rozsiahle investiéné projekty nie je mozné financovat' len priamo
stava nevyhnutnostou. Na projekt PredlZenie metra v Sofii bola poskyt-
nutd pdzicka (v objeme 100 %, bez spolufinancovania) Japonskou ban-
kou pre medzindrodnu spolupricu, oficidlnou developerskou asistenc-
nou pdzickou (JBIC ODA loan) neskor transformovanou do Japonskej
medzindrodnej spolupracujicej agenttry (JICA).

Autori tohto ¢ldnku sa zameriavaji na technické a manaZzérske
otdzky a problémy napojenia na stanicu metra Serdika, ktoré bolo
realizované v ndro¢nych podmienkach centra mesta Sofia s apli-
kaciou komplexnej metddy podchytdvania konstrukeii.

CHARAKTERISTIKA PROJEKTU

Projekt PrediZenie metra v Sofii bol zacaty v novembri 2004. Na
jeho realizaciu ako zhotovitel bola vybrand japonska stavebna spo-
lo¢nost Taisei Corporation. Obstaravatel bol zastipeny spolo¢nostou
Metropolitan EOOD, ktord je zdroven prevadzkovatelfom sofijského
metra. Ako nezdvisly dozor bolo vybraté medzindrodné konzultant-
ské konzorcium PADECO PCI JV. Zmluvne bol projekt rieSeny
podIa Zltej knihy FIDIC edicia 1999, Zmluvné podmienky pre stav-
bu, projekt — realizécia.

PredlZenie metra v Sofii je pokraCovanim prvej (Cervenej) linky
a pozostdva z podzemnej Casti od stanice metra Serdika (MS 7) po
bulvér Dragan Tzankov priblizne 200 m za stanicou metra ¢. 9. T4to
sekcia je dlhd asi 2,5 km a zahfna tieto stavebné préce:

— dve stanice metra: Sv. Kliment Ohridski (MS 8) a Stadién Vasil

Levski (MS 9),

— Startovaciu Sachtu: prilahld k MS 9 pre zacatie razenia TBM
strojom,

—rotacnud Sachtu: v blizkosti existujicej stanice Serdika (MS 7)
postavenu pre otocenie TBM stroja,

— dve ventila¢né Sachty: zahfniajice prie¢ne prepojenia tunelovych
rir: VS 7-8 a VS 8-9, umiestnené presne v strede tunelovych
sekcif medzi stanicami, sliZiace na ventildciu a Cerpanie vody,

— dve samostatné tunelové riry: technoldgia razenia TBM (zemi-
novy Stit), v rozsahu (Startovacia Sachta) pri MS 9-MS 8 v dlzke
620 m a MS 8-MS 7 (rotatnd Sachta) v dlzke 1115 m; celkovd
dlZka razenia TBM strojom ¢inf 3470 m, .

— pripdja¢ Dragan Tzankov: rekonStrukcia a predlZenie existujtice-
ho elektrickového tunela, realizované podla zdsad NRTM (prie-
rez cca 65 m?) v dizke 200 m od MS 9 smerom k dal§iemu
projektu,

INTRODUCTION

The capital city of Bulgaria - Sofia, with a population above
1,5 Million citizens is the fastest developing region in the whole
country. Nevertheless the public transportation network is in
a terrible condition. Nowadays, personal vehicles are the most
popular way of transportation, however, this causes a lot of traf-
fic and exhaust gases/pollution to create. As a solution, the
Municipality of Sofia has established a plan for the building of
a mass underground transportation system. The history of
Sofia's metro starts in the year 1972. The actual works on the
first metro diameter started in 1982 and in 1997 the part that
consists of seven underground stations was completed.
Subsequently, in 2004 the project for the extension of the men-
tioned line was launched by Taisei Corporation, followed by
a project constructed by a local construction company. In the
year 2009 the extended part already had 6 new stations comple-
ted. At the same time the Municipality of Sofia started the con-
struction of a second diameter, perpendicular on the first one.
Such a huge investment can't be carried out only by public
resources, therefore loans from the international bank were uti-
lized. For the Sofia Metro Extension project the loan (100 %,
no co financing) was granted by the Japanese Bank for
International Cooperation of Japan, Official Development
Assistance Loan (JBIC ODA Loan) later transformed to Japan
International Cooperation Agency (JICA).

The authors of the article are focusing on the technical and
management features/difficulties of the connection Metro Station
Serdica, which was executed in the harsh conditions of the Sofia
city center, utilizing complex underpinning method.

OUTLINE OF THE PROJECT

Sofia Metro Extension project was commenced in November
2004, as a contractor was chosen to be a Japanese construction
company- Taisei Corporation. The client was represented by
Metropolitan EOOD, which is Sofia's metropolitan metro operator.
The independent supervision was assigned to the international con-
sultant consortium PADECO PCI JV. The project was governed by
the Yellow book of the FIDIC 1999, “Conditions of Contract for
Plant and Design-Build”.

The Sofia Metro Extension project embraces/ covers the
underground section from Serdica (MS 7) to Dragan Tsankov bou-
levard app. 200 m after (MS 9) forming a part of the red line. This
section is approximately 2,5 km long and consists of the following
civil engineering works:

— two metro stations: Sv. Kliment Ohridski (MS 8) and Vasil
Levski Stadium (MS 9),

— a departure shaft in adjacency of the MS 9 for the departure of
the TBM machine,

— a rotation shaft near the existing Serdika (MS 7) utilized for
rotation of the TBM machine,

— two ventilation shafts including cross-passages connecting the
tunnels: VS 7-8 and VS 8-9, placed in the middle of the tun-
nels mutually connecting the Metro Station serving for venti-
lation and drainage of the tunnels,

— construction of two single tunnels: tunnels were driven by
TBM technology (EPB shield machine) from (Starting shaft)
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Obr. 1 Situdcia staveniska
Fig. 1 Layout of construction area

— napojenie na stanicu metra Serdika (MS 7): sekcia v dizke 80 m
od rotacnej Sachty smerom k existujuicej stanici Serdika, zahna-
juca dva samostatné tunelové boxy realizované scasti technold-
giou otvoreného vykopu scasti metéddou podchytdvania
a nakoniec scasti aj razené podla zdsad NRTM.

Technologické a architektonické prace boli zastipené prdcami na
pevnej jazdnej drdhe, architektonickymi prdcami na staniciach
a komplexnym technologickym vybavenim.

Povodny harmonogram vystavby predpokladal zaciatok préac
v novembri 2004 a ukoncenie prdc v novembri 2007. Z dovodu
nepredpokladanych prekdzok bol prvy milhik projektu (sprevadzko-
vanie zdpadnej tunelovej riry a stanice MS 9) dosiahnuty v mdji
2009 a ukoncenie druhého milhika (sprevadzkovanie celého projek-
tu) bolo dosiahnuté v septembri 2009.

POCIATOCNE PODMIENKY — ZMENA PLANU REALIZACIE

Dva tunelové boxy (diika 80 m, Sirka 5 m, vyska 5,6 m) mali byt
zrealizované pod podzemnym ndkupnym centrom medzi rotacnou
Sachtou a existujicou stanicou metra MS 7. V tejto Casti sa nachdd-
za hlavna trieda Maria Luiza, ktord prechddza ponad podzemné
ndkupné centrum v pravom uhle na tunelové boxy. Tato trieda je jed-
nou z hlavnych dopravnych tepien centra mesta s intenzivnou pre-
mavkou osobnych dut a taktiez elektriciek (obr. 1). Z tohto dovodu
nebolo mozné tiito triedu uzatvorit na nevyhnutne dlhy ¢as, potrebny
na vystavbu tunelovych boxov. Preto bolo nevyhnutné ndjst efektiv-
nu metédu, ktord by neobmedzila dopravu a zdroven zabezpelila
nevyhnutnd bezpecnost obyvatelov. Metéda podchytdvania stavieb
splnala vySSie spominané predpoklady. Stlpy a zdklady podzemného
ndkupného centra boli podchytené systémom ocelovych konstrukcif
a hydraulickych zdvihdkov v zdujme bezpecCnej realizdcie vykopo-
vych a ostatnych stavebnych prac pod ndkupnym centrom.

Nasledujica cast’ ¢lanku uvddza postupnost’ podchytdvania
a spdsob riadenia hydraulickych zdvihdkov tak, aby sa minimalizo-
vali deformdacie konStrukcii.

Zakladné projektové rieSenie spojenia rotacnej Sachty (podla tend-
rovej dokumentdcie sa nachddzala vo vnutri zbiraného podchodu) na
otoCenie TBM stroja s existujicou stanicou (stanica metra
v prevddzke) bolo rieSené ¢iastocnym zburanim podzemného nakup-
ného centra a vybudovanim tunelov v otvorenom vykope v tej Casti,

at MS 9 ~ MS8 in length 620 m and then from MS8 ~ MS7
(Rotation shaft) in length 1 115 m and back; total length 3
470 m utilized by TBM,

— Dragan Tzankov connector: reconstruction and extension of
existing two line tram tunnel, utilizing NATM excavation
(cross section app 65 m2) in length 200 m from MS 9 towards
the other project construction,

— connection to Serdica station (MS 7): section in length of 80 m
from Rotation shaft to the existing Serdika station (MS 7), two
single tunnel boxes partially excavated with cut & cover tech-
nology, partially by utilizing of underpinning method and
finally using rules of NATM excavation.

M&E and Architectural Works were represented by Slab Track

works, Architectural works and M&E works.

The originally planned construction schedule started from
November 2004 and finished by November 2007, but due to vari-
ous unforeseeable obstructions the completion of the first milesto-
ne (operation of the west tunnel tube and MS 9) was achieved in
May 2009 and the completion of the second milestone (whole pro-
ject scope) was finished in September 2009.

PRIMARY CONDITIONS - CHANGE OF CONSTRUCTION
PLAN

Two lines of box tunnel (Length 80 m, Width 5,0 m, Height 5,6 m)
had to be constructed under the underground shopping center bet-
ween the rotation shaft for TBM and the existing metro station
MS7. There is a main street called "Maria Luiza" over the underg-
round shopping center crossing at right angles with the box tunne-
Is, which has a lot of traffic and a tram for public use (Figure 1).
Since the main street "Maria Luiza" was indispensable for citizen's
daily life, it was not permitted to close the street for a long term for
the construction of the box tunnels, and also it was very necessary
to adopt the particular effective method not to affect the traffic on
the street and to protect the safety of citizens. Conclusion was rea-
ched that “Underpinning” method was optimal to fulfill the above
requirements. Columns and wall foundations of the underground
shopping center were underpinned by usage of metal structures
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Obr. 2 Situdcia zdkladov podzemného ndkupného centra
Fig. 2 Layout of foundation of the shopping center

kde bola zbidrand konstrukcia. Zdroven v nezbtranej asti bolo poci-
tané s vyuzitim metddy podchytdvania konstrukcif.

Z dovodu legislativnych zmien, ktoré obsahovali novi smernicu
pre navrhovanie budov v seizmickych oblastiach, bolo potrebné celd
konstrukciu podzemného ndkupného centra zburat (nielen Cast
potrebnu pre rota¢nd Sachtu) a vybudovat’ znovu, uz s ohladom na
spominand novd smernicu. Tak ¢i onak, tento fakt by mal zdsadny
vplyv na harmonogram vystavby a tieZ na cenu diela. Po zohladnen{
tychto dovodov bol prvotny pldn revidovany a rotand Sachta bola
posunutd priblizne 20 m mimo z6ény podzemného ndkupného centra
v smere k stanici 8. Na zdklade tejto revizie planu mali byt tunelové
boxy vybudované popod celé podzemné centrum s pouZitim metddy
podchytavania konstrukcii v celom rozsahu.

Pocas realizdcie prieskumnych prdc na konStrukcii podzemného
ndkupného centra sa zistilo, Ze tdto konStrukcia nie je vo vyhovuji-
com statickom stave a v pripade podchytdvania celej konstrukcie by
bolo bezpecnostné riziko prac nednosné. Preto sa rozhodlo, Ze naje-
fektivnejSou cestou bude zburat’ ¢ast podchodu a ponechand bude len
ta Cast), nad ktorou sa nachddza hlavnd trieda Maria Luiza.

Po mnozstve rokovani s investorom bol vypracovany findlny pldn
vystavby, ktory zohladnoval harmonogram vystavby a cenu prdc.
Konstrukcia podzemného ndkupného centra bola CiastoCne zbtirand,
tunelové boxy boli vybudované z rotacnej Sachty v dlzke 80 m do
stanice Serdika (40 m v otvorenom vykope, 40 m metédou podchy-
tdvania konStrukcif) a nakoniec konstrukcia podzemného ndkupného
centra bola znovu vybudovand podla dodato¢nych poziadaviek
investora (celkova plocha bola zvicSend).

NAVRH TECHNICKEHO RIESENIA

Technické rieSenie takejto komplikovanej stavby bolo vypracova-
né projekénym oddelenim spolocnosti Taisei Corporation v Tokiu.

Obr. 3 Podchytdvanie (zdkladovd piitka ¢. 10,
Fig. 3 Underpinning (Foundation No. 10)

and jack-systems, so that the excavation works and structure works
could be carried out under the shopping center.

The technical sequence for "Underpinning" and how to control
the jack-systems to avoid the settlement of the surface are descri-
bed mainly here.

The initial idea for connection of Rotation shaft (original tender
location inside the area of demolished subway) to rotation of TBM
machine with the existing station (station in operation) considered
partial demolishing of the Subway structure and construction of
Cut & cover tunnel in the area of a demolished structure, at the
same time in the no-demolished subway the underpinning method
should have been utilized.

Due to change in the legislation condition, new design code for
designing of building in the earthquake zone was accepted. Based
on this fact, all the subway structure (not only required area for
Rotation shaft) had to be demolished and constructed again based
on the new design code. However, this would have major impact
on the construction schedule and on the construction costs as well.
Because of this reason the original plan was revised and Rotation
shaft was shifted app 20 m out of the area of Subway structure in
the green area towards MS 8. Based on the revised construction
plan the connection had to be made as a two tunnel boxes using
underpinning method under the whole area of Subway structure.

Meanwhile, it turned out that the existing structure was decrepit
than expected after the investigation for the existing structure by
the expert in old structure, and also it was indicated that since it
poses many safety risks if the whole structure is underpinned, it is
effectual to demolish the part of structures except

100% 15min

90%
80%

60%

Vnesenie napatia 100 %
Preloading load 100 %

Vnesenie Po 15 mindtach, koniec merania the area under the Maria Luiza.
gapla“?i' After 15 min, the measurements finish After negotiation with the client the final con-
reloading

struction plan was elaborated considering time of
construction and construction cost. The Subway
structure was partially demolished, tunnel boxes
were constructed from the Rotation shaft in the
length 80 m to Serdica station (40 m as cut & cover
tunnels, 40 using underpinning method under the
Subway structure) and finally the Subway structure

#%V priebehu vné$ania napétia, ak sa konét-
rukcia zdvihne eSte pred dosiahnutim 100
%, povazuje sa vnasanie za ukonéené.
During the preloading, if the structure uplifts
before the preloading load reaches 100%, to
be considered finished

40%

was restored as by requirement of the client (exten-
sion of the structure).

TECHNICAL/DESIGN SOLUTION

Technical solution for such complicated construc-
tion work was elaborated by the Design section of

0%

Taisei Corporation in Tokyo. For the design calcula-

Cas /Time tion the experience with similar projects in Japan

was adopted. In order to follow the Bulgarian legis-

Obr. 4 Aktivovanie vzperu
Fig. 4 Preloading procedure

lation the local designer was assigned to adopt the
Japanese concept.
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Tab. 1 Projektové zataZenie
Table 1 Design load

Tuel

Zaklad Vlastné zatazenie konstrukcie )
a dynamické zatazenie (A) Vlastné zatazenie stlp - pétka (B) Spolu A+B Vzperna sila
Item Loading from top (A) Deadweight of column - foundation (B) Total A+B Preloading load
KN/stip KN/zdvihak KN/stlp KN/zdvihak KN/zdvihak KN/zdvihak
KN/column KN/jack KN/column KN/jack KN/jack KN/jack
FD 3 1194.56 298.64 246.06 61.52 360.16 307.95
FD 10 3424.37 856.09 218.52 54.63 910.72 624.89
ED 11 1445.08 361.27 145.71 36.43 397.70 334.75
718.45 359.23 517.93 458.35
FD 15 1447.59 723.80 634.80 158.70 882.50 762.46
718.45 359.23 429.88 370.30
FD 16 1216.90 608.45 282.60 70.65 679.10 575.77
Horna Cast spredu
Upper column front
Dolna éast zozadu
Lower column back

Na zostavenie nastavenia vypoctového modelu boli pouzité skise-
nosti z realizdcie podobnych stavieb v Japonsku. Kvéli potrebe
znalosti bulharskej legislativy bol osloveny miestny projektant, ktory
tento japonsky koncept zapracoval s ohladom na miestne projekéné
smernice.

Podchytavanie stlpovych zakladov (p4tiek)

Situdcia zdkladov pod stipmi, ktoré boli podchytené nad zdpadnou
rirou, je zndzornend na obr. 2. Nosnd konstrukcia podzemného
ndkupného centra je vybudovand ako Zelezobetonovy skelet tvoreny
stlpmi a prievlakmi, pricom stlpy st zaloZené na pitkach. Vlastné
zataZenie konstrukcie a dynamické zatazenie je prendsané do zakla-
dovej pddy pomocou zdkladovych pitiek z prostého beténu. Tieto
zatazenia boli presmerované pomocou metddy podchytavania konst-
rukcii formou ocelovej konstrukcie a hydraulickych zdvihakov
(obr. 3).

Postupnost’ podchytavania konstrukcif je takato:

— vybudovanie Zelezobeténovych paziacich pildt,

— zabeténovanie Zelezobeténovych stuZujicich vencov na hlavach

pilét a prie¢nych rdmov,

— osadenie ocelovych H nosnikov na Zelezobeténovych ramoch,

Tab. 2 Rozdelenie hydraulickych zdvihdkoy
Table 2 Adoption of Hydraulic jacks

Vzperna sila na hlave Maximalna sila
Zaklad stojky KN/ks hydraulického Pocet
bez dynamického zatazenia zdvihaka
FD3 307.95 1000 KN 2 ks
FD 10 624.89 1800 KN 4 ks
FD 11 334.75 1000 KN 4 ks
458.35 1000 KN 2 ks
FD 15 762.46 1800 KN 2 ks
370.30 1000 KN 2 ks
FD 16 575.77 1800 KN 2 ks
Horna Cast spredu
Dolna éast zozadu
Item Preload load Maximum hydraulic Number
KN/piece load of the jack
Excluding live load
FD 3 307.95 1000 KN 2pcs
FD 10 624.89 1800 KN 4pcs
FD 11 334.75 1000 KN 4pcs
458.35 1000 KN 2pcs
FD 15 762.46 1800 KN 2pcs
370.30 1000 KN 2pcs
FD 16 575.77 1800 KN 2pcs
Upper column front
Lower column back

Underpinning for Column foundations

Layout of column foundations to be underpinned on the west-
bound is shown in Figure 2.

The structure of the underground shopping center is constructed
by column-and-beam and the column foundation supports each one
end of the RC beams. The dead load of the structure itself and the
live load from the tram and cars on the surface, transmitting
through the beam, are supported by each column foundation. These
loads were transferred to the “Underpinning” system by use of the
metal structures and the jack-system (Figure 3).

The sequence of Underpinning work is as follows:

— Placing the earth retaining piles.

— Casting the RC united beams and strut beams.

— Setting the steel H beams on the RC beams.

— Installing the steel columns and jack-system.

— Jacking up (Preloading).

— Connecting the column foundation footing to the beams by use

of the chemical anchors and concrete.

— Excavation work under the foundation.

Preloading load was indicated as the dead load excluding the
live load (Table 1).

The capacities and distributions of hydraulic jacks are shown in
Table 2, which are adopted according to the design load shown in
Table.

The purpose of preloading is to transfer the whole load from the
column foundation to the metal structure beforehand. The sequen-
ce of preloading is as follows:

Give the pressure simultaneously to the particular jacks using
hydraulic pump and hydraulic hose.

When the preloading load reaches 100%, the locknuts of the
jacks are tightened and hydraulic pressure is released.

Preloading load is 100% of the design load (excluding the live
load, shown in Table 1), the load is given in stages by 40%, 60%,
80%, 90% and 100% (Figure 4).

If the structure is lifted up before the load reaches 100%, the pre-
loading is considered to be finished.

In order to prevent harmful stress and displacement on structure
during the work as well as proceed with the works safely the fol-
lowing measurement control was carried out. The schematic dia-
gram for measurement is shown in Figure 5.

Daily Measurement

The purpose of the overall measurement is to check on site the
data for the level of displacement of the existing structures measu-
red every day by level-surveying and confirm if the preloading
activities can proceed.
Preloading Measurement

The measurement is carried out for each foundation while prelo-

ading. Measurement items are follows:




Tab. 3 Kontrolné iirovne posunov
Table 3 Control Value for Displacement

Merané hodnoty Prva Druha kontrolna  Kriticka

kontrolna droven  Groveni  kontrolna droven
Vertikélny zdvih stipu a patky 10.0mm 16.0mm 20.0mm
Vertikalny posun piléty 10.0mm 16.0mm 20.0mm
Vzdialenost medzi prieviakom
a stlpom 10.0mm 16.0mm 20.0mm
Measurement item Primary Secondary Critical

control value control value  control value

Vertical displacement of column

and foundation 10.0mm 16.0mm 20.0mm
Vertical displacement of piles 10.0mm 16.0mm 20.0mm
The distance between the beam

and columns 10.0mm 16.0mm 20.0mm

— inStalovanie ocelovych stipov a systému zdvihdkov,

— rozopretie stojek hydraulickymi zdvihdkmi,

— spriahnutie zdkladovej pétky so systémom Zelezobeténovych

rdmov pomocou chemicky kotvenych svornikov a beténu,

— vykopové préce.

Predpitie vyvolané v podpernej konStrukcii pomocou hydraulic-
kych zdvihdkov bolo definované ako vlastna tiaz konStrukcie bez
dynamického zatazenia (tab. 1).

Maximadlna sila vzperu a rozdelenie hydraulickych zdvihdkov su
uvedené v tabulke 2.

Ucelom vyvolania vzpernej sily hydraulickymi zdvihdkmi
a ocelovymi stojkami je prenesenie zataZenia konStrukcie podzem-
ného ndkupného centra do pomocnej ocelovej konStrukcie

v predstihu pred vykopovymi pracami.
Postupnost’ vyvolania vzperného déinku
v podchytdvacej sustave je takdto:
— vyvolanie tlaku média v hydrau-
lickych zdvihdkoch aktivdciou hyd-
raulického Cerpadla;

Tab. 4 Projektové zataZenie

Table 4 Deign load
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— Uplift (settlement) of column and foundation.

— Settlement of the earth retaining piles.

— Distance between existing beam and column.

Measurement of loading value is carried out by reading the data
of preloading load indicated in pressure converter. Measurement of
displacement (settlement/uplift) is carried out by strain-typed dis-
placement gauge.

Control value for measurement of displacement is shown in
Table 3.

Even if the measured value exceeds the primary control value,
the work continues carefully while having monitoring in more fre-
quencies. If the measured value exceeds the secondary control
value, the work stops and the countermeasure against the over-dis-
placement is taken immediately.

Underpinning for wall foundations

The wall foundation of the shopping center was underpinned by
the H beams setting under the foundation at intervals of one meter
(Figure 6). The layout of the wall foundation is shown in Figure 2.
The wall foundation is combined with the column foundations No.
18 and No. 19.

In order to enhance the rigidity of the whole span of wall foun-
dation, the splint RC beams (Width 30 cm, Height 80 cm) were
constructed on the both sides of the wall foundation, which were
connected to the wall foundation integrally by the chemical
anchors (Figure 7).

In addition, since the supporting H beams double as the strut
beams of the earth retaining wall, the normal force acts upon the H
beams by the earth pressure along with the excavation under the
wall foundation, as well as the bending moment caused by the wall
foundation above. Therefore FEM analysis (Figure 8) gave the

—po dosiahnuti 100 % vypoctového gekcia Projektované Reakéna  Potet Uginné Vzpernéd Poznamka
tlaku sa zdmky zdvihdkov uzamknu zatazenie Sirka nosnikov  zatazenie * sila *
a privod tlakového média sa odpojf;
—hodnota vzpernej sily sa zvySuje (KN/m”) (m) (nosnik) (KN/nosnik) (KN/nosnk)
v postupnych krokoch 40 %, 60 %, . -~
80p%, 9% (}7]0 a7 100 % (obr. 4): Sekcia 1 _ 80 t zdvihak
_ v pripade, e je zaznamenany zdvih Hnosnﬂ(?.1,2 700 1.89 2 661.5 463.1 4 ks _
konitrukcie, zdvihanie sa pokladd H no§nﬂ< ¢.3~10 700 7.56 8 661.5 N/A. : Len podlozka
za ukondené. Sekcia 2 'fD 19 80 t zdvihak
Potas zvySovania tlaku v hydraulic-  Hnosnke. 11~ 13 867 325 3 939.3 657.5 6 ks
kych zvihdkoch sa realizoval zloZity Sekcia 3 = =
systém merani, aby sa predislo nerovno- H no§nﬂ< €. 14 ~22 350 9.05 9 351.9 N/A. : Len podlozka
mernému zataZeniu kontrukcie alebo ~ Sekcia4FD18 80 t zdvihak
vyvoju nepriaznivych deformécif (obr. 5). H nosnik &. 23 ~ 25 755 23 3 578.8 405.2 Bks
Dennhé merania Item Designed Imposed Number Imposed Preloading Remarks
Ucelom merania bola kontrola hodnét reaction force  width of beams Load * Load **
posunov exllstujucej kor,lstrulscu? v /Jed- (KNm’) i (Beam) (KN/Bearm) (KN/Beam)
nodennom intervale a zdroven signdlom
na 'pf)lfraéovanie v dalsich zdvvfflacich SEC 1) 80T jack
aktivitdch. .Merame sa uskutocnovalo oo No1, 2 700 1.89 D) 5615 463.1 4pcs
pomocou niveldcie. SEC 1)
Meranie pocas aktivovania H beam No. 3 ~ 10 700 7.56 8 661.5 N/A Only wedge
vzopretia SECTION 2) FD 19 80T jack
Meranie je vykondvané na kaZdej H beam No. 11 ~ 13 867 3.25 3 939.3 657.5 6pcs
pitke zvIa3t potas aktivovania hydrau- ~ SEC3)
lickych zdvihdkov. Merali sa tieto veli- ~ Hbeam No. 14 ~ 22 350 9.05 9 351.9 N/A Only wedge
&iny: SEC 4) FD18 80T jack
— zdvihnutie (sadnutie) stipu a piitky, H beam No. 23 ~ 25 755 23 3 578.8 405.2 6pcs

— sadnutie paZiacich pildt, .

— vzdialenost’ medzi prievlakom a stl-
pom.

Meranie vzpernej sily bolo monito-

rované pomocou konvertora tlaku.

* Uginné zatazenie (KN/nosnik) = vlastné zatazenie konstrukcie + dynamické zatazenie
** Vzperna sila (KN/nosnik) = u¢inné zatazenie x 70% (za predpokladu, Ze vlastné zatazenie sa rovna 70 % u¢inného

zafaZenia)

* Imposed load (KN/Beam) = Dead load + Live load
** Preloading load (KN/Beam) = Imposed load @ 70%, assuming that the dead load is 70 % of the imposed load
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Meranie posunov (sadnu-
tie/zdvih) bolo merané
pomocou tlakovych senzo-
rov deformaécii.

Kontrolné drovne posunov

Tuel

1 - Tenzometer na merania vzdialenosti
medzi prieviakom a stlpom

1 - Strain typed displacement gauge for
distance between beam and column

.

Z Dogasny ocelovy stip a lis

st zndzornené v tabulke 3. < .
Vi, 3¢ namruns | ke

hod Kroci 4 hiro. ata logger y yp

odnoty prekrocia prvi uro Hydraulické Gerpadio X Temporary steel beams
ven, price pokrauju opatrne Hvdrauli = S 4 - Tenzometer na meranie sadnutia pilét
dalej so zvysenou frekvenci- yerautic pump N -J _~" 4~ Stain typed displacement gauge for pies
ou merani. Ak merané hodno- Mera tlaku 4 : 1 - Tenzometer na meranie posunu stipu

. L . Pressure converter a zakladovej patky
ty prekrocia druhd droven, Tiak 1 - Strain typed displacement gauge for column
price st okamzZite zastavené P;SZTg Eyg.raulické and foundation
PR P i 4
a sti prijaté nevyhnutné opat- gauge H?/dr‘:::lic Nehybné prvky / Moveless elements
renia na zamedzenie vacsich hose ||
posunov.
Obr. 5 Schéma meracich zariadeni

Podchytavanie Fig. 5 Schematic Diagram for Measurement

zakladového pasu

Zékladovy pds podzemného ndkupného centra bol podchyteny
pomocou ocelovych H nosnikov umiestenych s rozstupom 1 m
(obr. 6). Schematicky je podorys zndzorneny na obr. 2. Zakladovy pads
je v urcitych castiach kombinovany so zdkladovou pétkou ¢. 18 a¢. 19.

Na zlepSenie stability celého pozdiineho rozpitia zdkladového
pasu bol z oboch strdn steny zabeténovany stuzujuci veniec ($irky 30
cm, vysky 80 cm), ktory bol pevne spriahnuty s konStrukciou steny
svornikmi (obr. 7).

Ocelové H nosniky zéroven posobili aj ako rozpery proti zemnym
tlakom od paziacich pilét, takzZe do nosnikov boli prendSané norma-
lové sily vznikajice tlakom zeminy, postupne pocas razenia pod
zékladovym pdsom a taktieZ ohybovy moment z vlastného zaklado-
vého pdsu. Z vypoctového modelu podla metédy konecnych prvkov
boli zadefinované findlne prierezy ocelovych H profilov.

Postupnost operdcii pri podchytdvani je takato:

— vykop/razenie pod zdkladovym pdsom na dizku 1 m,

— privarenie konzol na paZiace pil6ty,

— osadenie ocelového H nosnika na konzoly,

— vyplnenie medzery medzi zdkladovym pdsom a ocelovym H

nosnikom ocelovymi pldtmi (podlozkami),

— namontovanie hydraulickych zdvihdkov a aktivovanie vzperu,

— vyplnenie medzery medzi ocelovym H nosnikom a konzolou,

—dodato¢né vyplnenie medzery medzi zdkladovym pdsom

a ocelovym H nosnikom striekanym beténom,

— vykop/razenie v dal§om kroku.

Velkost  vzpernej sily bola determinovand dodato¢nym zatazenim
kazdého ocelového H nosnika. Ako je zndzornené v tabulke 4, vzper
bol vyvolany len v troch sekcidch, a to na zaciatku zdkladového pdsu
v smere razenia a v Casti zdkladovej pétky ¢. 19 a €. 18.

Obr. 6 Podchytdvanie zdkladového pdsu
Fig. 6 Underpinning of wall foundation

necessary section force of the H beam, and the size of the H beam
was decided.

The sequence of Underpinning work is as follows:

— Excavation under the foundation with 1m.

— Welding the brackets on the earth retaining piles.

— Setting the H beams on the brackets.

— Filling the gap between the bottom of foundation and the H
beam with steel plates (Wedges).

— Installing the jacks and jacking up (Preloading).

— Filling the gap between the H beam and the bracket.

— Filling the rest of gap between the bottom of foundation and
the H beam with the shotcreting.

— Excavation work under the foundation.

Preloading load was determined by the imposed load acted to
each H beam. As shown in Table 4, the preloading load was given
to only three sections, i.e., the one end of the wall foundation, the
foundation No. 19 and the foundation No. 18.

The sequence of the preloading is as follows:

— After setting of the H beam in the above section, the steel wed-
ges are installed between the bottom of foundation and the H
beam in order to transmit the load correctly to the H beam.

— The pressure to the both of the jacks set under the both ends of
the H beam is given simultaneously using the hydraulic pump
and hose.

— The load is given in stages by 40%, 60%, 80%, 90%, 100%,
110% and 120% (Figure 9).

— The load and displacement are confirmed after reaching 120%,
and then unload down to 100%.

— If the structure is lifted up before the load reaches 100%, the
preloading is considered to be finished.

Obr. 7 StuZujiici Zelezobetonovy veniec
Fig. 7 Reinforcement of the splint RC beams
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Obr. 8 MKP vypoctovy model
Fig. 8 FEM analysis

Postupnost’ aktivovania vzperu je takato:
— po uloZeni ocelového H nosnika na poziciu st osadené ocelové
podlozky medzi zdkladovy pds a nosnik, aby sa zaistilo
rovnomerné prenesenie zatazenia do nosnika,
— zvySovanie tlaku v hydraulickych zdvihdkoch pomocou hydrau-
lického cerpadla prebieha rovnomerne na oboch strandch ocelové-

ho H nosnika,

—tlak sa postupne zvySuje na tieto hodnoty: 40 %, 60 %, 80 %,

90 %, 100 %, 110 % a 120 % (obr. 9),

—tlak a posuny po dosiahnuti
120 % hodnoty sa skontro-
lujd a potom sa tlak zniZi na
100 %,

— v pripade, Ze dojde k posunu
konstrukcie pred dosiahnu-
tim 100 %, proces sa pova-
Zuje za dokonceny,

— doladenie tlaku (na hodnotu
100 %) sa vykond azZ po osa-
deni vSetkych ocelovych H
nosnikov.

Pocas aktivovania vzpernej
sily konstrukcie boli vykondvané
tieto merania:

a) Denné merania:

posun (zdvih, sadnutie) hori-
zontdlnej linie zdkladového pasu
nivelaénym meranim.

b) Meranie pocas aktivova-

nia vzperu:

schematicky diagram postupu
merania je zndzorneny na obr.
10. Obr. 11 zdroven zndzornuje
meranie v skuto¢nosti.

— Adjustment preloading (up to 100%) is carried out after the
installation of all beams.

Daily Measurement

The horizontal line running the length of the wall foundation is
checked every day by level surveying to monitor a displacement (sett-
lement/uplift).

Preloading Measurement

The schematic diagram for measurement is shown in Figure 10
and the aspect of the measurement is shown in Figure 11.

Vnesenie
napatia
Preloading

120%
110%
100%

90%
80%

60%

40%

0%

Smin

Instalacia klina

Wedge instalation
Vnasané napatie 100 %
Preloading load 100 %

15min
Smin
Smin
Smin
Smin
Dokoncenie merania po 30 minutach pri udrzani tlaku

After 30 min hold up, complemention of the measurement
Smin

sV pripade ak sa v priebehu vnaania napétia
konstrukcia zdvihne skor ako sa dosiahne
100 %, povazuje sa vnasanie za skonéené
During the preloading, if the structure uplifts
before the preloading load reaches 100%, to
be considered finished

Cas / Time

Obr. 9 Proces vndsania napitia
Fig. 9 Preloading procedure
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Takéto meranie bolo realizované na
kazdom ocefovom H nosniku, kde bol
vyvoldvany vzper. Merali sa tieto po-

suny:
— zdvihnutie/sadnutie zdkladového —1
pasu, . . e Zaznamnik dat
— sadnutie/zdvihnutie paZiacej piloty. Data logger
Kontrolné hodnoty posunov su znd- L
zornené v tab. 3. gg,%r:gf",cke

i Hydraulic pump [
ZHODNOTENIE REALIZOVANYCH -
PRAC A MERANI

Vyssie spominané prace na podchy-
tavani podzemného obchodného centra
boli ukoncené bez vaznejSich problé-
mov. Ziadne namerané hodnoty ne-
prekrocili povolené limity a si doka-
zom spravne zvolenej koncepcie pod-

Tlakomer
Pressure gauge

Hydraulicka hadica
Hydraulic hose

Klin
Wedge
r Lisy Jacks

Tenzometer na meranie posunov

— Strain typed displacement gauge
~— Nehybné prvky
Moveless elements

chytdvania konStrukecif.

Maximadlne deformacie (sadnutie)
bolo zaznamenané v hodnote 2,5 mm
na zédkladovej pitke ¢. 10. V pripade
zékladového pdsu bolo maximum 5 mm v mieste zakladovej patky
¢. 19. V tejto Casti sa na povrchu nachddza elektrickova trat, takze
bolo pravdepodobné, Ze maximdlne hodnoty budid dosiahnuté prave
v tejto oblasti.

Taktiez v pripade stuZujiceho Zelezobeténového venca, ktory bol
zabeténovany po oboch strandch steny na kontakte so zdkladovym
pasom, sa podarilo efektivne zvysit stabilitu celej Casti konstrukcie.
Z nameranych hodndt je mozné urobit zaver, Ze tento veniec spolu-
posobil ako cast’ zdkladového pdsu a vyrazne prispel k elimindcii
moznych deformdcii.

Priklady grafického zndzornenia meranych dat pri vyvoldvani
a uvoliiovani vzperu na zdkladovej pitke ¢. 10 si uvedené na obraz-
koch 12 a 13. Na obrdzku 14 si zndzornené hodnoty denného nive-
la¢ného merania posunu zdkladovych pitiek.

ASPEKTY MEDZINARODNEHO RIADENIA PROJEKTOV

Prace na podchytdvani podzemného obchodného centra boli strikt-
ne monitorované persondlom Taisei Corporation z Japonska ako aj
zastupcami investora, pretoZe aj malé zlyhanie by malo fatdlne
nasledky na dopravu v centre mesta ako aj na tretie strany. Vysledky
dosiahnuté pocas realizdcie prac si nespochybnitelnym dokazom
toho, Ze zhotovitel zvolil spravnu technolégiu, aby minimalizoval
vplyvy stavebnych prdc na pohyb konstrukcie podzemného centra
a taktieZ neobmedzil v§edny denny Zivot v centre mesta. Jednako, iba
spravnym zvolenim technolégie podchytdvania konStrukcii, ktord je
beZne pouzivand v Japonsku, by stavba nebola uspeSne dokoncend.

Obr. 11 Meranie pocas realizdcie
Fig. 11 Measurement during Preloading

Obr. 10 Schéma meracich zariadeni v pripade zdkladového pdsu
Fig. 10 Schematic Diagram for Measurement of Wall F oundations

It is carried out on each beam installed in the preloading sec-
tion. Measurement items are follows:

Uplift (settlement) of foundation.

Settlement (uplift) of the earth retaining piles.

Control value for measurement of displacement is shown in
Table 3.

EXECUTED WORKS/MEASURED RESULT

The aforementioned underpinning works were completed
without any serious problems. Every bit of measured data was
within the allowed range, the measured results proved the vali-
dity of the Underpinning work.

The maximum displacement (settlement) measured for the
column foundation was 2,5 mm at the foundation No. 10. For
the wall foundation, it was 5 mm at the point in the vicinity of
the foundation No. 19. Since the ground level on the foundation
No. 10 and No. 19 was the tram line, i.e., these foundation was
supporting the tram line, it deemed that the maximum displace-
ment was measured at these points.

In regards to the wall foundation especially, the splint RC
beams constructed on the both sides of the wall foundation to
enhance the rigidity of the whole span of wall foundation func-
tioned effectively. It turned out from the measured result that the
splint beams behaved as a unit together with the wall foundati-
on, and they made a contribution to restrain the displacement.

The measured data for the preloading and unloading on the
foundation No. 10 and the daily measurement data by level sur-
veying for the displacement of column foundations are shown
by way of example in Figure 12, 13, 14.

INTERNATIONAL CONSTRUCTION MANAGEMENT
ASPECTS

Underpinning works as one of the most complicated works
were strictly monitored by Taisei Corp. H/O and by the Client
representatives as well, any kind of failure would have fatal
consequence for the public and third party. The result reached
during underpinning works are significant to prove, that the
contractor selected the proper technology in order to minimize
influence of construction works on the movement of the subway
structure as well as the everyday life in the center of the city.
However only by the selecting of the underpinning technology,
which is very common in Japan the construction wouldn't reach
to successful end. The solution of the problem had to be com-
plex and had to consider many aspects of international con-
struction market. Starting with the design works, continuing
with the adopting of this design for local condition and finishing
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Zatazenie / Load

Graf vnasania napatia pre zakladovu péatku €. 10
Graph for Preloading at Foundation No. 10

BOOO KM 0.85 rmm
6000 KM 0,75 mm
4000 KN 8 —8—8—a—= = —a | 05mm
: 0,35 mm
2000 KN 0,15 mm
00 KN ——a— — 0,05 mm
s 3 ¥ ¥ 6 8 2 X 8 B 8 8 2 2 8§ ¥ B 8 8 § & —e Zatalenie/Load
| R oo e w8 e B g 2 Bae e g o Posunutie zakladu na vychod /

—&— Displacement of FD-East

Posunutie zakladu na zapad /
Displacement of FD-West

Obr. 12 Namerané hodnoty pri aktivovani vzperu, FD 10
Fig. 12 Preloading data at FD 10

RieSenie problematiky riadenia projektov v medzindrodnom prostre-
di musi byt ovela komplexnej$ie a musi zohladriovat' mnohé aspekty.
Zacinajuc projekénymi pradcami, pokracujic prdcami na adaptovani
projekéného rieSenia do lokdlnych podmienok krajiny, kde sa projekt
realizuje a konciac samotnou realizdciou a monitoringom pocas
vystavby. Takéto komplexné rieSenie zhotovitel' zabezpecil a zahimia
aj dalej uvedené aspekty.

Riadenie projektov v medzindrodnom prostredi vyzaduje zdkladné
pochopenie trhu a myslenia Iudi v krajine, kde sa projekt nachddza.
S postupujicim ¢asom realizdcie projektu sa musi toto pochopenie
prehlbovat a rovnako tak aj kultirna a pracovnd synergia pracovné-
ho timu projektu. Velmi doleZitou skuto¢nostou na zaciatku projektu
je zjednotenie ndzorov vSetkych zainteresovanych strdn, poc¢nuic
investorom a subdoddvatelmi konc¢iac. MoZnosti pochopenia zo stra-
ny investora, stavebného dozoru a subdoddvatelov st premenlivé
a z4vislé od mentality krajiny. Toto je jedno z najvacSich rizik pre
zhotovitela na ceste k dspeSnému ukonceniu projektu. Absoltdtnou
nevyhnutnostou je silné zmluvné oddelenie s podporou lokalnej
pravnej kanceldrie. Dovera zhotovitel — klient a zhotovitel' — subdo-
ddvaterl je dalSou neodmyslitelnou sticastou pre dspesné dosiahnutie
ciela, ktorym je ukoncenie projektu.

Zo skisenost{ tohto projektu je mozné povedat, Ze vytvorenie spo-
lo¢ného porozumenia medzi zainteresovanymi stranami a vytvorenie
dovery medzi zhotovitelom a domacimi subdoddvatelmi bolo velmi
komplikované. Stavebné prace na napojeni do stanice Serdika boli rea-
lizované roznymi subdoddvatelmi z rdznych krajin. Dovody rozdele-
nia stavby na mensSie celky (zmluvy) boli rozne. Hlavhym dévodom
bola vsak zloZitost' prac a minimdlne sktsenosti s podchytdvanim kon-
Strukcif v Bulharsku. Stavebné préce boli preto rozdelené takto:

— Ciasto¢né zburanie podzemného obchodného centra bolo realizo-

vané bulharskym subdoddvatelom Start Engineering,

— prdce na paZiacich pilétach boli realizované japonskou firmou
Seiwa Renewal Works,

— prace na podchytdvani konStrukcii boli realizované japonskou
firmou MASE za pomoci slovenskej firmy TUBAU, ktord potom
realizovala aj vykopové, resp. raziace a betondrske prace.

Dovody vybrania japonskej firmy na vitanie pil6t boli velmi jed-
noduché. Zhotovitel nebol schopny ndjst’subdoddvatela na domacom

with execution and monitoring. This complex solution had been
provided and had included also other followings aspects.

The construction management on the international basis requ-
ires basic understating of the market and the way of thinking of
the people in the country of the project. With the time and
advancing of the project the understanding have to become
more strong as well as the cultural and working synergy within
the working team on the project. At the beginning of project is
also important unification of ideas of all involved parties, from
client to subcontractors.

Level of understanding from the client, the engineer and sub-
contractor varies in the different countries. This was the biggest
risk for the contractor to finish the project. A strong contract
team with support of the local country lawyers is absolutely
necessary. The trust between contractor and client, contractor
and subcontractor is another, very essential thing for achieving
successful end of the project.

From this project experience, to achieve common understan-
ding among the parties and create the trust between contractor
and local subcontractor was complicated. The construction
works on the connection to Station Serdika were executed by
different subcontractors from different countries. The reasons to
divide the project in smaller sections/contract are various, main-
ly complication of working procedure and less experience with
underpinning works in Bulgaria. Due to this facts the works
were divided as follows: partial demolishing of the old subway
executed by Bulgarian subcontractor Start Engineering, piling
works executed by Japanese subcontractor Seiwa Renewal
Works, underpinning works executed by Japanese subcontractor
MASE with the help of the Slovak company TUBAU and final-
ly the excavation and structural works executed by the Slovak
company TUBAU.

The reason for selecting a Japanese subcontractor for piling
works was very simple, the contractor faced trouble with fin-
ding a subcontractor on the local market (the requirement for
height of piling machine max. 3,0 m, due to the roof of non-
demolished subway). The complete technology for the slurry
type piles, including 2 piling machine was transported from
Japan. At the same time team of 16 workers including 2
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Obr. 14 Namerané hodnoty posunov v casti zakladovych piitiek
Fig. 14 Measured data for displacement of column foundations

trhu s potrebnym strojnym vybavenim (poziadavky na mald vysku
pilétovacej sipravy max. 3 m, a to z dovodu malej vySky stropu
v nezburanej Casti podzemného obchodného centra). Z Japonska bola
privezena komplexnd technoldgia na vitanie bentonitovych pil6t spolu
s dvomi vrtnymi sipravami. Zaroven tim zlozeny so 16 pracovnikov
a dvoch technikov, ktory pracoval dva mesiace na stavbe. Prdce na
podchytdvani konstrukcii si vyZadovali zapojenie firmy, ktord uz ma
mnohé skudsenosti s realizdciou projektov podobného typu. Z ddévodu
predoslej spoluprdce zhotovitela v Japonsku bol vybrany japonsky
subdoddvatel MASE. Pomocné prdce pri podchytdvani a vykopové,
resp. raziace prace boli realizované slovenskou firmou TUBAU. Této
spolo¢nost’ bola zhotovitelovi dobre zndma z predchddzajiceho pro-
jektu tunela Sitina v Bratislave. TUBAU bola jednou z dvoch sloven-
skych stavebnych firiem, ktoré reflektovali na ponuku realizovat'svoje
prace v Bulharsku (druhou firmou bola VHS Tunely, ktord pracovala
na Ventilatnej Sachte 7-8). Vdaka tejto kombindcii subdoddvatelov
a ich profesiondlnemu pristupu bolo mozné uspesne zavisit prace vo
vybornej kvalite, bez vdZnejSieho drazu a v stanovenom cCase.

Vzhladom na uvedené skutocnosti je nevyhnutné mat'na zreteli pri
vybere subdoddvatela, Ze v pripade firmy z inej krajiny je v zdujme
zhotovitela zaistit' potrebni podporu (v pripade, Ze subdodavatel pri-
chddza na trh prvykrat) subdoddvatelom, ktord zahfna napr. pomoc
pri ubytovani, zariadeni staveniska, doddvkach materidlu atd.

ZAVER

Vysledkom stavebnych prac ma byt za kazdych okolnost{ kvalitny
produkt, vyhovujuici predstavdm a poziadavkdm investora a tieZ aj
cestujicej verejnosti, ktord denné pouZiva podzemnd hromadnid
dopravu. Na dosiahnutie tohto ciela si potrebné: doslednd priprava,
kvalitné pldnovanie a bezchybnd realizdcia. Napojenie do stanice
metra Serdika bolo vybudované v extrémne kriatkom Ccase,
v samotnom centre mesta a po¢as beZnej prevadzky stanice metra.
Vsetky tieto aspekty vyzaduji rozsiahlu siet’ subdoddvatelov
z roznych krajin, ale bez patri¢cného pochopenia tretich strdn by aj tak
prace nemohli postupovat' plnym tempom. NdleZite vytvorené profe-
siondlne vztahy a neskor ich starostlivé udrziavanie medzi vSetkymi
zainteresovanymi stranami a zjednotenie ndzorov na projekt, dopo-
mohli k jeho tdspesnému dokonceniu.

SHIGERU KATSUI, ktisgr00@pub.taisei.co jp,
TOSHIHIKO AOKI, to-aoki@ce taisei.co jp,
TAISEI CORPORATION JAPAN,
HIROMITSU TADA, tada@taisei-bg.com,
PAVEL ZUZULA, p.zuzula@taisei-bg.com,
TAISEI CORPORATION BULGARIA

Recenzoval: Ing. Miloslav Frankovsky

technician came from Japan and for 2 month completed the
works.

The importance of the underpinning works requires engage-
ment of an experienced company with similar type of projects.
The Japanese subcontractor MASE was selected due to many
experiences working with contractor in Japan. The supporting
works and excavation were made by Slovak company TUBAU.
The company was well-known by contractor from the Slovakia
project of tunnel Sitina, TUBAU was one of the two company
from Slovakia which reflected offer from contractor to perform
the works in Bulgaria. (second company VHS Tunely, working
on Ventilation shaft 7-8). Due to this combination of subcon-
tractor and professional approach of all of them the constructi-
on could successfully finish with excellent quality, safety and on
schedule.

During the stage of selecting the subcontractor it is very
necessary to take into consideration, that in a case of a foreign
subcontractor, is in the contractor's aim to provide necessary
support (when the subcontractor is entering first time market) to
subcontractor, which includes help with accommodation, site
facilities, suppliers contact and others.

CONCLUSION

The result of the construction works is a quality construction
which fully satisfied client's requirement and the public that is
daily using the underground transportation system. To achieve
this result careful preparation, proper planning and execution is
required. The connection to the Metro Station Serdika was exe-
cuted in a very tide-time schedule, in the center of the city, and
at the normal operation of an existing station. All this aspects
required huge networks of subcontractors and suppliers also
from foreign countries. Without cooperation and understanding
from the third party works couldn't have proceeded in a full
swing. However, the proper creation and afterwards cultivation
of the relations between all parties and unification of visions
helped the project to finish successfully.

SHIGERU KATSUI, ktisgr00@pub.taisei.co. jp,
TOSHIHIKO AOKI, to-aoki@ce.taisei.co.jp,
TAISEI CORPORATION JAPAN,
HIROMITSU TADA,

tada@taisei-bg.com,

PAVEL ZUZULA,

p-zuzula@taisei-bg.com,

TAISEI CORPORATION BULGARIA
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REKONSTRUKCIA ELEKTRICKOVEHO TUNELA POD HRADOM
V BRATISLAVE
RECONSTRUCTION OF TRAM TUNNEL UNDER
BRATISLAVA CASTLE

MILOSLAV FRANKOVSKY

uvob

V mdji roku 2010 sa ukonCili rekon$trukéné price v elek-
trickovom tuneli pod Bratislavskym hradom. Komplexnd rekonstruk-
cia tunela a suvisiacich podzemnych priestorov zacala v m4ji roku
2009. Investorom rekonstrukcie tunela bol Dopravny podnik
Bratislava, a. s., pri¢om Cast’stvisiacu s novym vodovodnym potrubim
financovala Bratislavskd vodarenskd spolocnost” a. s. Projektantom
rekonstrukcie bol Terraprojekt, a. s., Bratislava a zhotovitelom
Zdruzenie pre elektricku pod Hradom tvorené spoloénostami OHL ZS,
a. s., Skanska BS, a. s., a Trnavska stavebnd spolocnost’, a. s.

Elektrickovy tunel je situovany v mestskej Casti Bratislava—Staré
Mesto pod vybezkom Malych Karpat, klesajicim do tddolia rieky
Dunaj (obr. 1). Tunel lezi priamo pod Hradnym vrchom a je na
vychodnej strane napojeny do kriZzovatky ulic Kapucinska—Zamocka,
na zapadnej strane na NdbreZie arm. gen. Ludvika Svobodu.

Masiv hradnej skaly, v ktorom je tunel vybudovany, je zlozeny
prevazne zo Zuly, ktord v tychto miestach vystupuje na povrch tze-
mia a je pokrytd rozne mocnymi svahovymi sedimentmi. Zula je
prevazne rovnomerne zrnitd, miestami prestipend tensimi aj hrub-
§imi pegmatitovymi a aplitovymi Zilami rdznych smerov.
Geotechnické vlastnosti horninového masivu st zhorSené tektonic-
kymi poruchami a u¢inkami mechanického a chemického zvetrd-
vania, ktoré dosahuje hlbku 8 az 10 m, miestami az 20 m.
Priepustnost’ horninového masivu je pomerne mald, ale zvysuje sa
v miestach portich. Tektonickd Struktira masivu bola dotvorend
v tretohordch pri alpinskom vrdsneni. Vznikli pozdlzne zlomy,
v ktorych dalSie tektonické sily sposobili aj vznik prie¢nych zlo-
mov a mylonitovych pdsiem réznych mocnosti, v ktorych je Zula
rozdrvend, takZe jej povodny charakter sa tplne stratil. V hlbsich
Castiach masivu su pukliny uzavreté, preto aj menej priepustné.
V tektonicky poruSenych a zvetranych Castiach masivu vSak cirku-
luje puklinovéd voda. Horninovy masiv je chudobny na lahko roz-
pustné latky. Zrdzkova voda, ktord stekd po svahoch a vsakuje do
pokryvnych a zvetranych Casti masivu, vytvdra v masive slabo
zavodnené horizonty, pricom vydatnost priesakov je priamo zavis-
14 od intenzity zrazok.

Zakladné technické ldaje o tuneli:

Dizka tunela: 792 m
PrevySenie tunela medzi portalmi: 18,2 m
Maximalna vyska nadlozia: 63 m
Maximalny pozdizny sklon: 2,99 %
Svetla Sirka tunela medzi oporami: 11,0m
Svetla vyska tunela: 6,6 m

HISTORIA TUNELA

Tunel bol vybudovany v rokoch 1943-1949 ako cestny tunel
s vozovkou Sirky 7 m a obojstrannymi vyvySenymi chodnikmi Sirky
2 m. Svetly prierez tunela pdsobiaci parabolicky je v skutocnosti
skonstruovany z kruhovych segmentov. Stavebné prace realizovali
firmy, ktoré mali skdsenosti z vystavby Zelezni¢nych tunelov klasic-
kymi tunelovacimi metédami, najmd rakdskou metédou s poz-
dlZznikovym docasnym vystrojom — vydrevou, preto sa tito metdda
zvolila aj pre vystavbu tunela pod Hradom (obr. 2). Vystavba sa zaca-
la razenim smerovej §tdlne lichobeznikového prierezu od oboch por-
tilov tunela. Pokracovalo sa razenim stropnej $tolne, z ktorej boli
razené do smerovej Stdlne v kazdom pracovnom pdse sypacie Sachty

INTRODUCTION

Reconstruction work on the tram tunnel under Bratislava Castle
was finished in May 2010, 12 months after the work commencement.
The comprehensive reconstruction of the tunnel and associated
underground spaces started in May 2009. The client for the tunnel
reconstruction was Dopravny Podnik Bratislava, a. s. (a public tran-
sit company). A part of funding relating to a new water line was pro-
vided by Bratislavskd vodarenska spolo¢nost’a. s. (a water company).
The design for the reconstruction was carried out by Terraprojekt,
a. s., Bratislava and the contractor was ZdruZenie pre elektri¢ku pod
Hradom, a consortium consisting of OHL 7S, a.s., Skanska BS, a. s.,
and Trnavska stavebnd spolocnost, a. s.

The tram tunnel is located in the municipal district of
Bratislava—Staré Mesto, under a spur of the Lesser Carpathians dec-
lining to the Danube River valley. The tunnel is found directly under
the Castle Hill. On the eastern side it is connected to the intersection
between Kapucinska and Zamockd Streets, while General Ludvik
Svoboda embankment is on its western side.

The castle rock mass which the tunnel passes through consists mainly
of granite, which rises in this location to the surface of the area and is
covered with slope sediments of variable thickness. The granite is most-
ly uniformly grained, locally interspersed with thinner to thicker veins of
pegmatite and aplite, trending in various directions. Geotechnical pro-
perties of the rock mass are worsened by faulting and effects of mecha-
nical and chemical weathering, which reach to the depth of 8 to 10 met-
res, locally up to 20m. Rock mass permeability is relatively low, but it
increases at faults. The tectonic structure formation was completed in the
Tertiary period, during the Alpine orogeny. Strike slip faults originated,
with dip slip faults and mylonite zones of various thickness developing
as the result of other tectonic forces. The granite in the latter faults was
crushed, therefore, it completely lost its original character. Fissures in
deeper parts of the rock mass are closed, therefore less permeable.
Fissure water circulates within the broken and weathered parts of the
massif. The rock mass is poor in easily soluble matters. Rain water which
flows down the slopes and seeps into the surface parts and weathered
parts of the massif forms slightly saturated horizons in the massif, with
the seepage rate directly depending on the rate of precipitation.

Basic technical data on the tunnel:

Tunnel length: 792m
Difference between altitudes of portals: 18.2m
Maximum overburden height: 63m
Maximum longitudinal gradient: 2.99 %
Net width between side walls: 11.0m
Net height of the tunnel: 6.6m

TUNNEL HISTORY

The tunnel was constructed from 1943 to 1949 as a road tunnel
with a 7m wide roadway and 2m wide elevated walkways on both
tunnel sides. The net cross section of the tunnel, giving the impressi-
on of a parabola, consists in reality of circular segments. The con-
struction was carried out by contractors experienced in constructing
railway tunnels by traditional tunnelling methods, first of all the
Austrian Tunnelling Method using bar timbering. For that reason this
method was chosen even for the tunnel under the Castle. The con-
struction started by driving a trapezoidal cross-section pilot tunnel
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Obr. 1 Situdcia tunela na mape mesta
Fig. I Tunnel layout in a city map

na vertikdlnu dopravu ribaniny. Horizontdlna doprava ribaniny bola
zabezpecCend uzkokolajnou Zeleznicou vedenou v smerovej Stolni.
K otvédraniu plného prierezu tunela sa pristupovalo po pracovnych
pasoch maximdlne 50 m za &elom §tdlne. KedZe sa v trase tunela pred-
pokladali relativne priaznivé geologické podmienky, pri ndvrhu
docasného vystroja aj definitivneho ostenia sa volilo spravidla vyuZi-
tie TahSieho typu vydrevy a ostenia v 42 pracovnych pdsoch, resp.
slabo- az stredne dimenzovaného typu v 27 pracovnych pdsoch. Silne
dimenzovany typ vydrevy a ostenia bol navrhnuty len v 13 pdsoch pri
zdpadnom portdli, kde sa tunel budoval v otvorenom vykope
a dodato¢ne zasypal. Ostenie tunela je zhotovené z ryolitovych blokov
z kamenolomu pri Hliniku nad Hronom. Ostenie opory je z lomového
kamena, na lici upraveného ako hrubé riadkové murivo. Klenba je
z ryolitovych klendkov s opracovanym licom.

Stcastou stavby tunela bola tnikova chodba s prierezom $irky 4 m
a vySky 4 m vedend z tunela v stiipan{ a vyustend na Palisady. Kvoli
velkému pozdlznemu sklonu (17,5%) sa v chodbe vybudovalo scho-
disko. Chodba dlzky cca 135 m sa pripdja na tunel v pdse ¢. 50. Do
projektu tunela bol tiez zapracovany a pocas stavby aj vybudovany
kryt Civilnej protileteckej ochrany uréeny na ochranu dstavnych ¢ini-
telov. Vchod do krytu bol zabezpeceny priblizne 56 metrov dlhou
a 3,3 m vysokou chodbou zacinajticou v blizkosti vychodného porta-
lu a tiez kriatkou 2,5 m vysokou spojovacou chodbou v tuneli
v tunelovom pése ¢. 76. Hlavnd komora krytu tvaru tunelovej riry ma
rozmery 11x12 metrov. Osobitnou kapitolou v histdrii tunela bolo
obdobie od jina 1944 do aprila 1945, ked bol este v §tadiu rozostava-
nosti vyuzivany ako protiletecky kryt pre obyvatelstvo.

Tunel bol v obdobi rokov 1949-1981 prevddzkovany ako cestny
a sldzil aj linkdm autobusov MHD. Chodniky v tuneli v prvych
rokoch vyuZzivali aj chodci. Neskor sa z bezpecnostnych dovodov
vstup chodcom zakdzal. V rokoch 1981-1983 sa uskutocnila posled-
né velkd rekonstrukcia tunela, ktorej ndpliiou bola zmena jeho vyuZi-
tia z cestného na elektrickovy tunel. V rdmci tejto rekonstrukcie sa

from both tunnel portals. It continued by excavating the top heading.
Vertical transport of the muck was through drop shafts, which were
sunk from the top heading to the pilot tunnel in each working block.
The horizontal transport of muck was by a narrow-gauge track instal-
led in the pilot tunnel. The full tunnel cross-section was being ope-
ned in working blocks, 50m behind the pilot tunnel face. Because of
the fact that relatively favourable geological conditions were expec-
ted to be encountered along the tunnel route, a lighter type of timbe-
ring and the lining was designed for 42 working blocks, and weak to
medium strong types for 27 working blocks. Heavy timbering and
lining was designed only for the 13 blocks adjacent to the western
portal, where the tunnel was constructed in an open trench to be sub-
sequently backfilled. The tunnel is lined with rhyolite blocks obtai-
ned from a quarry near Hlintk nad Hronom. The sidewalls are in
quarry stone, with the stone sides forming a carved inner face to give
the impression of range masonry. The vault is lined with rhyolite
wedges with a bush-hammered inner surface.

An escape gallery with the cross-section 4m wide and 4m high was
part of the tunnel construction. It was driven from the tunnel on
arising gradient and ended in Palisddy Street. A staircase was built in
the gallery because of the steep longitudinal gradient (17.5%). The
135m-long gallery is connected to the tunnel lining block No. 50.
A civil air defence shelter was incorporated into the tunnel design
during the course of the construction to provide protection for con-
stitutional officials. The shelter entrance was via an approximately
56m long and 3.3m high adit starting in the vicinity of the western
portal, and via a short 2.5m high passage gallery leading from tunnel
lining block No. 76. The main shelter chamber, having the form of
a tunnel tube, is 11mx12m in cross section. The period from June
1944 to April 1945 was a special chapter in the tunnel’s history.
Despite the fact that it was still under construction, it was used as an

air-raid shelter for Bratislava residents.



Obr. 2 Schéma vydrevy tunela
Fig. 2 Tunnel timbering chart

vybudovala kolajova trat’a potrubie vodovodu priemeru 800 mm sa
uloZilo na povrch juzného chodnika. Unikova chodba z tunela na
Palisady sa poCas prevadzky elektriciek prestala pouzivat'a bola uzav-
retd. Nevyuzivany zostal aj kryt, ktorého portal od Skalnej ulice bol
postupne zasypany a dlhodobo nepristupny.

HLAVNE DOVODY REKONSTRUKCIE

Stav tunela pred komplexnou rekonstrukciou (obr. 3) zodpovedal
jeho veku, resp. ¢asu uplynutého od jeho poslednej velkej rekonstruk-
cie v osemdesiatych rokoch minulého storo¢ia. Dlhodobo neudrza-
telny stav sa tykal viacerych Casti stavby a jej vybavenia. Rozhodnutie
o rekonstrukcii sa opieralo hlavne o tieto dovody.

Podkladové panely a kolajnice boli v zlom technickom stave, hlava
kolajnic bola deformovand, ¢o spdsobovalo otrasy a hluk
v elektrickdach. Niektoré useky kolajnic boli opotrebované v takej
miere, Ze ohrozovali bezpecnost elektrickovej dopravy.

Odvodnenie tunela bolo v zlom stave, systém prie¢nych priedu-
chov, zvodnic a pozdlznych zberacov bol v niektorych tsekoch
nefunkény a napomdhal zhorSovaniu podloZia kolajovej trate.

Potrubie vodovodu DN 800 umiestnené na povrchu medzi juznou
oporou a kolajovou tratou znemoZnovalo trvaly pristup k opornej Casti
ostenia a k prvkom odvodnenia na juZnej strane tunela. Zaroven
potrubie zhorSovalo podmienky uniku o0sdb popri juznej opore
v pripade mimoriadnej situdcie.

Zabezpecenie prevadzkovej a poziarnej bezpecnosti v tuneli bolo
nedostatocné, tnikova chodba na Palisddy bola nefunk¢nd, inikové
cesty pozdlz kolajovej trate neboli oznacené a osvetlené.

Tunel v poslednom obdobi nebol osvetleny, existujice viackrat
modernizované osvetlenie bolo zdevastované a nefunkcné.

Trolejové a napdjacie vedenia a suvisiace zariadenia boli vo
velmi zlom technickom stave.

Uvedené hlavné dovody boli analyzované a zhrnuté v investorskom
zamere [1]. Nésledne bola v roku 2008 spracovana dokumentécia pre
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Obr. 3 Interiér tunela pred rekonstrukciou (foto M. Dekdnek, 2009)
Fig. 3 Tunnel interior before reconstruction (Photo courtesy of M. Dekdnek,
2009)
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The tunnel was operated as a road tunnel and was used by buses of
the urban mass transit system. The walkways in the tunnel were even
used by pedestrians during the initial years. Later the entry of pede-
strians was forbidden for safety reasons. The last major reconstructi-
on of the tunnel took place in 1981 — 1983, changing the purpose of
its use. It was changed from the road tunnel to a tram tunnel. A rail
track was laid and an 800mm-diameter water pipeline was installed
on the surface of the southern walkway. The gallery allowing escape
from the tunnel to Palisddy Street ceased to be used during the tram
operation and was closed. The shelter also remained unused. The por-
tal from Skalnd Street was gradually backfilled and was inaccessible
for a long time.

MAIN REASONS FOR THE RECONSTRUCTION

The condition of the tunnel before the comprehensive reconstruc-
tion corresponded to its age or the time which had passed since the
previous major reconstruction in the 1980s. The condition which was
untenable for a long time comprised several parts of the structure and
its equipment. The decision that the reconstruction would be carried
out was mainly based on the following reasons:

Rails carrying concrete panels and the rails were in a poor techni-
cal condition; the head of rails was deformed, causing shaking and
noise inside trams. Some stretches of the rails were worn to an extent
which jeopardised the safety of the tram traffic.

The tunnel drainage was in a poor condition, the system of trans-
verse drain holes, cross drains and longitudinal collecting drains was
out of function in some blocks, contributing to deterioration of the
rail track sub-grade.

Owing to the DN 800mm water pipeline lying on the surface bet-
ween the southern sidewall and the rail track, a permanent access to
the lining on the sidewall and elements of the drainage on the sout-
hern part of the tunnel was impossible. At the same time, the pipeli-
ne worsened conditions for the escape of people along the southern
sidewall in the case of an emergency.

The level of the operational and fire safety in the tunnel was insuf-
ficient; the escape gallery ending in Palisddy Street was out of func-
tion, escape routes along the tram track were not provided with mar-
kings and were not illuminated.

Lately the tunnel was not illuminated because the existing, several
times upgraded, illumination was devastated and out of function.

The overhead catenary and power lines, as well as associated faci-
lities were in a very poor technical condition.

The above-mentioned main reasons were analysed and summari-
sed in a project concept [1]. Subsequently the final design was carri-
ed out [4]. The tender proceedings for the reconstruction took place
at the beginning of 2009.

TUNNEL USER SAFETY

Problems associated with the safety of tunnel users had to be dealt
with during the work on the reconstruction design. A safety concept [2]
was worked out as early as the initial stages of the design preparation.
It assessed and proposed measures the objective of which was to imple-
ment a safety standard comparable with railway tunnels. The reason
was the fact that the tram tunnel is the only of its kind in Slovakia and
the number of tram tunnels in neighbouring countries is not sufficient
for creating specific regulations solving safety equipment for this type
of tunnels. It must be stressed that, according to conclusions reached by
authors of the safety concept, the risk of an incident in the tunnel carry-
ing only tram traffic is significantly lower compared to road tunnels,
which are every day passed through by thousands of cars and lorries.

The following measures were proposed as the basic elements of the
safety concept:

The gallery ending in Palisddy Street will be brought into service
to be used as an escape route in the case of a tunnel fire. The gallery,
the structure of which will be reconstructed, will be equipped with
fire shutters, a forced ventilation system and lighting.

Escape walkways on both sides of the tram track will be equipped
with guidance illumination, marking of the distance to the nearest
escape exit and hand rails.

A leaky-feeder radio communications cable running throughout the
tunnel length will be used for transmitting information, allowing
communication between the tram driver with the traffic control room.
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1 - trolejové vedenie, 2 — drendzne odvodnenie, 3 — vodovod DN 800,
4 - kolajové trat, 5 — drenazne odvodnenie

1 —catenary, 2 — drainage, 3 -DN 800 water pipeline, 4 — rail track,

5 — drainage

Obr. 4 Vzorovy priecny rez tunela po rekonstrukcii
Fig. 4 Typical cross-section through the tunnel after reconstruction

stavebné povolenie [4] a za¢iatkom roku 2009 prebehla stitaz na vyber
zhotovitela rekonStrukcie.

BEZPECNOST UZIVATELOV TUNELA

Pocas spracovania projektovej dokumentécie rekonstrukcie bolo
potrebné riesit otdzky suvisiace s bezpecnostou uzivatelov tunela. Uz
vo vstupnych §tddiach projektovej pripravy bola spracovand bezpec-
nostnd koncepcia [2], ktord zhodnotila a navrhla opatrenia, ktorych
cielom bolo zaviest bezpecnostny Standard porovnatelny so Zeleznic¢-
nymi tunelmi. Elektrickovy tunel je totiz jediny svojho druhu na
Slovensku, priCom ani v okolitych krajindch nie je pocet elektri¢ko-
vych tunelov dostatocny na to, aby existovali osobitné predpisy riesi-
ace bezpe¢nostné vybavenie tohto druhu tunelov. Je treba zdo6raznit),
Ze podla zdverov spracovatelov bezpecnostnej koncepcie je riziko
vzniku mimoriadnej udalosti v tuneli sliZiacom len elektrickovej
doprave podstatne niZSie v porovnani s cestnymi tunelmi, ktorymi
denne prechddzaju tisicky osobnych i ndkladnych vozidiel.

Ako zdkladné prvky bezpecnostnej koncepcie boli navrhované tieto
opatrenia.

Sprevaddzkuje sa chodba tstiaca na Palisady, ktord bude slizit’ ako
unikova v pripade poziaru v tuneli. Stavebne zrekonstruovana chodba
bude vybavend poZiarnymi uzdvermi, pretlakovym vetranim
a osvetlenim.

Unikové chodniky po oboch stranéch elektri¢kovej trate budii vyba-
vené orienta¢nym osvetlenim, oznacenim vzdialenosti k najblizSiemu
unikovému vychodu a drzadlami.

Na prenos informdcie bude sldZit' rddiové spojenie zabezpecené
vyzarovacim kablom po celej dlzke tunela, umoZnujice spojenie
vodica elektricky s dopravnym dispecingom.

Pred tunelmi bude doplnené premenlivé dopravné znaCenie zabranu-
juce vstupu elektri¢ky do tunela v pripade mimoriadnej udalosti v iom.

Pri portdloch tunela budu zriadené poZiarne hydranty.

Na podklade takto navrhnutého Standardu sa zacali rokovania
s predstavitelmi prezidia Hasi¢ského a zachranného zboru. Po dlhych
a Casto burlivych diskusiach bolo na zdklade poziadaviek predstavite-
Tov poZiarnej ochrany do projektového rieSenia zapracovanych nieko-
Iko daliich opatrent. )

V tuneli je zriadeny kamerovy dohlad po celej dlzke s prenosom
obrazu do dopravného dispecingu prevddzkovatela.

V tuneli je inStalované nezavodnené potrubie DN150 poziarneho
vodovodu, sliZiaceho v pripade zdsahu hasicov.

Kvaoli zabezpeceniu pozadovaného tlaku v potrubf je zriadend auto-
maticka tlakova stanica so zdloZnym zdrojom napdjania (dieselagre-
gdtom). Obe zariadenia si umiestnené v podzemnych priestoroch
byvalého krytu.

Obr. 5 Vizualizdcia interiéru tunela podlu projektu
Fig. 5 Visualisation of the tunnel interior according to the design

Variable traffic signs preventing a tram from entering the tunnel
in the case of an incident inside the tunnel will be installed in front
of the tunnel portals.

Fire hydrants will be installed at the tunnel portals.

The standard proposed in the above-mentioned way provided
a base for initial negotiations with representatives of the Fire
Rescue Service presidium. After lengthy and often heated discussi-
ons, several additional measures were incorporated into the design,
as required by the Fire Rescue Service representatives:

A camera surveillance system is installed throughout the tunnel
length. Images are transmitted to the tunnel operator’s control
room.

A DN150mm dry hydrant line is installed in the tunnel to be used
in the case of a fire intervention.

An automatic booster pump station with a backup power source
(a diesel generating set) is installed on the pipeline. Both facilities
are located in the underground spaces of the former shelter.

In the case of an extraordinary situation inside the tunnel, the
tram driver will inform the traffic operator using the radio commu-
nication system. The traffic operator will be able to identify the
condition using the camera surveillance system and announce
a contingent fire to the fire brigade. Subsequently the traffic opera-
tor will take care of switching the catenary off and filling the
hydrant line with water. The entry of other trams into the tunnel will
be prevented by means of variable traffic signs.

The situation of smoke propagation which could occur in the case
of a tram fire was analysed on the basis of requirements of repre-
sentatives of the Fire Rescue Service. Ventilation studies [3] con-
firmed that spreading of smoke back through the tunnel was impos-
sible at all meteorological variants and variants of the fire magnitu-
de being verified because the smoke propagation velocity in the
west-east direction exceeded the critical velocity. A fire interventi-
on is therefore possible from the western portal. A mobile fan will
be used in the case of an intervention from the eastern portal.

EXTENT AND COURSE OF RECONSTRUCTION OPERATIONS

The construction of the new tram track was the main part of the
comprehensive reconstruction. A ballastless track structure of the
slab track type was designed for the tram tunnel, in accordance with
requirements for future maintenance and the length of life. The
track gauge is 1,000mm. The track alignment in the tunnel is near-
ly straight, horizontal curves are found only in the vicinity of the
tunnel portals.

The track superstructure consists of the following elements:

— NT1 rail with elastomer rail pads,

— elastic fastening of rails on base plates with anchor bolts,

— a closed concrete cover reaching up to the top of rail level,

— C30/37 concrete base slab 245mm thick, reinforced with steel

mesh at the lower surface,




Obr. 6 Vystavba kolajovej trate, vpravo potrubie vodovodu v kandli
Fig. 6 Construction of the rail track; for the right: the water pipeline in the duct

V pripade mimoriadnej situdcie v tuneli sa vodi¢ elektricky spoji
prostrednictvom radiového spojenia s dopravnym dispecingom.
Dispecer mdZze pomocou kamerového dohladu identifikovat’ stav
a v pripade poziaru tento zahldsit hasi¢skej jednotke. Dispecer
nédsledne zabezpeCi vypnutie napdjania trolejového vedenia
a naplfianie potrubia poZiarneho vodovodu. Vstup daliich elektri¢iek
do tunela bude zamedzeny prostrednictvom premenlivych doprav-
nych znaciek.

Na zaklade poziadaviek predstavitelov poZiarnej ochrany bola pre-
verena aj situdcia Sirenia dymu, ku ktorej by mohlo dojst’ v pripade
poziaru elektri¢ky. Stidia vetrania [3] potvrdila, Ze pri vietkych pre-
verovanych meteorologickych variantoch a tieZ variantoch velkosti
poziaru prevySuje rychlost’ §irenia dymu v smere od zdpadu na
vychod kritickd rychlost, a teda spétné Sirenie dymu nie je mozZné.
Zasah hasicov je preto mozny od zdpadného portalu a v pripade zdsa-
hu od vychodného portélu sa pouZije mobilny ventildtor.

ROZSAH A PRIEBEH REKONSTRUKCNYCH PRAC

Hlavnou stcastou komplexnej rekonstrukcie bolo vybudovanie
novej kolajovej trate. V silade s poziadavkami na budicu prevadzku
a zivotnost bol v tuneli navrhnuty bezstrkovy elektrickovy zvrSok
typu pevnd jazdna drdha. Kolaj ma rozchod 1000 mm. Trat'v tuneli
je takmer priama, smerové obliky sa nachddzajui iba v blizkosti por-
talov tunela.

Skladba konstrukcie kolajovej trate je takdto:

— zliabkovd kolajnica NT1,

— pruzné podkladnicové upevnenie kolajnic s kotevnymi skrutka-

mi,

— uzatvoreny kryt po droven temien kolajnic z beténu,

— podkladnd beténova doska hribky 245 mm z beténu C30/37, pri

spodnom okraji vystuzend ocelovou sietou,

— elastickd rohoZ uloZend po celom obvode prierezu ,,vane® pre

konstrukciu kolaje,

— podkladova vrstva z filtratného beténu sliziaca ako drendzna

a protimrazova vrstva. )

Plan pod kolajovou tratou bola vyhlbend na skalné podloZie, pri-
¢om boli odstrdnené povodné prvky odvodnenia. Vybratd bola aj
nefunk¢énd vodovodnd ocelova rira priemeru 600 mm, nachddzajica
sa pod kolajovou tratou, ktord nebola odstranend pocCas predoslej
rekonstrukcie. Vzniknuty priestor bol vyplneny zhutnenym drvenym
kamenivom frakcie 32/63 aZ po droven vrstvy z drendZneho beténu
(obr. 4).

Odvodnenie tunela odvddza vodu z horninového masivu zvddzand
prie¢nymi zvodmi spoza ostenia, resp. prenikajicu priesakmi cez
ostenie. Prie¢ne zvody cez ostenie su napojené do dvoch pozdlznych
zberaCov umiestnenych pri oboch opordch, ktoré su pri oboch porta-
loch cez Sachty prepojené do potrubi napojenych do verejnej kanali-
zacnej siete. Do odvodnenia je napojené aj povrchové odvodnenie
kolajovej trate.

V celom rozsahu tunela st vybudované nové chodniky vytvarajui-
ce unikové cesty v pripade mimoriadnej situdcie. Pod severnym
chodnikom boli vybudované chranickové trasy pre vedenie silnopru-
dovych a slabopriidovych kdblovych vedeni. Chodniky st vybavené

Obr. 7 Prdce pred vychodnym portdilom tunela
Fig. 7 Working in front of the eastern tunnel portal

— elastic mat installed on the entire surface of the “tub” housing

the track structure,

— a sub-base layer of porous concrete serving as a drainage and

frost blanket course.

The excavation for the roadbed was carried out up to the bedrock
level. Original elements of the tunnel drainage were removed
during the excavation. The 600mm-diameter out-of-service steel
pipeline which was found under the track, which had not been
removed during the previous reconstruction, was removed. The ori-
ginating space was backfilled with compacted 32/63-fraction crus-
hed aggregate up to the porous concrete layer level.

The tunnel drainage system evacuates water from the rock mass
which is collected by cross drains from the outer side of the lining
or seeping through the lining. The cross drains passing through the
lining are connected to two longitudinal sewers running along both
side walls. The sewers are connected via shafts to the public sewe-
rage network at both portals. The drainage on the tram track surfa-
ce is also connected to the drainage system.

New walkways, forming escape routes in the case of an incident,
are built throughout the tunnel length. Cableways for heavy current
and light current cables were installed under the northern walkway.
The walkways are equipped with handrails, guidance lighting, safe-
ty marking and marking of the distance to the nearest escape exit.

The existing elevated water line was replaced by an 800mm-dia-
meter ductile cast iron pipeline placed into an underground reinfor-
ced concrete duct running next to the rail track, along the southern
sidewall. The duct is covered throughout its length with precast
slabs. The water pipeline was extended in front of both portals
during the reconstruction, The extensions were placed in
a reinforced concrete duct, similarly to the pipeline inside the tun-
nel. On the one hand, the decision that the pipeline would be exten-
ded complicated the course of the reconstruction, but on the other
hand, it brought an unambiguous positive in the form of the exclu-
sion of a possibility of disrupting the tram traffic in the case of
a defect on the pipeline.

A new catenary system was installed throughout the tunnel
length. The catenary is supplied with power by cables installed in
cableways under the walkway. New operating lighting was installed
in the tunnel in the form of lighting fixtures located under the cei-
ling and emergency fire lighting in the form of fixtures above both
walkways, which are attached to the handrails. The lighting will be
switched on during the tram traffic operation time.

Both galleries linking to the tunnel, which had not been used for
a long time, were also reconstructed. The gallery leading to Palisady
Street will be again used as an escape route. The reconstruction
covered the exit spaces in Palisddy Street and the substructure inc-
luding the drainage. An automatic booster pump station and an
emergency power supply unit are installed in the original air-raid
shelter (the gallery leading to Skalnd Street). They serve to supply
the hydrant line with water. The gallery which led from the shelter
to the space next to the portal was blinded because a multifunctional
building was under construction in the area of operations.
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drzadlami, orientacnym osvetlenim a bezpe¢nostnym znac¢enim ako
aj znackami so vzdialenostami k tnikovym vychodom.

Existujice nadzemné vodovodné potrubie bolo nahradené potru-
bim z tvédrnej liatiny priemeru 800 mm uloZenym do podzemného
Zelezobeténového kandlu umiestneného vedla kolajovej trate pri juz-
nej opore tunela (obr. 6). Kandl je v celej dizke prekryty prefabriko-
vanymi doskami. Pocas rekonstrukcie boli vybudované aj predlzema
vodovodu pred obomi portdlmi s jeho umiestnenim do Zelezobeténo-
vého kandlu podobne ako v tuneli. Rozhodnutie o predlzem vodovo-
du sice skomplikovalo priebeh rekonstrukcie, prinieslo vSak jedno-
zna¢né pozitivum v podobe vylicenia ohrozenia elektrickovej dopra-
vy v pripade poruchy na vodovodnom potrubi.

V celej dlzke tunela bolo vybudované nové trolejové vedenie.
Napdjanie trolejového vedenia je zabezpecené kdablami umiestnenymi
v chranickdch pod chodnikom. V tuneli je instalované nové prevadz-
kové osvetlenie tunela vo forme svietidiel umiestnenych pod stropom
a poziarne nudzové osvetlenie vo forme svietidiel nad obomi chod-
nikmi, ktoré si pripevnené k drzadlam (obr. 8). Osvetlenie bude
zapnuté pocas prevadzkovej doby elektriciek.

Zrekonstruované boli obe dlhodobo nevyuZzivané chodby napojené
na tunel. Chodba na Palisdady bude opit’ slizit’ ako tnikova chodba,
rekonstruované boli jej vystupné priestory na Palisddach a tieZ spod-
nd konStrukcia, vratane odvodnenia. V pdvodnom protileteckom kryte
(chodba na Skalni) je inStalovand automatickd tlakovd stanica
a ndhradny zdroj elektrickej energie, ktoré slizia pre potrubie poziar-
neho vodovodu. Chodba, ktord viedla z krytu do priestoru vedla por-
talu, bola zaslepend, lebo v dotknutom tizem{ prebieha vystavba poly-
funk¢ného domu.

Dlhodobym problémom zhorSujicim prevddzkovi bezpecnost’

v tuneli boli priesaky horninovej vody do tunela. Pre hodnotenie
zamokrenia bola pouzitd takdto klasifikdcia:
0° — ostenie je suché,
1° — na lici ostenia su vlhké plochy odliSitelné od suchych tmavsim
zafarbenim, dlan ruky ostdva po priloZeni na ne suchd,
2° — na lici ostenia si mokré plochy; voda zo stropu odkvapkava vo
viacsekundovych intervaloch,  resp. nepatrnou rychlostou
stekd po zvislych stendch, mokré plochy sa lesknd,
3° — voda zo stropu padd vo forme dazda, resp. stekd po stendch,
kde sa pripadne objavuji aj malé sustredené vytoky,
4° — velké ststredené vytoky, resp. striekanie vody (tlakova voda).
Na zdklade vysledkov prehliadky v roku 2008 a porovnania
s prehliadkou v roku 1998 bolo vyhodnotenych 24 % dlzky tunela
v stupni zamokrenia 2 a 3 % dlzky v stupni 3. Cielom bolo najmi
odstranit' zamokrenie v stupni 3 a minimalizovat’ prejavy zamokrenia
v stupni 2, najmé nad kolajovou tratou. Na tento tcel bolo navrhnuté
uplné precistenie prienych zvodov v pite ostenia v celej dizke tune-
la a vykonanie injektdZnych pric a radidlnych odlahcovacich vrtov do
ostenia a masivu v najviac zamokrenych pdsoch. Po precisteni zvodov
a navitani odlahCovacich vrtov sa neprejavil ofakdvany pozitivny
efekt na zamokrenie klenby. Po odskusan{ flocementovych injektdzi
masivu za ostenim a chemickych injektdzi klenby do hlbky cca 60 cm
bolo rozhodnuté o vykonani chemickych injektdZi na baze polyuretd-
nu v Sirke klenby 6 m nad kolajovou tratou v pasoch s pretrvavajicim
stupriom zamokrenia 2. Poas rekonstrukcie bolo zainjektovanych cca
600 m? klenby tunela, ¢im sice doslo k zlepSeniu situécie, nie vSak
k dplnému odstraneniu zamokrenia, ktoré sa po extrémne intenziv-
nych zraZkach v priebehu mesiaca mdja 2010 paradoxne prejavovalo
vo vacsom pocte pasov nez pocas celého priebehu rekonstrukcie.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt sk,
TERRAPROJEKT, a. s.

Recenzovala: Ing. Viktoria Chomovd
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Obr. 8 Interiér tunela po rekonstrukcii
Fig. 8 Tunnel interior after reconstruction

Seepage of ground water into the tunnel had been a long-term
problem, reducing the operating safety in the tunnel. The following
classification was applied to assess the degree of wetting:

0° — dry lining,

1° — moist areas on the lining surface are recognisable from wet

areas by darker colour; a palm put on the surface remains
dry,

2° — wet areas are on the lining surface; water drops from the cei-

ling at several-second intervals or flows down on vertical
walls at a very low rate; wet areas glisten,

3° — water falls from the ceiling in the form of a rain or flows

down on walls, where even small concentrated outflows may
appear,

4° — major concentrated outflows or gushing leaks (water under

pressure).

The degree of wetting was assessed on the basis of an inspection
in 2008 and the comparison with the inspection which was carried
out in 1998. Degrees 2 and 3 were determined within 24% and 3%
of the tunnel length, respectively. The objective was first of all to
remove the degree of wetting 3 and minimise manifestations of the
degree of wetting 2, first of all above the rail track. For that reason
it was proposed that the cross drains at the footings of the lining be
cleared throughout the tunnel length and grouting boreholes and
radial relief holes be drilled through the lining and into the rock
mass in the wettest blocks of the lining. Once the clearing of the
cross drains and the relief boreholes had been completed, the anti-
cipated positive effect on the degree of wetting of the vault did not
manifest itself. After trying injections of clay-cement grout into the
rock mass behind the lining and chemical grout into the vault lining
to the depth of 60cm, the decision was made that polyurethane-
based chemical grout would be injected within the vault width of
6m above the rail track in the lining blocks displaying the degree of
wetting 2. About 200m? of the tunnel vault were treated with grou-
ting. Owing to this measure the situation improved, but the com-
plete removal of the wetting was not achieved. Paradoxically, after
extremely intense rains during May 2010, the wetting manifested
itself in a higher number of the tunnel lining blocks than during the
course of the whole reconstruction work.
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VYSTAVBA PODZEMNEJ VODNEJ ELEKTRARNE
SISIMIUT V GRONSKU

CONSTRUCTION OF SISIMIUT UNDERGROUND
HYDROPOWER PLANT, GREENLAND

BORIS CILLIK
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Gronsko je najviacsi ostrov na svete s rozlohou 2 175 600 km?2,
ale len 15 percent tizemia (asi o velkosti Britskych ostrovov) je
trvale bez ladu. ZvySok pokryva lad, dosahujici miestami hribku
az 3000 m. Tento ladovec, pokryvajici priblizne 1,8 miliéna km?2,
Zije iba 56 000 ludi, z ¢oho je 48 000 Inuitov.

Pre pokrytie vlastnej spotreby elektrickej energie, ¢o predsta-
vuje cca 232 mil. kWh, vyuziva Grénsko fosilne palivd (nafta)
a vodné zdroje. Podiel vyroby elektrickej energie z fosilnych
paliv je 59 % a z vodnych zdrojov 41 %.

Prvéd vodnd elektrdreni v Grénsku bola postavend nedaleko fjor-
du Bukse juzne od Nuuku v roku 1993. Menovity vykon ma 30
MW a energia je doddvana vysokonapitovym vedenim cez dva
fjordy. Cez fjord Ameralik ma4 toto liniové vedenie najvécsie roz-
pitie medzi dvoma stoZiarmi 5376 m.

V marci 2007 bola zadatd vystavba daliej podzemnej vodnej
elektrarne v Gronsku, ktord md zabezpecovat dodavku elektrickej
energie pre Sestitisicové mestecko Sisimiut, situované na zdpad-
nom pobrezi asi 200 km za poldarnym kruhom (obr. 1).
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Obr. 1 Mapa Grénska
Fig. 1 Map of Greenland

INTRODUCTION

With its area of 2,175,600 km2, Greenland is the world’s lar-
gest island, but only 15 per cent of this area (the size roughly
corresponding to the size of British Islands) is permanently wit-
hout an ice cover. The remaining area is covered by ice, with the
thickness reaching locally up to 3,000 metres. This glacier, cove-
ring approximately 1.8 million km?2, is the second largest in the
world, after the Antarctic iceberg. The island has the population
only of 56,000, with 48,000 Inuits forming a prevailing part of
this number.

Greenland’s requirements for power, amounting to about 232
million kWh, are satisfied by using fossil fuels (diesel oil) and
water resources. About 59% and 41% of electric energy are
generated from fossil fuels and water sources, respectively.

The first hydropower plant in Greenland was built near the
Bukse fjord south of Nuuk in 1993. The plant has an output of
30 MW. Power is transited via a high-voltage line which crosses
two fjords. The free span of the line across the Ameralik fjord is
5,376 m, making it the longest in the world.

March 2007 saw the commencement of the construction of
another Greenland’s underground power plant, which is planned
to secure supplies of power for Sisimiut, a town with
a population of six thousand, which is located on the western
coast, about 200km beyond the Arctic Circle (see Fig. 1).

CHARACTERISTICS AND BASIC DATA ON THE PROJECT

The power plant is located at the end of the so-called Second
Fjord, about 25km north-east of the town of Sisimiut. Two
15MW turbines will generate power from Tasersuaq Lake water.
The power plant will supply the town via a high-voltage line.

The excavation for all underground structures of the power
plant was carried out using the drill-and-blast technique.

The underground structures comprise:

— An access and services tunnel with a transformer station and

a warehouse;

— Headrace tunnel;

— Tailrace tunnel;

— Underground turbine hall;

— Main lake water intake structure.

Site management:

— Client: Greenland Energy Authority

— Contractor: Istak, Island

— Designer: VST , Island

— Subcontractor: TuCon, a. s., Zilina, Slovakia

Geology

Alkali-feldspar granite, with a variable texture, fine to medi-
um grained and with a variable proportion between quartz and
feldspar, was encountered throughout the mined section of the
project. The rock mass was relatively homogeneous, with local
tectonic disturbances.

Rock mass classification for the mined sections:

.... 30-90
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CHARAKTERISTIKA A ZAKLADNE UDAJE STAVBY

Elektrdren je umiestnend na konci tzv. Second Fjordu asi 25 km
severovychodne od mesta Sisimiut a dve 15 MW turbiny budd
vyrébat elektrickd energiu z vody jazera Tasersuaq. Elektrdren
zdsobuje mesto pomocou vysokonapitového liniového vedenia.

Vylomové prace na vSetkych podzemnych objektoch elektrarne
sa vykondvali pomocou vrtno-trhacich prac.

Podzemné objekty tvoria:

Vstupny a servisny tunel s trafostanicou a skladom;

Hlavny vodny privadzac;

Odtokovy tunel;

Podzemna strojovna elektrdrne;

Hlavny vpust vody z jazera.

Ucastnici vystavby:

Investor: Greenland Energy Authority

Hlavny dodavatel, monitoring: fstak, Island

Projektant: VST, Island

Dodévatel razby: Divizia podzemnych stavieb, TuCon a. s.,
Zilina, Slovensko

GEOLOGICKE POMERY

V celom dseku razeného diela sa vyskytoval alkalicko-Zivcovy
granit s premenlivou textdrou, jemnou az strednou zrnitostou
a premenlivym pomerom kremena a Zivca. Horninovy masiv bol
vcelku homogénny s lokalnymi tektonickymi poruchami.

Klasifikacia horninového masivu v razenych usekoch:

RQD ... 30-90
Q 04-225
Pomer vystrojovacich tried:

Trieda I-IT ................... 88 % vyrazenych dsekov
Trieda III-IV . . ... ... ... ... 12 % vyrazenych dsekov

TECHNOLOGIA, TECHNICKE PODMIENKY, VYKONY

Vstupny a servisny tunel

Zacal sa razit' ako vObec prvy podzemny objekt na celej stavbe
a tvorf ho tunel dlzky 125 m s profilom 26,3 m?2 (obr. 2). K tomuto
objektu patrf aj trafostanica s dlzkou 25 m s profilom 58 m?
a sklad s dlzkou 12 m a s profilom 49 m2. Doba vystavby 15. 10.
2007-13. 11. 2007. Priemerny denny postup Stvorclennej osadky
bol 7,7 m.

Hlavny vodny privadzac

Najvicsi objekt celej stavby mé diilgu 4200 m s profilom 18 m?2
a jeho sicastou je aj pristupovy tunel dlzky 125 m s profilom 26 m2,
vzdivadlovy tunel dlzky 260 a s profilom 22 m?2 a tiklonom 16,5 %
a tlakovy tunel dlzky 400 m s profilom 22 m2 a s tklonom 12,5 %.

Aby sa raziace prace na tomto objekte urychlili, bolo potrebné
hned od zaciatku vytvorit dve nezavislé Eelby (obr. 3). Z toho
dovodu sa priblizne v polovici privadzaca vyrazil pristupovy
tunel, z ktorého sa ndsledne urobili rozrdzky na obe strany pri-
vadzaca (obr. 4).

Pre rychlu odtazbu rozpojenej horniny sa kazdych dvesto met-
rov vyrazil otd¢aci a nakladaci vyklenok objemu 200 m3. Price na
tomto objekte trvali od 1. 11.2007 do 13.7. 2009 aj s dvomi zim-
nymi prestdvkami v trvani 7 mesiacov, ktoré budid spomenuté
v zavere. Priemerny dosiahnuty denny postup bol na tdrovni
12,9 m so Sesttlennou osddku na dvoch stcasne razenych celbach.

Odtokovy tunel

Zaujimavostou 162 m dlhého odtokového tunela s profilom
18 m2 bolo, Ze sa prva polovica tunela razila tpadne so sklonom
10 % az do drovne -14 m pod hladinou mora a druhd polovica sa
razila dovrchne s rovnakym sklonom. Razenie prebiehalo od 10.
6.2008 do 5. 7.2008 a dosahované postupy boli 8,25 m/24 hod.

Na vSetkych doposial spomenutych objektoch sa pouZzila rovna-
ka technoldgia raziacich préc:

Vrtno-trhacie prace:

— dvojlafetovy vrtny voz Atlas Copco L2C poloautomatickym

riadenim so syst¢émom TML (Tunnel Manager Lite);
— odtazba:
— kolesovy naklada¢ Cat 933 s objemom lyZice 2,5 m3;
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Obr. 2 Pohlad na vstupny a servisny tunel po odpale
Fig. 2 A view of the intake and service tunnel after blasting

Percentages of rock mass classes:
Classes I-1I...........ccceeovvieiiinn, 88 % of the mined sections
Classes III-IV .......c.cooovveiiinnee. 12 % of the mined sections

TECHNIQUE, TECHNICAL CONDITIONS, OUTPUTS

The access and services tunnel

The excavation of this 125m long tunnel (the excavated cross-
sectional area of 26.3m?2) was the first of the mining operations
on the project to be undertaken (see Fig. 2). A 25m long space
for a transformer station (excavated cross-sectional area of
58m?2) and a 12m long space for a warehouse (49m?2) were added
to this structure. The construction was carried out from
15/10/2007 through 13th November 2007. The average daily
advance rate achieved by a crew of four was 7.7m.

Headrace tunnel

The largest structure of the entire project is 4,200m long and
its excavated cross-sectional area is 18m2. In addition, there is
a 125m long and 26 m?2 area access tunnel, a 260m long surge
tunnel (cross-sectional area of 22m?2 and gradient of 16.5%) and
a 400m long pressurised tunnel (cross-section of 22m?2 and gra-
dient of 12,5%) forming parts of the tunnel (see Fig. 3).

It was necessary for accelerating the tunnel excavation work
on this structure to operate two independent headings from the
very beginning. For that reason, an access tunnel was driven,
ending approximately at the mid point of the headrace route.
Subsequently, the excavation started from this point, heading to
both sides (see Fig. 4).

Enlargements for a turning and loading bay (the volume of
200m3) were carried out every two hundred metres, to allow fast
removing of the muck. The work on this structure lasted from
01/11/2007 to 13/07/2009, with two 7-month winter breaks,
which will be mentioned in the Conclusion. The average daily
advance rate amounting to 12.9m was achieved by a crew of six,
working simultaneously on two excavation faces.

Tailrace tunnel

The fact that the first half of the 162m long tailrace tunnel with
the cross-sectional area of 18m?2 was driven down a 10% grade
up to the level of 114m under the sea surface, while the other
half was driven uphill on the same grade, was a special feature
of the 162m-long tailrace tunnel excavation. The excavation was
performed from 10/06/2008 to 05/07/2008, with the advance
rates reaching 8.25m per 24 hours.

All driving of all of the above-mentioned structures was carri-
ed out using the following technology:

Drill-and-blast operations:

— an Atlas Copco L2C twin-boom drill rig equipped with semi-

automatic control using the TML (Tunnel Manager Lite)

system;



Obr. 3 Zaciatok razenia pristupového tunela k hlavnému prividzacu
Fig. 3 Commencement of driving the access tunnel to the headrace tunnel

Odvoz rubaniny:

— skldpac Astra 14 m3 3 ks;

— dumper Bell 25D 20 m3 2 ks;

— vyrubové triedy: 1.-IV;

Zaistenie vylomu:

— striekany betén s rozptylenou vystuzou, striekacie zariadenie

Aliva 501;
— doprava domiesavaémi Fratelli Dieci Mix s objemom bubna
2,5 m3;

— skalné kotvy CT, SN dl. 2-4 m v pocte 5-6 ks na 1 m zaberu.

Samotné razenie vrtno-trhacimi prdcami pozostdvalo
z navftania vyvrtov s priemerom korunky 48-51 mm v dlzke do 4
metrov pomocou poloautomatického systému TML, ktory umoz-
noval velmi presné vitanie podla vopred pripravenej vrtnej sché-
my pre kazdy typ profilu a aj pri zmendch smeru. Tymto sa mini-
malizovali neZiaduce nadvylomy a zdroven sa spitne ziskavali aj
informdcie z celého priebehu vitania, ¢o umoznovalo kontrolu
obsluhy vrtného stroja. Na rozpojovanie horniny sa pouZivala
sypkd trhavina DAP, ktord bola najvyhodnejsim logistickym rie-
Senim v tomto odlahlom prostredi. Jedna zlozka trhaviny — dusic-
nan aménny sa dopravoval na stavbu v tzv. bigbagoch s objemom
1 m3, potom sa vysypdval do zmieSavacicho zariadenia, kde sa
priddvala nafta a z neho sa vysypdval hotovy DAP do nabijacieho
voza. Vyvrty sa zafikavali v ¢elbe z nabijacieho voza. V tsekoch
s pritokmi vody sa pouZivala plastickd trhavina typu Minex Eco
s rozbuSkami Nonel, ktoré sa iniciovali zdpalnicou na mieste
odpalu. Na obrysové diery sa pouzivala bleskovica 80 g. Zaistenie
vylomu striekanym beténom a kotvami sa realizovalo podla geo-
logickych podmienok prevazne len lokdlne, pretoZe sa razilo
hlavne vo vystrojovacich triedach 1. a II. KedZze velk4 ¢ast tunela
sa razila v triede I., kde neboli ziadne zaistovacie prvky, velky
doraz pri razeni sa klddol na kvalitné ru¢né a mechanické zaciste-
nie stropu a Celby.

Podzemna strojoviia

Samotnd komora strojovne ma dizku 28 m, irku 11 m a vysku
23 m. Patria k nej aj privddzacie a odtokové chodby s premenlivym
profilom od 7 m2 do 18 m2 s celkovou dlzkou 72 m.

Razenie komory a pridruzenych objektov patrilo k technicky
narocnejSim Castiam na celej stavbe vzhladom na vyZadovanui
velki presnost vylomu, kedZe tvar komory bol zna¢ne kompli-
kovany s mnoZstvom malych prechodov, vyklenkov a premen-
livej vySkovej tdrovne jednotlivych casti komory a ostatnych
objektov.

Razenie sa delilo na dve samostatné etapy. V prvej etape sa
razila vrchnd Cast' komory oblikového tvaru, ukoncend na oboch
strandch v spodnej Casti hranou, na ktord sa zabeténovala Zeria-
vovd dréha. KedZe hrana mala sc¢asti plnit podpernt funkciu pre
Zeriavovu drdhu, musel byt ¢o najviac zachovany jej tvar (obr. 5).
Preto sa pri trhacich prdcach tejto Casti pouzivala ,,metdda
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Loading:

— A Cat 933 wheeled loader with a 2.5m3 bucket;
Muck removal:

— 3 Astra 14m3 dump trucks;

— 2 Bell 25D 20m3 dumpers.

Excavation classes: I.-IV.

Excavation support system:

— steel fibre reinforced shotcrete, an Aliva 501 spraying
machine;

— transport by Fratelli Dieci Mix mixer trucks with 2.5m3 bar-
rels;

— SN-CT rock anchors (2-4m long, 5-6 pieces per 1m of the

tunnel advance).

Blast holes were drilled to the depth of 4 metres using 48-
51mm diameter bits. The TML semi-automatic system allowed
high drilling accuracy following patterns prepared in advance for
each type of the cross-section even when the direction of driving
was to be changed. Owing to this procedure overbreaks were
minimised and, at the same time, data on the complete course of
drilling was collected, allowing checks on the operation of the
drilling rig. Rock was disintegrated by DAP loose powder explo-
sive, which was the most suitable solution in terms of logistics
in the given remote environment. One component of the explo-
sive, ammonium nitrate, was transported to site in 1m3 biode-
gradable bags. It was discharged into a blender where it was
mixed with diesel oil. The product, finished DAP, was poured
into a charging unit. Blast holes were filled by blowing-in at the
face from a charging platform (Manitou). Plastic explosive of the
Minex Eco type with Nonel detonators were used in the sections
where water inflows were encountered. Blasting fuse was appli-
ed for ignition at the blasting spot. An 80g detonating fuse was
used for contour holes. The excavation was supported by shotc-
rete and anchors, depending on geological conditions, mostly
only locally because the excavation mainly passed through exca-
vation support classes I and II. Since a significant part of the tun-
nel was driven through class I, where no support elements were
required, a great stress was placed during the excavation on
high-quality manual and mechanical scaling of the ceiling and
the excavation face.

Underground turbine hall

The turbine hall itself is 28m long, 11m wide and 23m high.
Inlet and outlet tunnels with cross sections varying from 7m?2 to
18 m2 and the total length of 72m are also part of the hall exca-
vation.

The excavation of the cavern and adjacent tunnels was one of
technically more complicated parts of the whole project because
of requirements for high accuracy of the excavation contour. The

Obr. 4 Odtazba v hlavnom privddzaci
Fig. 4 Muck loading in the headrace tunnel
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Obr. 5 Kaverna podzemnej strojovne so zabetonovanou Zeriavovou drdhou
Fig. 5 The cavern for the underground turbine hall with the concrete crane
track casting completed

hladkého vylomu“ navitanim obrysovych dier s maximélnym
odstupom 15-20 cm a pouzitim bleskovice 80 g.

Zaistenie vrchnej Casti komory sa zabezpecilo striekanym betd-
nom s rozptylenou vyztuzou a v celom profile sa zabudovali sys-
tematické SN kotvy dlzky 4 m. V mieste Zeriavovej drdhy sa
zabudovali pod presnym sklonom 6 m SN kotvy, ktoré sa previa-
zali so Zeriavovou drdhou.

Druhd etapa pozostdvala z dorazenia spodnej Casti komory. Pri
razeni spodnej Casti sa k vftaniu vyvrtov pouZzival vrtny voz
Tamrock Comando 300, ktory navitaval zvislé vyvrty a na dosia-
hnutie ¢o najpresnejSieho a rovného povrchu stien komory sa pou-
zila metdda tzv. Presplittingu, kedy sa po obvode navrtali vrty
s odstupom cca 20 cm a odpdlili sa v predstihu pred ostatnou
Castou.

Razenie komory strojovne s pritokovymi a odtokovymi chod-
bami s celkovym objemom 6350 m3 trvalo 45 dni (obr. 6).

Hlavny vpust vody

KedZe na pohon turbin mala sliZit voda z jazera, ktoré obkole-
soval po celom obvode skalny masiv, projektant sa rozhodol na
napojenie jazera a privodného tunela pouzit' metddu, ktord je pou-
Zivand v Norsku. Tdto metéda spocivala v tom, ze k jazeru sa
vyrazil tunel v drovni cca 10 m pod hladinou vody a vo vzdiale-
nosti 3 m od jazera sa vyrazila komora, z ktorej sa navftali na
zistenie presnej vzdialenosti kontrolné vrty do jazera, tieto sa
potom zainjektovali a navftal sa posledny zdber podla presnej vrt-
nej schémy tak, aby jednotlivé vrty boli ukoncené najviac 20 cm
od jazera. Pred tym, ako sa pristipilo k poslednému odpalu, sa
museli dokoncit’ a sprevddzkovat hradidlové vrata, ktoré st vzdi-
alené 70 m od komory.

Posledny odpal do jazera sa dspe$ne vykonal dna 20. 9. 2009,
¢im sa vpustila voda z jazera do privodného tunela. Komora pri
vpuste sliZila na nahromadenie odstrelenej horniny.

Cela Cast' od Sachty s hradidlovymi vratami aZ po napojenie na
jazero bola technicky najndro¢nejSou Castou celej stavby. Pocas
razenia poslednych metrov k jazeru sa postupovalo velmi opatrne
a po kazdych 6 m metroch sa navitavali prieskumné 24metrové
vrty. Tieto prace sa vykondvali v obdobi od 10. 5. 2009 do 20. 7.
2009.

ZAVER

Hlavnym faktorom ovplyviiujicim dobu vystavby boli jedno-
znacne klimatické podmienky, ktoré vlddnu v Grénsku za polar-
nym kruhom. V tejto Casti ostrova sa pohybovali teploty
v mesiacoch janudr aZ mdj v hodnotdch od -10 °C az do -38 °C,
v mesiacoch jun az oktéber + 10 °C.

Cely pobyt na stavbe bol pre vSetkych ludi vemi ndro¢ny nie-
len fyzicky, ale aj psychicky, pretoZe stavba bola takmer tplne
izolovand od civilizdcie, hlavne v zimnom obdobi, ked jediné

geometry of the hall was very complicated. It contained many
minor transitions between profiles, recesses and changes in the
level of individual parts of the hall and the other structures.

The excavation sequence was divided into two independent
stages. The vaulted upper part of the hall was excavated in the
first stage. It was terminated on both sides of the bottom by an
edge, allowing concrete crane track plinths to be cast on it.
Because the edge was designed partly to fulfil the function of
a support for the crane track, the design shape had to be followed
as much as possible (see Fig. 5). For that reason the smooth blas-
ting method was applied to this part, requiring contour holes to
be drilled at the maximum spacing of 15-20cm and an 80g blas-
ting fuse to be used.

The cavern top heading was supported by steel fibre reinfor-
ced shotcrete and a system of 4m long SN anchors, which were
installed to the crown and walls. Six metres long SN anchors
were installed at an accurately maintained angle in the location
of the crane track. They were subsequently connected to the
track.

The second stage consisted of completing the excavation of
the lower part of the hall. A Tamrock Comando 300 drill rig was
used for drilling vertical holes during the excavation of the lower
part. The Pre-splitting technique was applied so that as accurate
and straight as possible surface of the hall was achieved (holes
were drilled at the spacing of about 20cm around the circumfe-
rence to be detonated in advance of the remaining part).

The excavation of the turbine hall with the inlet and outlet tun-
nels (the total volume of 6,350m3) took 45 days (see Fig. 6).

Headrace tunnel

Since the turbines were to be powered by water contained in
the lake surrounded around the whole circumference by a rock
massive, the designer decided that a method which is used in
Norway would be applied to the connection of the headrace tun-
nel to the lake. This method required a tunnel to be driven up to
the lake, at the level of about 10m under the lake surface, and
a chamber to be mined at the distance of 3m from the lake.
Check boreholes were drilled from the chamber to the lake to
determine the exact distance. The boreholes were subsequently
filled with grout. The drilling for the last round was carried out
following an exact pattern securing that individual holes did not
end closer to the lake than 20cm. A stop log gate, which is found
at the distance of 70m from the chamber, had to be completed
and operational before proceeding to the last blasting.

The last blasting, connecting the tunnel to the lake and letting
lake water into the headrace tunnel, was successfully carried out
on 20/09/2009. The chamber at the inlet structure was used for
deposition of the muck.

The whole part between the log gate up to the connection to
the lake was the technically most complicated part of the entire
project. The excavation proceeded with a great care when the
last metres were being completed. Probe holes 24m long were
drilled after each 6m long advance. The above operations were
performed from 10/05/2009 to 20/07/2009.

CONCLUSION

The main factor affecting the construction time were unambi-
guously climatic conditions existing in Greenland, behind the
Arctic Circle. Temperatures in this part of the island ranged from
-10° C to do -38° C from January to May and +10°C from June
to October.

The entire stay on site was very demanding for all people, not
only physically but also psychically, because the construction
site was nearly completely isolated from civilisation, first of all
in the winter season The only link to the surrounding world was
using a snow scooter or a helicopter. This was one of the rea-
sons why really perfect working and off-working conditions
were created for the working team. Each employee had his own
room with a bathroom, Internet/WiFi network connection etc.

available.
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Obr. 6 Priecny rez kaverny podzemnej strojovne
Fig. 6 Cross-section through the underground turbine hall

spojenie s okolitym svetom je moZné iba pomocou sneZnych sku-
trov, pripadne vrtulnikom. Aj z tohto dévodu boli vytvorené pre
pracovny tim skutoCne vynikajice pracovné a mimopracovné
podmienky. Kazdy pracovnik mal k dispozicii vlastni izbu so
socidlnym zariadenim, wifi internetové spojenie a pod.

V Grénsku je eSte zachovand panenskd divocina a v okol{ stav-
by sa pohybovalo mnoZstvo zvierat ako poldrne lisky, soby, zaja-
ce. Vo februdri 2008 bol na stavbe vyhldseny stav zvySenej opatr-
nosti, pretoZe v okoli stavby boli spozorované ladové medvede,
¢o nie je normalny jav, pretoze ich teritériom su ladové kryhy na
mori a nie vnitrozemie. Z tohto ddévodu boli rozmiestnené po
stavbe strelné zbrane a pracovnici boli pouceni, ako sa maju
zachovat’ pri strete s touto Selmou.

Vsetka elektrickd energia potrebnd na prevddzku stavby sa
vyrdbala pomocou naftovych generdtorov, ktoré spotrebovali
priblizne 5-6 tis. litrov denne, takZe najddlezitejSou logistickym
surovinou bola nafta, ktord sa dopravovala tankermi a ukladala do
obrovskych zdsobnikov s kapacitou 300 tis. litrov. KedZe pocas
prvého roku vystavby v zime fjord zamrzol o mesiac skor ako sa
predpokladalo, nebolo mozné doplnit’ zdsobniky a price na jed-
nom z troch pracovisk v tuneli sa museli zastavit, aby vydrzala
zasoba nafty do obnovenia plavebnej cesty po fjorde. Pra-
covnikom hlavného doddvatela sa v marci 2008 podarilo prestrie-
Tat’ Tad a uvolnit’ tak cestu pre tanker, takZe sa mohlo ndsledne
pokracovat’ v pracach. Fjord bol potom znova zamrznuty az do
konca mdja, takze v aprili 2008 musel pripldavat’ddnsky ladoborec,
aby vytvoril plavebny koridor pre dalii tanker.

Vdaka obetavej praci na vysokej profesiondlnej drovni pracov-
nikov doddvatelov, vdaka spoloénému tsiliu a dobrej koordinacii
vSetkych zainteresovanych stran sa podarilo spustit’skisobnu pre-
vadzku elektrarne uz v novembri 2009 a 7. aprila 2010 bola elek-
trdren Sisimiut odovzdand do uZivania zdstupcom investora —
Groénskej energetickej spolo¢nosti.

ING. BORIS CILLIK, boris.cillik@tucon.sk, TuCon, a. s.

Recenzoval: Ing. Miloslav Frankovsky

Virgin wilderness has been preserved in Greenland, therefo-
re many animal species moved in the vicinity of the construc-
tion site, such as polar foxes, caribous, hares etc. A state of
increased care was declared on site in February 2008 because
of spotting polar bears in the vicinity. This behaviour was not
normal because their territory is on ice floes in the sea, not in
the inland. This was why firearms were set out on site and wor-
kers were informed how to behave in the case of encountering
this beast.

All electric power required for the construction and the con-
struction facilities was generated by diesel generating sets,
which daily consumed 5-6 thousand litres of fuel. Diesel oil
was therefore the most important material in terms of logistics.
It was brought by tankers and was stored in huge tanks with the
capacity of 300 thousand litres. Because of the fact that the
fjord froze over in the first year’s winter a month earlier than
expected, it was not possible to replenish the tanks. The work
at one of the three workplaces in the tunnel had to be suspen-
ded so that the fuel stock could be kept until the waterway in
the fjord was renewed. Employees of the main contractor mana-
ged to clear the ice from the waterway by blasting in March
2008. The access for a tanker was open, therefore the work
could subsequently proceed without restraints. Then the fjord
was frozen over again, till the end of May. A Danish icebreaker
had to arrive in April 2008 to create a floating corridor for anot-
her tanker.

Thanks to the devoted, highly professional work of employees
of contractors, owing to the joint effort and good coordination of
all parties to the project, the commissioning of the power plant
successfully started as early as November 2009 and the Sisimiut
power plant was handed over to the representatives of the client,
Greenland’s power company.

ING. BORIS CILLIK, boris.cillik@tucon.sk, TuCon, a. s.
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STAVBA VYTAHU DO STANICE METRA NARODNI TRIDA

IMPLEMENTATION OF A LIFT STRUCTURE IN NARODNI TRIDA
METRO STATION

JAROSLAV SIMA, TOMAS ZDRAZILA

uvob

Lokalita kolem stanice Ndrodni trasy B prazského metra pro-
chazi rozsdhlou revitalizaci. Jeji souldsti je také zajiSteén{
dostupnosti stanice metra osobam s omezenou pohyblivosti.

Podle projektu pro né budou v misté vybudovany dvé dvojice
vytaht. Prvni dvojice o nosnosti 1200 kg s dopravni vyskou
28 m povede z ulice M. Rettigové, navazujici na Lazarskou ulici,
do prestupni chodby. Tou se cestujici dostanou ke druhé dvojici
vytaht s nosnosti rovnéz 1200 kg, ktera je dopravi na tdrovefi
néstupisté stanice Ndrodni. Dopravni vyska téchto vytahu je
10,9 m.

Ze stavebniho hlediska jde o hloubenou $achtu S1 ovalného
prufezu, na kterou navazuje prestupni chodba budovand ze dvou
na sebe navzdjem kolmych velmi krétkych Stol (prestupni chod-
by CH1 a CH2). Pfestupni chodba je spojena s vlastni stanici
druhou hloubenou Sachtou S2 obdélnikového prafezu, kterd dsti
na ndstupi$té stanice metra.

GEOLOGICKE A GEOTECHNICKE
POMERY ZAJMOVEHO UZEMI

Zéajmové uzemi je podle regionélniho ¢lenéni reliéfu fazeno do
geomorfologického celku Prazské ploSiny a geomorfologického
okrsku Prazské kotliny. NdleZi k Barandienskému sedimentacni-
mu prostoru ordovického stdfi. Jde o liniovou depresi, kterd se
vyskytuje mezi Plzni a Prahou a nofi se vychodnim smérem od
Prahy do podlozi Ceské kiidové panve. PodloZi tvoii jilovité,
prachovitojilovité az prachovité bridlice tmavosedé az Cerné
barvy s vloZkami slidy, misty obsahujici jilovitopisc¢ité konkrece
s karbondtovym tmelem.

Kvartérni pokryv v zdjmovém vzemi tvoii navdzky a fluvidlni
sedimenty feky Vltavy.

Nejsvrchnéjsi poloha kvartérniho pokryvu je tvofena ruznoro-
dou navézkou. Jeji mocnost byla zastiZzena v rozmez{ 4—7 metru.

HYDROGEOLOGICKE POMERY

Podzemni voda se pohybuje na k6té 188 m n. m. a v dané loka-
lit¢ byla zastizena v hloubce 9,5 m pod terénem. V pokryvnych
ttvarech je prulinovd, ve skalnim podkladu puklinové propust-
nost. Pfi vlastni razbé byla vydatnost pritoki mald. Zajisténi
jamy prevrtdvanymi pilotami bylo proto dostate¢né, pouze
v mistech mikropilot a na nékterych mistech ¢elby chodeb sté-
kala voda po puklindch po osténi a musela byt preCerpana na
povrch.

ARCHEOLOGICKY PRUZKUM

Archeologickému pruzkumu slouZila jdma s rozméry 6x4 m,
zajisténd I profily ¢. 240 a plnym paZenim pazZnicemi union.
Mapovani a zkoumadni jednotlivych vrstev provadéla specializo-
vana firma, kterd zajiStovala i rozpojovani a naloZeni vykopku
do té€Znich beden.

Na misté byly nalezeny drobné tlomky kosti a néddob
a mohutnd kamenn4 zed, §irokd 1,2 m, kterd vedla pfes celou
Sestimetrovou $itku jamy. Méla klenbovy tvar a do hloubky

INTRODUCTION

The location around Narodn{ Tfida station of the Prague metro is
passing through extensive revitalisation. The task to secure accessibi-
lity of the metro station for passengers with reduced mobility is also
solved by the design.

According to the design, two pairs of lifts will be built for them.
The first pair, with the loading capacity of 1,200kg and the lifting
height of 28m, will lead from M. Rettigové Street, connecting to
Lazarskd Street, to a transfer gallery. Passengers will get through this
gallery to the other pair of lifts, having the same loading capacity,
which will carry them to the platform level of Nédrodni Tfida station.
The lifting height of this pair of lifts is 10.9m.

From the structural point of view, the structure consists of shaft 1,
oval in ground plan, with a transfer gallery connecting to it. The gal-
lery is built from two very short galleries, perpendicular one to the
other (transfer galleries CH1 and CH2). The transfer gallery is conne-
cted with the station itself via shaft S2 with a rectangular cross-secti-
on, the end of which is on the metro station platform.

GEOLOGICAL AND GEOTECHNICAL CONDITIONS WITHIN
THE AREA OF OPERATIONS

According to the regional division of the relief, the area of operati-
ons is categorised as a part of the Prague Plateau geomorphological
unit and the Prague Basin geomorphological district. It belongs to the
Ordovician age Barrandean sedimentation area. This is a linear
depression existing between Plzen and Prague, dipping east of Prague
to the basement of the Bohemian Cretaceous Basin. The bedrock con-
sists of clayey, silty-clayey to silty shales of dark-grey to black colour,
with micaceous interlayers, locally containing clayey-sandy concreti-
ons with a carbonate binder.

The Quaternary cover within the area of operations comprises made
ground and fluvial sediments of the VItava River.

The highest layer of the Quaternary cover consists of variable made
ground. The thickness of this layer was encountered within the range
of 4 — 7 metres.

HYDROGEOLOGICAL CONDITIONS

Ground water fluctuates about the level of 188m a.s.l.; in the parti-
cular location it was encountered 9.5m under the surface. Interstitial
water is found in the surface deposits, while fissure water is in the
bedrock. The inflow rate during the excavation itself was low. The
excavation pit support by secant piles was therefore sufficient. It was
only in the locations of micropiles and in some places of the faces of
the galleries that water flew along fissures downwards on the lining
and had to be pumped to the surface.

ARCHAEOLOGICAL SURVEY

The archaeological survey was carried out in a 6 x 4m pit, the walls
of which were supported by H sections No. 240 and full bracing pro-
vided by UNION sheet piles. Mapping and examination of individual
layers was carried out by a specialist company, which also ensured
disintegration and loading of the excavated material into skips.

Small fragments of bones and vessels were found on the spot, as
well as a massive 1.2m thick stone wall, running across the whole 6m
wide pit. Its shape was vaulted and its bottom was not found up to the



Obr. 1 Stavbari si museli poradit i na velmi malém prostoru stavenisté
Fig. 1 Builders had to cope with the construction despite the very small space
available for site facilities

péti metri, kam vedl archeologicky prizkum, nebyla nalezena
pata zdi z levé ani pravé strany. Navazujici georadarovy pra-
zkum ukdzal, 7e zed pokraCuje z jedné strany pod kostel
Nejsveétéjsi Trojice v sousedstvi stavby a z druhé strany
k budové banky. Vzhledem k tomu, Ze by byla prekdzkou pro
vyvrtani pilot a ve spojeni se stavebni jadmou by mohla pfena-
Set otfesy do okolnich objektu, bylo rozhodnuto o jejim postup-
ném odbourdni.

Zéroven byly v mistech kolize pilot s kamennou zdi vybudo-
vany dvé nové hloubené Sachty rozméri 2x2 m pro potieby
archeologického vyzkumu. Sachty zed prerugily a diky nim také
mohli archeologové nalézt v hloubce sedmi metrt patu zdi.

MERENI BEHEM VYSTAVBY

Béhem vystavby byly monitorovany nésledujici ukazatele:
deformace vyrubu (konvergenéni méfeni), zatiZzeni primarniho
osténi a deformace povrchu. Prabézné bylo provddéno méfeni ve
stdvajicich tunelech metra, méfeni geodetickych bodu na objek-
tech, meéfeni trhlin a jejich zmén. Monitoring se vztahoval také
na rozvoj poruch objektd, na objekty nadzemni zdstavby a na
inZenyrskogeologické poméry. Kontrole podléhaly i tiéinky trha-
cich praci.

TECHNICKE RESENI A TECHNOLOGIE VYSTAVBY

Jak je uvedeno v dvodu ¢lanku, predmétem projektu je bezba-
riérové zpristupnéni stanice Néarodni trasy B prazského metra.
Pocitd s dvojici vytahu s dopravni vySkou 28,03 m, kterd je
umisténa do hloubené Sachty S1. Na ni navazuje podzemni pre-
stupni chodba, tvorend dvéma kratkymi na sebe kolmymi Stola-
mi (pfestupni chodba CH1 a CH2). Z chodby CH2 vede hloube-
né 3achta $2, ve které je umisténa dvojice vytaha s dopravni vys-
kou 10,92 m a pevné schodisté.

POSTUP VYSTAVBY SACHTY $1

Sachta hloubky 30,38 m ma ovélny priifez a vnitini primér
jejiho osténi je 7,118x5,14 m. Osténi je dvoupldstové
s mezilehlou izolaci.

Zpocatku byla hloubena z povrchu zhruba 5 m v navazkach,
ddle zhruba 8 m ve fluvidlnich sedimentech a v hloubce 13 m
bylo zastiZeno skalni podlozi, které bylo dal§ich zhruba osm
metrd ovlivnéno procesy zvétravani. Hloubeni Sachty bylo
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depth of five metres to which the archaeological survey reached, neit-
her from the left side nor the right side. The subsequent georadar sur-
vey showed that the wall continued on one side under the Church of
the Holy Trinity adjacent to the site and, on the other side, toward the
building of a bank. Because it would have been an obstacle for dril-
ling for piles and, connected with the construction pit, it could have
transmited vibrations to adjacent buildings, the decision was made
that the wall was to be gradually broken away.

At the same time, two new shafts 2x2m in ground plan were carri-
ed out in the locations of the collision of the piles with the stone wall,
allowing further archaeological investigation to be conducted. The
shafts cut the wall and, in addition, they allowed archaeologists to
uncover the bottom of the wall at the depth of seven metres.

MEASUREMENTS DURING THE COURSE
OF THE CONSTRUCTION

The following indicators were monitored during the course of the
construction: excavation deformation (convergence measurements),
loads acting on the primary lining and deformations of the surface.
Continual measurements were carried out in the existing metro tunne-
Is, as well as measurements on survey points on buildings and measu-
rements of cracks and their changes. The monitoring also covered the
observation of the development of defects of buildings, existing buil-
dings and engineering geological conditions. Effects of blasting ope-
rations were also subjected to checking.

TECHNICAL SOLUTION AND CONSTRUCTION TECHNIQUE

As mentioned at the beginning of the article, the subject of the pro-
ject is the creation of a step-free access to Ndrodni Ttida station of the
Prague metro. The design comprises a pair of lifts with the lifting
height of 28.03m, which are installed in shaft S1. Two short underg-
round transfer galleries, perpendicular one to the other (transfer galle-
ries CHI and CH2) link to this shaft. Shaft $2, containing a pair of
lifts with the lifting height of 10.92m and a fixed staircase, will be
constructed from CH2 gallery.

SHAFT $1 CONSTRUCTION PROCEDURE

The 30.38m deep shaft structure is oval in ground plan; the inner
diameter of its lining is 7.118x5.14 m. The lining consists of two
shells with an intermediate waterproofing layer between them.

In the beginning, the shaft was sunk from the surface, approximate-
ly 5m through made ground and then roughly 8m through fluvial sedi-
ments. The bedrock was encountered at the depth of 13m. The bedrock
was affected by weathering to the depth of additional 8 metres. The
shaft sinking proceeded in 1m deep rounds — each subsequent round
was excavated only when the full primary lining ring in the previous
round had been completed.

The surface of the pile wall was provided with a 200mm thick layer
of C20/25 shotcrete once it had been exposed by the excavation. When

Obr. 2 Stavenisté bylo tésné zejména tézké technice
Fig. 2 The site was too small first of all for heavy equipment
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Obr. 3 Stavba vytahu do stanice metra Ndrodni byla vedle kostela Nejsvétejsi
Trojice

Fig. 3 The lift to Ndrodni Trida metro station was built adjacent to the
Church of the Holy Trinity

provadéno po zdbérech 1 m — kazdy dalsi se dobiral az po tpl-
ném zajiSténi (vystrojeni) predchoziho zdbéru prstencem pri-
madrniho osténi.

Povrch pilotové stény byl po odtéZeni zastfikdn vrstvou stii-
kaného betonu C20/25 v tloustce 200 mm. V rozsahu pokryv-
nych dtvara byla Sachta zajiSténa st€nou z prevrtdvanych beto-
novych pilot (beton C20/25, vyztuz 10505R), zapusténou do
skalniho podloZi. Pro hloubeni §achty S1 bylo pouZito 38 pilot,
které maji prumér 900 mm, osovou vzddlenost 547,95 mm
a kazdd je dlouhd 14 m. V misté, kde Sachta priléhd k zdkladim
kostela, nebylo mozné vzhledem k vySkové kolizi s fimsou kos-
tela zapustit Ctyfi prevrtdvané piloty. Proto byly nahrazeny mik-
ropilotami priméru 240 mm na Sachovnicovém pudorysu ve
vzdjemné vzdalenosti 320 mm. Navic byly vyztuZeny ocelovou
trubkou pruméru 89/10 mm. Béhem hloubeni byly mikropiloty
pfi kazdém zaberu zastiikdny vrstvou stiikaného betonu (C20/25
tlouStky 400 mm) se dvéma polohami vyztuznych svarovanych
siti 150x150/8x8 mm.

Primérni osténi hloubené Sachty pod pilotami tvoii ovélné
osténi ze stiikaného betonu C20/25 tloustky 250 mm, vyztuZené
v kazdém zdbéru ocelovym piihradovym obloukem a dvéma
polohami vyztuznych svafovanych siti 150x150/8x8 mm, dopl-
nénych podle potfeby systémovym kotvenim svorniky SN.
Piihradové oblouky jsou trojihelnikového prufezu, nosné pruty
jsou z profild ¢ 25 mm a 2x ¢ 16 mm.

Pfi hloubeni Sachty byla v drovni pod 11. metrem vytvofena
Cerpaci jimka. Definitivni jimka pro trvalé Cerpani vody byla
vybudovéna po vytéZeni Sachty v jejim dné.

Soubézné s odtéZzovanim a zajiStovdnim osténi bylo pro pri-
stup osob do Sachty budovdno lezni oddéleni. Vedle ného bylo
také technické oddéleni Sachty, opatfené ocelovym roStem pfi-
kotvenym k osténi Sachty, kde bylo upevnéno potrubi technolo-
gickych zafizeni.

TECHNOLOGIE VYSTAVBY PRESTUPNICH
CHODEB CH1 A CH2

Stoly (pfestupni chodby CH1 a CH2) byly raZzeny Novou
rakouskou tunelovaci metodou (NRTM). Rozpojovani hornin
probihalo vzhledem k zastiZenym inZenyrskogeologickym

Tuel

passing through the surface deposits, the shaft excavation was sup-
ported by a secant pile wall (C20/25 concrete, reinforcement steel
10505R), which was embedded in the bedrock. A total of 38 piles
900mm in diameter were used for shaft S1 sinking. The piles were
installed at 547.95mm centres; each of them was 14m long. In the
location where the shaft was bounded by foundations of the church,
four secant piles could not be installed because of a collision with the
church cornice. For that reason they were replaced by 240mm-diame-
ter micropiles, which were installed in a staggered pattern, at 320mm
spacing. In addition, the piles were reinforced by a 89/10mm steel
tube. During the excavation, the micropiles were provided in each
excavation round with a 400mm thick layer of C20/25 shotcrete with
two layers of 150x150/8x8 mm welded mesh.

The primary support of the shaft underneath the piles consists of an
oval, 250mm thick shotcrete lining (concrete grade C20/25), reinfor-
ced in each round by one lattice arch oval and two layers of welded
mesh150x150/8x8 mm, with a system of SN-anchors added if requi-
red. The lattice arches are triangular in cross-section, with ¢ 25mm
and 2x ¢ 16mm profiles used for the load-bearing rods.

A pumping sump was created during the shaft sinking operations
under the 11th metre depth level. The final sump for permanent water
pumping was constructed at the shaft bottom when the excavation had
been finished.

A ladder compartment was being established simultaneously with
the shaft excavation and installation of the lining to allow access of
persons to the shaft. A shaft services compartment ran in parallel with
the ladder compartment. It was equipped with steel ladders anchored
to the shaft lining, supporting service pipelines.

TRANSFER GALLERIES CH1 AND CH2 - CONSTRUCTION
TECHNIQUE

The galleries (transfer galleries CH1 and CH2) were driven using
the New Austrian Tunnelling Method (the NATM). Taking into consi-
deration the encountered engineering geological conditions, ground
was disintegrated mechanically by a JCB 8032 backhoe with
a hydraulic hammer attachment. From the third metre of the top hea-
ding excavation in gallery CHI1, the drill-and-blast was also used,
combined with mechanical scaling. A twin-shell lining with interme-
diate waterproofing was designed for the galleries.

The primary support consists of shotcrete, lattice girders, welded
mesh and anchors; the top heading stability was secured by forepoling
using grouted IBO anchors. The C20/25 shotcrete differs from stan-
dard shotcrete in increased requirements for the strength gain with
time in the initial stage after the application. In initial minutes it
affects the ability to apply concrete layers of required thickness even
in the excavation crown and influences dust emissions and rebound
rate during the shotcrete application. The lining was carried out in
“technologically conditioned” layers, the thickness of which was spe-
cified by the proposed technological procedure (initial spray on the
excavated surface and its stabilisation, installation of the first layer of
mesh and lattice girders, application of shotcrete on lattice girders,
installation of the second layer of mesh, application of additional
shotcrete to reach the design thickness of the primary lining. Shotcrete
was applied from side walls up to the vault crown so that the incorpo-
ration of the rebound into the gallery lining was prevented.

The gallery profile was divided horizontally into the top heading,
bench and bottom.

The top heading was provided with a 350mm thick layer of C20/25
shotcrete reinforced with two layers of 150x150/8x8 mm welded mesh
and lattice girders. Stability of the top heading excavation was improved
by forepoling consisting of pre-drilled IBO anchors (¢ 32mm, 6m long,
at 250mm spacing) installed in every third round. SN anchors (¢ 25mm,
4m long, minimum loading capacity of 150kN) were used for the ancho-
ring system. The top heading bottom had to be reinforced by a 200mm
thick layer of C20/25 shotcrete with one layer of 150x150/8x8mm mesh
to be able to carry tunnelling equipment moving on it.

The bench excavation was stabilised by a 350mm thick layer of
C20/25 shotcrete with two layers of 150x150/8x8mm mesh and latti-
ce girders, the same as in the top heading. SN anchors (¢ 25mm, 4m




Obr. 4 Pohled na postup vystavby Sachty S1
Fig. 4 View of shaft SI construction process

pomérum mechanizované pomoci bagru JCB 8032 s pod-
kopovou 1zici a bouracim kladivem. Od tfetiho metru kaloty
chodby CHI také s vyuzitim stfelnych praci a dociStovanim
lice vyrubu mechanizované. Bylo zvoleno dvoupldstové osténi
s mezilehlou izolaci.

Primdrni osténi je tvoreno stfikanym betonem s vyztuznymi
prihradovymi oblouky, vyztuznymi sitémi a kotvami, stabilitu
pristropi zajistilo jehlovani z injektovanych IBO ty¢i. Stiikany
beton C20/25 se od normového 1isi zvySenymi pozadavky na
nérast pevnosti v ¢ase v poldtecnim stadiu po nastifkdn{ osténi.
V prvnich minutdch ovliviiuje schopnost nandSet vrstvy betonu
potrebné tloustky i ve vrcholu profilu a méd vliv na prasnost
a spad pri vlastnim ndstfiku. Osténi bylo provedeno po ,,techno-
logicky podminénych* vrstvach, jejichz tloustka je ddna navrze-
nym technologickym postupem (prvotni néstfik a stabilizace lice
vyrubu, osazeni prvni vrstvy siti a ramenatu, zastiikdni ramena-
ti, osazeni druhé vrstvy siti, dostiikdni do projektované tloustky
primérniho osténf{). Néstfik probihal zdsadné od opéfi k vrcholu
klenby, aby nedochdzelo k zastfikdni spadaného betonu do osté-
ni Stoly.

Profil $toly byl horizontdlné rozélenén na kalotu, opéfi
a poc¢vu.

Kalota byla zastfikdna vrstvou stfikaného betonu C20/25
tloustky 350 mm se dvéma vrstvami sit¢ 150x150/8x8 mm
a prihradovymi oblouky. Stabilitu pfistropi zajistily predvrtava-
né injektované IBO tyce (¢ 32 mm, délka 6 m, rozte¢ 250 mm)
v kazdém tfetim zdb€ru. Pro systémové kotveni byly pouzity
kotvy SN (¢ 25 mm, délka 4 m) s minimdlni dnosnosti 150 kN.
Dno kaloty muselo byt zpevnéno pro pojezd mechanismu vrst-
vou stfikaného betonu C20/25 tloustky 200 mm s jednou sit{
150x150/8x8 mm.

Opéri bylo stejné jako kalota zastiikdno vrstvou stfikaného
betonu C20/25 tlouStky 350 mm se dvéma vrstvami sité
150x150/8x8 mm a prihradovymi oblouky. Pro systémové kot-
veni byly pouZity kotvy SN (g 25 mm, délka 4 m) s poZadovanou
uinosnosti 150 kN. Také dno opéfi bylo zpevnéno vrstvou strika-
ného betonu C20/25 tloustky 150 mm s jednou siti
150x150/8x8 mm. Pobirdni opéfi bylo zahdjeno az po odtéZeni
kaloty v celé délce chodeb CH1 a CH2.

Poéva byla zajisténa vrstvou stfikaného betonu C20/25
tloustky 350 mm se dvéma vrstvami sité 150x150/8x8 mm
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long, required loading capacity of 150kN) were used for the anchoring
system. The bench bottom was also reinforced by a 150mm thick layer
of C20/25 shotcrete with one layer of 150x150/8x8mm mesh. The
bench excavation started only when the top heading excavation had
been completed throughout the length of galleries CH1 and CH2.
The bottom was stabilised by a 350mm thick layer of C20/25 shotc-
rete, two layers of 150x150/8x8mm mesh and lattice girders. SN anchors
(¢ 25mm, 4m long, required loading capacity of 150kN) were used for
the anchoring system. After the application of shotcrete, the lining was
backfilled so that damage by the movement of equipment was prevented.
The bottom excavation started when the bench excavation had been
completed throughout the lengths of galleries CH1 and CH2.

SHAFT 82 — CONSTRUCTION PROCEDURE

Shaft $2 is 11.6m deep. It is rectangular in ground plan. The inner
dimensions of the shaft are 7.74x4.24m; the lining consists of two
shells and intermediate waterproofing.

The shaft sinking operations proceeded in steps, maximum Im deep
rounds. Each subsequent round excavation was carried out only when
the previous round had been completely supported by the primary lining.

During the course of the shaft excavation, the ground environment
around the connection of the shaft to the metro station and in the space
between the individual metro station tunnels was stabilised by grou-
ting. The excavation ended at the level of the bottom of the intersec-
tion of the shaft lining with the station structure.

The primary lining of the shaft consisted of a 400mm thick layer of
C20/25 shotcrete. It was reinforced in each round by a pair of lattice
girder frames (installed at 0.5m spacing) and two layers of
150x150/8x8mm welded mesh, supplemented by a system of SN
anchors as required. The longer sides of the shaft profile were braced
during the excavation using a pair of U180mm sections.

FINAL LINING AND EQUIPMENT IN THE LIFT STRUCTURES
Shaft $1

The connection between the transfer gallery level of 169.520m
a.s.l. and the ground surface level of 197.500m a.s.l. is provided by
shaft S1. The vertical structures of the shaft are constructed from
C30/37 reinforced concrete. The minimum thickness of the final
lining is 600mm.

Lift pits are drained, their floors slope down towards floor traps.
Contingent water flows through 140/7 stainless steel tubes installed in
the bottom part of the final lining of the transfer gallery to shaft $2. The
floor and walls of the lift pits are provided with a waterproofing coat up
to the level of 500mm. Two vertical niches 350x1000mm are left in the
internal surface of the side walls of the shaft. They run throughout the
shaft height, designed to house electrical cables. They are fire separated
from the lift shafts themselves by Promat, a fireproof material, which is
anchored to a steel structure prefabricated from Jikl thin-walled secti-
ons and fixed to the reinforced concrete lining of the shaft. Electrical
cables leading from the transfer gallery to shaft $2 run through casing
pipes sealed against fire, passing through the shaft lining.

Rectangular foundation is cast upon the elliptical reinforced conc-
rete lining of shaft S1, at the ground level, to carry the lift entrance
structure. The foundation is in hydraulic-construction concrete, with
insulation guaranteeing electrical separation of the final lining struc-
ture. The lift entrance is a hot-dip galvanised steel structure consisting
of three separate frames joined together by individual transverse ele-
ments by means of bolted joints. It is erected on top of the final lining
and is anchored by means of anchors and a non-conducting adhesive.
The cladding system is fixed to the load-bearing structure. It is formed
by thermally insulating, safety double-glazing. This material is used
also for the walls and roof of the lift. Dull stainless-steel sheet was
used for the base and flashing.

Transfer gallery

Because the entrance to the lifts at the platform level and at the sur-
face do not link to each other in the ground plan, a transfer gallery is
built at one third of the total lifting height. It is divided into two gal-
leries by a pressure gas-tight gate.
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a prihradovymi oblouky. Pro systémové kotveni byly pouZzity
kotvy SN (¢ 25 mm, délka 4 m) s poZadovanou dnosnosti
150 kN. Osténi bylo po ndstfiku zasypdno, aby provozem
mechanisma nedoslo k jeho poskozeni. Po¢va byla odtéZovana
po odtéZeni opéfi v celé délce chodeb CH1 a CH2.

POSTUP VYSTAVBY SACHTY $2

Sachta S2 je hlubokd 11,6 m a ma obdéInikovy prifez. Vnitin{
profil osténi je 7,74x4,24 m, osténi Sachty je dvouplastové
s mezilehlou izolaci.

Hloubeni postupovalo po zdbérech maximdlné 1 m a kazdy
dalsi se dobiral az po tplném zajisténi (vystrojeni) predchoziho
zabéru prstence primdrniho osténi.

Béhem hloubeni bylo injektdZemi zpevnéno horninové pro-
stfedi v okol{ styku Sachty s osténim stanice metra a v prostoru
mezi jednotlivymi stani¢nimi tunely. Hloubeni §lo az na spodni
troven pruniku osténi Sachty do konstrukce stanice.

Primdrni osténi hloubené Sachty bylo provedeno ze stfikaného
betonu C20/25 tloustky 400 mm. V kazdém zdberu ho vyztuzila
dvojice ocelovych pithradovych oblouku (vzdjemna rozte¢ 0,5
m) a dvé polohy vyztuznych svafovanych siti 150x150/8x8 mm,
doplnéné podle potreby systémovym kotvenim svorniky SN.
Delsi strany profilu Sachty byly pfi razbé rozepirdny v kazdém
zabéru dvojici profild U180 mm.

DEFINIVNI OSTENI A VYBAVEN( OBJEKTU VYTAHU

Sachta $1

Spojeni prestupni chodby na drovni 169,520 m n. m. s terénem
197,500 m n. m. slouzi Sachta S1. Jeji svislé nosné konstrukce
jsou zhotoveny ze Zelezobetonu C30/37. Definitivni osténi ma
minimalni{ tloustku 600 mm.

Dojezdy vytaht jsou odvodnéné, jejich podlaha je vyspadova-
na k podlahové vpusti a odtud je pfipadnd voda vedena nerezo-
vou ocelovou trubkou Tr. 140/7 ve spodni ¢asti definitivniho
osténi prestupni chodby do Sachty S2. Podlaha a stény dojezdd
vytaht do vy$ky 500 mm jsou opatieny hydroizoladnim ndtérem.
Na bocich Sachty jsou ve vnitfnim prostoru vynechdny dvé svis-
1é niky velikosti 350x1000 mm. Vedou po celé vySce Sachty
a jsou uréeny k vedeni kabelu elektroinstalace. Jsou poZzarné
oddé€leny od samotnych vytahovych Sachet protipozarnim mate-
ridlem Promat, ktery je ukotven na ocelové jiklové konstrukci
pripevnéné k Zelezobetonovému osténi Sachty. Kabely elektroin-
stalace z prestupni chodby do $achty S2 vedou v osténi Sachty
v pozdrné utésnénych chranic¢kach.

Na eliptickém Zelezobetonovém osténi Sachty S1 je v drovni
terénu zabetonovédn obdélnikovy zdklad z vodostavebniho beto-
nu pod vstupni kiosek k vytahum. Je oSetfeny izolaci, kterd zaru-
Cuje elektrické oddéleni od konstrukce definitivniho osténi.
Kiosek vytahu je tvoren ocelovou Zarové zinkovanou konstruk-
ci, sloZenou ze tif samotnych rdmu a spojenou jednotlivymi pric¢-
nymi dilci pomoci Sroubovanych spoju. Stoji na definitivnim
osténi a je ukotven pomoci kotev a nevodivého lepidla. Na nos-
nou konstrukci je namontovan nosny systém opldsténi, ktery
tvori Ciré bezpeénostni termoizolaéni dvojsklo. Z uvedeného
materidlu jsou stény i strop vytahu. Na sokl a lemovani byl pou-
Zit matny nerez plech.

Prestupni chodba

ProtoZe vstup do vytahl na ndstupiSti a na povrchu na sebe
pudorysné nenavazuji, je v tretiné celkové prepravni vysky
vybudovdna prestupni chodba. Je rozdélena tlakové plynotés-
nym uzdveérem na dveé chodby.

Po vycisténi dna byla poloZena izolace navazujici na dilataci
Sachty $2 do vyiky 2,5 m. Na ochrannou vrstvu z geotextilie
a betonové mazaniny navazovalo armovadni dna chodeb.
Nasledovala betonaz z konstrukéniho betonu C 30/37 (tloustka
500 mm) se zdrodky stén chodeb. Pfi betondzich byl vynechdn

After cleaning the bottom, the waterproofing linking to the expan-
sion block of shaft S2 up to the level of 2.5m above the bottom was
installed. The reinforcement of the bottom of the galleries was placed
on a protective layer consisting of geotextile and concrete screed.
Casting of C 30/37 structural concrete (500mm thick) followed, com-
prising kickers for the gallery walls. A space for the 600mm thick
bulkhead for the pressure gas-tight gate was left without the concrete.
When non-structural concrete casting had been finished throughout
the length of the galleries, the waterproofing was installed on the
walls and vaults, up to the intersection with shaft S1 and, on the oppo-
site side, shaft S2.

In gallery CHI, the concrete reinforcement consisted of lattice gir-
ders and steel mesh. Spatial formwork 3.2m long was fabricated for
casting of the 500mm thick vault of gallery CHI1. The casting was
divided into four blocks. Three blocks ran in the straight direction,
while the fourth block deviated by seven degrees from the straight
direction to link shaft S1 perpendicularly. With respect to the number
of the casting blocks, the formwork moved on rollers. Concrete was
transported by an AD 20T crane under shaft S1. From this location,
a Putzmeister pump forced the cast concrete through filling gates
behind the formwork.

The vault and walls of gallery CH2 (5m long, 500mm thick) were
cast in one go, from the expansion joint between the gallery and shaft
$2 up to the future pressure bulkhead. A spatial form with filling gates
to be used for the casting was assembled on the spot. When the CH2
gallery formwork disassembly had been finished, the work on the
bulkhead containing the pressure gas-tight gate started. Concrete was
poured through filling gates installed on the left and right sides of the
bulkhead (in two thirds of its height) and a filling gate located in the
highest point of the vault. The next step consisted of casting of the
600mm thick wall at the end of gallery CH1, using single-sided form-
work with filling gates.

Shaft $2

Shaft S$2 links the transfer gallery at the level of 169.520m
a.s.l. with the metro station platform at the level of 158.600m a.s.l. It
is rectangular in ground plan and contains a stairwell and two lift
wells.

The lining of the lift structure is in water retaining concrete, pro-
tected against stray currents. Structural walls are from C30/37 rein-
forced concrete. The final lining is 600mm thick; individual spaces are
separated by 300mm thick bracing walls.

First of all, the whole shaft was provided with waterproofing, which
was applied from a spatial scaffold. At the interface between the shaft
and the metro station, the waterproofing was connected to the seg-
mental lining equipped with a safety system of grouting hoses allo-
wing contingent leaks to be sealed in the future.

Obr. 5 Pohled ze Sachty S1 na povrch 5
Fig. 5 View of the surface from shaft S1




prostor pricky tloustky 600 mm tlakové plynotésného uzdvéru.
Po vyplnovych betonech v celé délce chodeb byla dokoncena
izolace stén a kleneb aZ do pruniku se Sachtou $1, na druhé stra-
né se Sachtou S2.

Armovani chodby CHI1 se uskute¢nilo pomoci piihradovych
rdmu a siti. Pro betondZ klenby chodby CHI tloustky 500 mm
bylo postaveno prostorové bednéni dlouhé 3,2 metru, které se
betonovalo ve Ctyfech taktech. Tti takty vedly v pfimém sméru,
&tvrty byl osové vychylen o sedm stupnu a napojil se kolmo na
Sachtu S1. Vzhledem k poltu taktl se bednéni posouvalo na
vdleCcich. Beton byl jefdbem AD 20T dopravovan pod Sachtu
S1, odkud &erpadlo Putzmeister tlalilo lity beton pies plnici
otvory do betonarskych forem.

Klenba a stény chodby CH2 dlouhé 5 metru, tloustky 500 mm
byly betonovany najednou od dilatace se $achtou S2 po tlakovy
uzdvér. K betondZi bylo pouZito prostorové bednéni s na-
poustécimi otvory, sestavené na misté. Po rozebrani bednéni
chodby CH2 zadaly prédce na pricce s tlakové plynotésnym uza-
vérem. Beton byl napu§tén do plnicich otvort umisténych ve 2/3
na levé a pravé strané pricky a plnicim otvorem v nejvyS$im
misté klenby. Pfi dal§im kroku bylo zabetonovéano ¢elo chodby
CHI1 tloustky 600 mm pomoci jednostranného bednéni a plnicich
otvoru.

Sachta 82

Sachta S2 spojuje piestupni chodbu na tirovni 169,520 m n. m.
a nastupisté stanice metra v terénu 158,600 m n. m. Ma obdélni-
kovy tvar a je v ni umisténa schodiStovd Sachta a dvé vytahové
Sachty.

Osténi celého vytahu je provedeno jako vodonepropustné, na
zdkladé pozadavku ochrany proti bludnym proudum. Svislé
nosné konstrukce jsou zhotoveny ze Zelezobetonu C30/37.
Definitivni osténi md tlouStku 600 mm, jednotlivé prostory jsou
oddéleny rozpérnymi sténami tloustky 300 mm.

Nejprve byla z prostorového leseni celd Sachta zaizolovéna.
Na rozhrani se stanici metra se izolace napojila na osténi
z tybinku s pfidavnym pojistnym systémem injektdznich hadicek
k utésnéni pfipadnych prisaki v budoucnosti.

Vlastni betondZ se uskute¢nila po jednotlivych pracovnich
zébérech pomoci systémového bednéni. Smérem ode dna Sachty,
kde jsou masivni zdklady pod vytahy, po strop Sachty, kde je
umisténa strojovna vytahu. V osténi jsou umistény chrani¢ky pro
elektroinstalaci 18x DN 100 a nerezova trubka Tr. 140/7 slouzi-
ci pro odvodnéni vytahové Sachty S1. Dojezdy vytahd jsou
odvodnény, jejich podlaha je vyspddovédna k podlahové vpusti
a odtud je pripadnd voda svedena potrubim v konstrukci do
stiedni tunelové stoky vlastni stanice. Podlaha a stény dojezdu
do vysky 500 mm jsou opatfeny hydroizolacnim nétérem.

Unikové schodiité je dvouramenné s hlavni a vedlejsi pode-
stou rozdélenou jednim stupném. Nosny systém schodisté tvori
montovand ocelovd konstrukce. Schodistové stupné a podlaha
podest jsou plechové s protiskluzovou tdpravou. Celd konstrukce
je ukotvena do Zelezobetonového osténi Sachty.

Interiér chodeb a dalsi vybaveni

Prestupni chodba dostala protiskluznou dlazbu z technického
kamene ve smyslu poZadavku kladenych na vefejné prostory.
Pro obklad stén byl zvolen leskly bily smaltovany plech
s minimalizovanym bilym spdrovanim. Je ukotven na pomocnou
ocelovou jiklovou konstrukci. V obkladu je oteviratelny zakryt
tlakovych dvefi, ktery nebude v béZném provozu patrny. Musi
byt vhodné rozepfen do stén, aby byl dostate¢né stabilni vuci
moZnym vandalskym ttokim.

V technologickych mistnostech je betonovda podlaha
s bezpra¥nym ndtérem. Povrch Zelezobetonovych konstrukei
zustal neomitnuty, zdéné konstrukce maji dvouvrstvou vdpeno-
cementovou omitku.
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The concrete casting operation proceeded in individual casting lifts,
using a formwork system, from the shaft bottom, where massive founda-
tions under the lifts are found, up to the shaft deck, where the lift motor
room is located. Casing pipes 18x DN 100mm and a 140/7 stainless steel
tube serving to drain lift shaft S1 are embedded in the lining. The lift pits
are drained, their floors are sloped toward floor traps, from which contin-
gent water is led through a pipeline embedded in the structure to the cent-
ral drain of the metro station itself. The floor and walls of the lift pits are
provided with a waterproofing coat up to the level of 500mm.

The escape staircase has two flights, with the main and secondary
landings separated by one step. The staircase structural system con-
sists of a prefabricated steel structure. Stairs and landing floors are
from chequer plates. The entire structure is anchored to the reinforced
concrete lining of the shaft.

Interior of the galleries and other equipment

The transfer gallery was provided with a non-slip-surface industri-
al stone pavement in the meaning of requirements for public spaces.
Glossy, white vitreous enamel panels with minimised white pointing
were designed for the wall cladding. The cladding is fixed to an auxi-
liary structure made from thin-walled Jikl sections. A lockable cover
is on the pressure gate. It will not be visible during common operati-
on. It must be suitably braced against the walls to be sufficiently stab-
le to resist potential vandal attacks.

The concrete floors in equipment rooms are treated with a dust proo-
fer. The surface of reinforced concrete structures remained without ren-
dering; masonry structures have lime-cement render and set on them.

CONCLUSION

The design for the lift from Ndrodni Tfida station on the Line B
of Prague metro is very interesting, first of all from the technical

Obr. 6 Dopraveni vykopku na povrch pomoci jerdbu
Fig. 6 Lifting the muck to the surface by a crane
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ZAVER

Projekt vytahu ze stanice Ndrodni trasy B metra je velmi zajimavy
zejména z hlediska technického feSeni. Prostor zafizeni stavenisté byl
zdsadné limitovdn okolni zastavbou. Ve velmi omezeném prostoru
v malé proluce mezi bankou a kostelem Nejsvétéjsi Trojice byla umis-
teéna kromé nezbytného materidlu i kompletni technologie potfebnd
k zajisténi vSech provadénych Cinnosti. Realizace tak technicky
naroéného projektu proto vyzadovala kvalitni pfipravu a maximalni
nasazeni pracovniku realizaéniho tymu. Vlastni té€Zba i zdsobovén{
materidlem, to vSe vyzadovalo vysoky stupeni kdzné a pozornosti
viech pracovniku po celou dobu vystavby.

Realiza¢ni tym kladl velky daraz na pozitivni komunikaci s okolim,
vlastniky i podndjemniky jednotlivych nemovitosti. U¢inné reagoval
na sebemensi podnéty, protoze komunikace takového druhu je vzdy
stéZejni pro dspéSnou realizaci stavby. Naprostou nezbytnosti byla také
snaha omezit na minimum negativni faktory vystavby, jako je napfi-
klad hlu¢nost a prasnost. I na velmi omezeném pudorysu zafizenf sta-
veni§té bylo pouZito odpraSovaci zafizeni, odhlu¢néné kompresory
a elektrické jefdby, tedy technologie, které jsou v dne$ni dobé pri stav-
bdch v historickém centru Prahy samoziejmosti.

Spravnou soucinnosti realizatniho tymu stavby a projektanta,
komunikaci s okolim, flexibilni reakci na velice slozité podminky
vystavby a v&asnym feSenim problému vzniklych pfi stavbé bylo spo-
le¢n¢ dosazeno velmi dobrého vysledku prdce, a to bez zdsadnich
negativnich vlivi na vnéjsi okoli.

Zakiadni udaje o projektu

Nézev stavby

Zadavatel
Inzenyrsko-technické Cinnost
Generalni projektant
Dodavatel ¢asti razeb a definitivniho osténi

Vytah ze stanice metra Nérodni tfida
Dopravni podnik hl. m. Prahy, a. s.
IDS Praha, a. s.
METROPROJEKT Praha, a. s.
,Sdruzeni Narodn*
(PROMINECON GROUP, a. s.,
aOHLZS a.s)

Lokalita Praha 1-Nové Mésto
Doba vystavby 11/2009--10/2010
Parametry stavby

Sachta S1

Hloubka 30,38 m
Vnitni prmér osténi 7,118x5,14 m

Prestupni chodby CH1 a CH2
Horizontalné ¢lenény na 3 dil¢i vyruby, kalotu, opéfi a pocvu

Parametry vyrubu CH1
Plocha vyrubu celkem 62,9 m? (délka chodby 13,45 m)
Plocha kaloty 25,4 m? (vyska kaloty 4,50 m)
Plocha jadra 20,0 m? (vy3ka jadra 2,60 m)
Plocha poévy 17,5 m2
(vySka pocvy 2,65 m)
MnoZstvi betonu v definitivé 436,60 m°
Parametry vyrubu CH2
Plocha vyrubu celkem 68,0 m? (délka chodby 4,6 m)
Plocha kaloty 20,6 m?
(vySka kaloty 3,50 m)
Plocha jadra 23,9 m? (vy3ka jadra 2,60 m)
Plocha poévy 23,5 m? (vyska podvy 2,65 m)
MnoZstvi betonu v definitivé 220,0 m?
Sachta S2
Hloubka 11,6 m (vzdalenost k vrcholu stanice 3,6 m)
Vnitfni profil osténi 7,74x4,24 m
MnoZstvi betonu v definitivé 235,60 m°

ING. JAROSLAV §fMA, sima@prominecon.cz,
ING. TOMAS ZDRAZILA, zdrazila@prominecon.cz,
PROMINECON GROUP a.s.

Recenzoval: Ing. Jan Korejcik

Foto archiv PROMINECON GROUP a.s.

solution viewpoint. The space for site facilities was significantly
limited by existing adjacent buildings. The limited vacant space bet-
ween a bank and the Church of the Holy Trinity was used for storing
absolutely necessary materials and a complete set of equipment
required for executing all working activities. The implementation of
such a demanding project required quality planning and maximum
efforts of members of the project team. The excavation and supply-
ing materials required a high degree of discipline and attention to be
maintained by all workers throughout the construction period.

The project team laid great stress on positive communications with
the neighbourhood, owners of individual properties and tenants. It
effectively responded to each initiative, no matter how insignificant
because communications of such a kind are always crucial for
successful completion of a construction. Efforts to reduce negative
factors of the construction, such as noise pollution and dust emissi-
ons, to a minimum level were an absolute necessity. A dust extracti-
on unit, sound-proofed compressors and electrical cranes, which is
equipment commonplace on construction sites in the historic centre
of Prague, were used even within the restricted ground plan of the
site facility.

The good result of the works, causing no negative effects on the
construction surroundings, was jointly achieved owing to proper col-
laboration between the construction team and the designer, proper
communications with residents in the neighbourhood, flexible res-
ponses to the very complicated construction conditions and timely
solving problems originating during the construction.

Basic project data

Project name The lift from Narodni Trida metro station
Client Dopravni podnik hl. m. Prahy, akciova spolecnost
Construction management and site supervision IDS Praha a. s.
General designer METROPROJEKT Praha a. s.
Contractor for parts of excavation

and final lining »Sdruzeni Narodni“ consortium
(PROMINECON GROUP a. s., and OHL 7S, a. s.)
Location Praha 1-Nové Mésto

Construction period 11/2009--10/2010

Construction parameters
Shaft $1

Depth 30.38 m
Internal diameter of lining 7.118x5.14 m
Transfer galleries CH1 and CH2

Horizontal excavation sequence (3 partial headings — top heading, bench
and bottom).

Gallery CH1 excavation parameters
Total excavated cross-sectional area
Top heading excavated area

Bench excavated area

Bottom excavated area

Volume of concrete (final lining)
Gallery CH2 excavation parameters
Total excavated cross-sectional area
Top heading excavated area

Bench excavated area

Bottom excavated area

62.9m? (gallery length of 13.45m)
25.4m? (top heading height of 4.50m)
20.0m? (bench height of 2.60m)
17.5m? (bottom height of 2.65m)
436.60m®

68.0 m? (gallery length of 4.6m)

20.6 m? (top heading height of 3.50m)
23.9 m? (bench height of 2.60m)

23.5 m? (bottom height of 2.65m)

Volume of concrete (final lining) 220.0m?
Shaft 52

Depth 11.6 m (3.6m from the top of the station)
Internal profile of the lining 7.74x .24m
Volume of concrete (final lining) 235.60 m®

ING. JAROSLAV giMA, sima@prominecon.cz,
ING. TOMAS ZDRAZIILA, zdrazila@prominecon.cz,
PROMINECON GROUP a.s.

Photographs PROMINECON GROUP a. s. archive



19. rocnik - €. 3/2010

FOTOREPORTAZ ZE STAVBY
TUNELOVEHO KOMPLEXU BLANKA (CERVENEC 2010)

PICTURE REPORT FROM THE CONSTRUCTION OF THE BLANKA
COMPLEX OF TUNNELS IN PRAGUE (THE STATE AS OF 07/2010)

Obr. 1 Staveniste Malovanka, hloubeni vyjezdové rampy smér Brevnov
Fig. 1 Malovanka construction site — excavation for the off-ramp in the direc-
tion of Brevnov

Obr. 3 RaZeny tunel Brusnice, vertikdlni ¢lenéni vyrubu
Fig. 3 Brusnice mined tunnel — vertical excavation sequence

Obr. 5 Staveniste Prasny most, stavebni jaima pod hradbami
Fig. 5 Prasny Most construction site — construction pit under fortification
walls

Obr. 2 Staveniste Myslbekova, hloubeni dna jamy pro razbu vzduchotechnického kandlu
Fig. 2 Myslbekova construction site — digging the pit bottom for the excavati-
on of a ventilation duct

. = "‘""E-
Obr. 4 Stavenisté Pra¥ny most, portdlovd sténa raZenych tunelu
Fig. 4 Prasny Most construction site — portal wall of mined tunnels

Obr. 6 Stavenisté Hrad¢anskd, obnova tramvajové traté nad dokonéenym tunelem
Fig. 6 Hradcanskd construction site — reinstatement of tram track above the
completed tunnel
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Obr. 7 Stavenisté Letnd, ploSiny pro montdz vyztuZe klenby definitivniho osténi
Fig. 7 Letnd construction site — platforms for installation of reinforcement of
the final lining vault

Obr. 8 Stavenisté Letnd, montdz formy definitivniho osténi tiipruhového tunelu
Fig. 8 Letnd construction site — assembly of the formwork for the final lining of the
Obr. 9 Uzavieny profil raZené strojovny vzduchotechniky pod Letnou triple-lane tunnel
Fig. 9 Closed profile of the mined ventilation plant cavern under Letnd

Obr. 11 RaZeny tunel Krdlovskd obora, vyztu? klenby a forma definitivniho osteni
Fig. 11 Krdlovskd Obora mined tunnel —reinforcement of the vault and form-

Obr. 10 RaZeny tunel Krdlovskd obora, primdrni osténi v misté nouzového zdlivu 5 : e
work for the final lining

Fig. 10 Krdlovskd Obora mined tunnel — primary lining at the emergency parking bay

Obr. 12 RaZeny tunel Krdlovskd obora, definitivni osténi ve dvoupruhovém tunelu Fig. 13 Tl oja constri uctton site — construction tr ench in the locatmn of
Fig. 12 Krdlovskd Obora mined tunnel - final lining in the double-lane tunnel a former tram track
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FOTOREPORTAZ ZE STAVBY ZAHRADNICKEHO
A OLBRAMOVICKEHO TUNELU NA TRATI VOTICE - BENESOV
(zhotovitel: SUBTERRA a. S.)

PICTURE REPORT ON THE CONSTRUCTION OF THE ZAHRADNICE
AND OLBRAMOVICE TUNNELS ON THE VOTICE - BENESOV RAIL TRACK
(Contractor: SUBTERRA a. s.)

TUNEL ZAHRADNICKY
THE ZAHRADNICE TUNNEL
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Obr. 1 Zajistovdni svahit vyjezdového portdlu stiikanym betonem — manipu-
lator Potenza fy Meyco
Fig. 1 Stabilisation of exit portal slopes with shotcrete — a MEYCO Potenza
concrete spraying unit

Obr. 4 Vrtaci prdce — vrtaci stroj Boomer E2C fy Atlas Copco
Fig. 4 Drilling operations — an Atlas Copco Boomer E2C drill rig

Obr. 2 Instalace mikropilotového destniku — vrtaci stroj Boomer E2C fy Atlas Copco
Fig. 2 Installation of canopy tube pre-support — an Atlas Copco Boomer E2C drill rig

Obr. 3 Strojni rozpojovdni horniny u portilu - skalni bagr 934 fy Liebherr
Fig. 3 Mechanical rock breaking — a Liebherr 934 rock excavator

Obr. 5 Osazovdni vyztuznych siti primdrniho osténi — dulni ploSina Normet
Himec 9905BT

Fig. 5 Installation of welded mesh reinforcing the primary lining — a Normet
Himec 9905BT platform lifter
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TUNEL OLBRAMOVICKY
THE OLBRAMOVICE TUNNEL

Obr. 6 Hloubeni a zajistovdni vjezdového portdlu
Fig. 6 Excavation and stabilisation of the entrance portal

w uﬁﬁ. s R B e E
Obr. 8 Strojni rozpojovdni horniny — skalni bagr 944 fy Liebherr
Fig. 8 Mechanical breaking of rock — a Liebherr 944 rock excavator
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Obr. 11 Montdz bedniciho vozu fy OSTU STETTIN
Fig. 11 Assembly of OSTU STETTIN form traveller
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Obr. 7 Zajistbvani vyrubu — vrtaci stroj Boomer L2C fy Atlas Copco
Fig. 7 Installation of excavation support — an Atlas Copco Boomer L2C drill rig

Obr. 9 Vyjezdovy portadl
Fig. 9 The exit portal

Obr. 10 Armovaci vuz na vyjezdovém portdlu
Fig. 10 A reinforcement installation travelling scaffold at the exit portal

Fig. 12 A completed final lining concrete block of the exit portal
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MERENI V TUNELU - NENf SENZOR JAKO SENZOR
MEASUREMENT IN TUNNELS - NOT EVERY SENSOR
IS THE SAME

Ventilace v tunelech je zaludnd véc. Ne vidy je mozné pouZit vsechny typy
méficich technik, které firmy nabizeji. Navrh koncepce vétrani v tunelu totiz
musi zohlediovat mnoho faktord, pficemz nejdulezitéjsi z nich je bezpecnost
uzivatell pfi vyskytu pozar uvniti tunelu. Druhy dulezity faktor ovliviujici
navrh vétraciho systému je nutnost provétravani vlastnich tunell pfi bézném
provozu.

Zékladnimi vstupnimi daty pro fizenf vétranf jsou mimo jiné:
- Koncentrace NOy

- Koncentrace CO

- Viditelnost (opacita)

- Smér a rychlost proudéni vzduchu v tunelové troubé

- Koncentrace NOy v okoli vystupl tunelovych trub

- Detekce koufe (poZaru)

BUDOUCNOST MERENI €O, NO A NO;

Pocet méfeni CO se bude do budoucna spise snizovat. Naopak pozadavky
na méfeni NO/NO; se budou zvysovat a ¢asem jejich pocet predci méfeni CO.
V nejvice vyspelych zemich podil CO ve vyfukovych plynech klesd kvuli 1épe
konstruovanym motorum. Kvili snizovani obsahu CO ve vyfukovych plynech
neni toto méfeni (CO) dostacujici pro fizeni vétranf v tunelu. Némecky RABT

2003 a 2006 jiz nevyzaduje méfeni CO pro fizeni ventilace, ale pouze jedno-
duché meéfenf pro stanoveni plausibility.

7 technického hlediska nenf nezbytné méfit CO pro fizeni ventilace, pokud je
k dispozici precizni méfeni NO + NO; a jejich koncentrace jsou udrzovany na nizké
urovni. Dle predpisu PIARC (Permanent International Association of Road Safety
Conferences) jsou limity NO, v pfipadé kongesci (dopravnich zacp) 1.0 ppm. Coz
jsou hodnoty, které byly naméreny napf. i v tunelu Mrdzovka. Takto nizké kon-
centrace NO; totiz nelze méfit elektrochemickymi ¢ldnky! Firma SICK pro tyto apli-
kace vyvinula analyzator VICOTEC320, ktery pracuje na principu DOAS - Diferencnf
Optickd Absorpcni Spektroskopie. Detekenf limit NO; je 100 ppb.
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0br. 1 Trend koncentraci skodlivin v automobilové dopravé
Fig. 1 Pollutant concentration trend in automobile transport

DETEKCE KOURE

Pro kontinudIni detekci koncentrace koure v silnicnich a zelezni¢nich tune-
lech a pro v¢asnou indikaci pozaru nabizf firma SICK analyzatory SMOTEC450
/extraktivni princip/ a nebo VISIC620 (In-situ princip). Oba typy méfi kon-
centraci koufe na principu méfeni rozptylu svétla. Lisi se pouze konstrukénim
uspofadanim. SMOTEC450 nasdvéd méfeny vzorek z mista detekce
a vyhodnocuje se v jednotce, kterd je umisténa mimo méfici misto. Naopak
VISIC620 je namontovan piimo na poZadované misto, kde je mozny pfipadny
vyskyt koufe. Tato skutecnost umoziiuje nejen kontrolu a efektivni requlaci,
nybrz zarucuje také hospoddrny provoz odvétrdvacich zafizeni. Nase méfici
systémy, vyzralé diky dlouhodobému know-how, jsou konstruovany presné
na miru pozadavks zakaznika.

Na zavér jesté zminim néco o portfoliu mérici techniky firmy SICK pro
méfeni v tunelech. Jednd se zejména o:

FLOWSIC200: Pristroj pro méfeni rychlosti vétru v tunelu.

VICOTEC410: Pristroj pro méfenf viditelnosti a CO koncentrace v tunelu.

VISIC620: Pristroj pro méfenf délky viditelnosti na silnici.

HISIC450: Detektory prekroceni vysky pro tunelové portdly a mosty.

LMS: Detektory pro méfeni velikosti a poctu vozidel.

Ing. Jaromir Stransky, Jaromir.Stransky@sick.cz, SICK spol. s 1. 0.,
Ukrajinskd 2a, Praha 10, www.sick.cz

Air ventilation in tunnels is a tricky thmg Sometimes it's not possible to use
every measuring technology that is offered to a customer. The draft of the tun-
nel ventilation conception must take into account many factors; the most impor-
tant is people’s safety when fire appears in the tunnel. The second important
factor affecting the air ventilation project is the need of airing the own tunnel
during the reqular operation.

The basic enter data for requlating the ventilation are among others:
- NOy concentration

+ CO concentration

- Visibility (opacity)

- Direction and air circulation velocity in the tunnel duct

- Concentration NOx in the proximity of the tunnel duct outputs

- Smoke (fire) detection

THE FUTURE OF CO, NO AND NO; MEASUREMENT

Hereafter, the amount of CO measurement will most likely sink, whereas the
requirements for NO/ NO, measurement will increase and its amount will over
time surpass the CO measurement. In the most advanced countries the CO con-
tent in exhaust gases is decreasing because of better built engines. Due to the
lowering of CO content this measurement (CO) is not sufficient for the tunnel
ventilating supervision. The German RABT 2003 and 2006 no longer requires
a (0 measurement for controlling of ventilation, but only a simple measurement
for plausibility determination.

From the technical point of view, it is not necessary to measure CO in order to
control the air ventilation when there is an accurate NO + NO, measurement
available and its concentrations are maintained on a low level. The limits are
according to the PIARC (Permanent International Association of Road Safety
Conferences) instruction in case of congestion (traffic-jam) 1.0 ppm. These valu-
es were measured e.g. in Mrazovka tunnel. Itis not possible to measure such low
NO, concentration by electrochemical cells! For these applications, SICK
Company developed an analyser called VICOTEC320 that works on a DOAS
(Differential Optical Absorption Spectroscopy) Frincip\e, The detection limit of
NO; is 100 ppb. These values were measured also e.qg. in Mrazovka tunnel.

SMOKE DETECTION

For detecting smoke concentration in road and railway tunnels continuously
and for an early fire indication, SICK Company offers analyzers called SMOTEC450
(extractive method) or VISIC620 (In-situ principle). Both types can measure
smoke concentration on principle of light dispersion measurin?. They differ just
in construction. SMOTEC450 draws in the measured sample from the area of
detection and this is being evaluated in a unit that is located outside the mea-
suring point. VISIC620 is on the contrary mounted directly in the required point,
where smoke is possible to occur. This enables not only to control and requlate
effectively but also guarantees an economical operation of air-exhausting devi-
ces. Our measuring systems, “mature” thanks to a long-term know-how, are
engineered customized for our customers.

In conclusion, I should mention something about the SICK portfolio for tunnel
measuring technology. There are these products:

FLOWSIC200: For wind velocity measurement in tunnel.

VICOTI|EC41 0: For visibility measurement and CO concentration measurement in

tunnel.

VISIC620: For measuring length of visibility on the road.

HISIC450: Height detectors for tunnel portals and bridges.

LMS: Detector for measuring size and number of vehicles.

Ing. Jaromir Strénsky, Jaromir.Stransky@sick.cz, SICK spol. s r. o,
Ukrajinska 2a, Praha 10, www.sick.cz

0br. 2 VICOTEC320
Fig. 2 VICOTEC320
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PRORAZKA OLBRAMOVICKEHO TUNELU NA TRATI VOTICE-BENESOV U PRAHY
THE OLBRAMOVICE TUNNEL BREAKTHROUGH ON THE VOTICE - BENESOV U PRAHY RAIL TRACK

The paper informs about the Olbramovice tunnel breakthrough
on the Transit Corridor No. 4 being developed. The track secti-
on between Votice and BeneSov u Prahy abounds with tunnels.
There are 5 tunnels within an 18.5km long section there. All of
the tunnels are designed as double-track structures with the track
centre distance of 4m. The total length of the tunnels amounts to
2,684m. The first of them to hole through was the Olbramovice
tunnel with the length of the mined section reaching 350m.

Projektovani ani vystavba tunelu neni jednoduchou zaleZitosti
a projektanti i lidé ze stavby vénuji pripravé i vlastni realizaci
tunelu roky svého Zivota. Od myS$lenky vést trasu v tunelu pres
vSechny stupné projektové dokumentace k vystavbé a uvedeni
tunelu do provozu prochézi tunel mnohdy bouflivym vyvojem,
ktery graduje pfi jeho razbé. Ta skryvd mnohdy fadu prekvapeni
souvisejicich s vZdy novymi a jedine¢nymi podminkami, které
pro tunelére priroda pripravila. Geologické poméry v trase tune-
lu se mohou ménit s kazdym zdbérem, stupen zvétrani, systém
rozpukéni a sklony diskontinuit mohou vyrazné ménit chovani
tunelu, které je predmétem geotechnickych sledovani. SpiSe neZ
chladnou stavbu pfipomina tunel v dobé vystavby svymi projevy
Zivy organismus a vyzaduje stdlé sledovani a odpovidajici péci.
Proto snad muZeme v souvislosti s tunelem mluvit s trochou nad-
sazky o jeho vyvoji jako o jeho Zivoté, ktery lemuji daleZzité mil-
niky. Kromé osazeni sosky svaté Barbory (obr. 1) nebo zahdjeni
razby bezesporu patii k dilezitym milnikam i prordZka tunelu.

Tratovy tsek Votice—BeneSov u Prahy ¢tvrtého Zelezni¢niho
koridoru tunely neSetii a na délce 18,5 km se jich nachézi celkem
pet. VSechny tunely jsou navrzeny jako dvoukolejné s osovou
vzdalenosti koleji 4 m a jejich celkova délka dosahuje 2684 m.
Jako prvni z nich byl prorazen Olbramovicky tunel a tomu je
také vénovdna ndsledujici kratkd informace.

Vystavbu tunelu celkové délky 480 m zahdjilo hloubeni sta-
vebni jdmy vyjezdového portdlu dne 1. 11. 2009. Oproti oceka-
vani mirné zhorSené geologické poméry nijak neovlivnily zpu-
sob zajisténi stavebni jamy. Svahovani, kotveni kratkymi svorni-
ky délky 4 m ani zastfikdni svahu betonem nevyZzadovalo oproti
projektové dokumentaci Zaddné tdpravy. Horni partie stavebni
jdmy provadéné ve vrstvach pokryvi chrdni proti nadmérné
vodni erozi georohoze. Vyhloubeni stavebni jamy poskytlo prvni
plosnou informaci o vlastnostech horninového masivu pri zaha-
jeni razby, ke kterému doslo 9. 12. 2009 (obr. 2). Silné zvetralé
ruly nevyzadovaly pfi razbé pouZit trhaci prace a prvnich 95 m
kaloty tunelu vyrazil dovrchné bez vétSich problému tunelovy
bagr Liebherr 944. Oproti progndze se tak strojné rozpojovany
usek od vyjezdového portdlu tunelu prodlouZil o 65 m. Se zhor-
Senymi geotechnickymi poméry souviselo jak zatfidovani do
technologické tiidy vyrubu, tak i rychlost razby. Silné tektonicky
porusené a vSesmérné rozpukané ruly ruzného stupné zvétrani
(obr. 3) davaly tusit bouflivou geologickou minulost na okraji
stredoCeského plutonu. I kdyZ mérené deformace primarniho oste-
nf pfi plose vyrubu 104 m? jen vyjimedné prekradovaly 15 mm,
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Obr. 1 Osazovani sosky sv. Barbory
Fig. 1 Installation of Saint Barbara statuette

-

vlivem orientace ploch nespojitosti vzhledem k celbé tunelu
dochdzelo k vyjizdéni bloku horniny a lokdlnim nestabilitim
obnaZeného lice vyrubu (obr. 4).

Prevdzna &ast strojné rozpojovaného tuseku byla raZena
v technologické tfidé vyrubu 5 s délkou zdbéru 1 m. Rychlost
razby v tomto tseku nepresahovala 3 m/den. S narustajici vzda-

0br. 4 Nestabilita celby
Fig. 4 Instability of the face

Obr. 5 Prvni zdbér kaloty od vjezdového portdlu
Fig. 5 First round of excavation from the entrance portal

Obr. 2 Zahdjeni razby od vyjezdového portdlu
Fig. 2 Commencement of excavation from the exit portal

0br. 3 Celba v prostiedi zvétralych rul
Fig. 3 Excavation face in the environment formed by weathered gneiss

lenosti od portdlu se geotechnické podminky zacaly zlepSovat,
rozpojovéani se jiZ neobe§lo bez pouZiti trhavin a délka zdberu se
zvétSila nejprve na 1,5 m a v nejlepSich podminkéch aZ na 2 m.
Tato hranice vSak nebyla nikdy prekrocena, i kdyZ progndza
predpokladala tseky tunelu razené s délkou zdbéru az 2,5 m.
Rychlost razby se zvySila na 4 m/den. S vyjimkou 10 m mocné
poruchové zény ve stani¢eni TM 282 az TM 292 bylo za pouZi-
ti tracich praci vyraZeno dalSich 150 m tunelu. Pak razba ve sta-
ni¢eni TM 317 opét presla na strojni rozpojovéni a tim pokraco-
vala az do prordzky.

Reliéf terénu i provedeny geotechnicky prizkum avizoval
v oblasti vjezdového portdlu hlubokou zénu zvétrani zasahujici
az pod poc¢vu tunelu. Otevreni stavebni jamy vjezdového portad-
lu nepriznivou geologickou prognézu potvrdilo a az do drovné
dna kaloty zasahovalo silné¢ zvétralé eluvium. I kdyz se

Obr. 6 Injektovani SN kotev
Fig. 6 Injecting grout into boreholes for SN-anchors
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Obr. 7 Horizontdlni lenéni vyrubu a rampa do kaloty
Fig. 7 Horizontal excavation sequence and the ramp to the top heading

Obr. 8 Slavnostni prordZka kaloty
Fig. 8 Top heading breakthrough ceremony

v souvislosti se zahdjenim razby diskutovalo o nasazeni mikro-
pilotového destniku, zvladl zhotovitel peclivym provadénim
razby, kotvenim Celby a jehlovanim obvodu kaloty pruchod zvét-
ralou zénou bez problému. Z duvodu nepfiznivych geologickych
podminek bylo rozhodnuto, Ze prordZzka tunelu nebude provede-
na do stavebni jamy, ale probéhne uvnitf masivu ve vzdélenosti
47 m od vjezdového portdlu. Zhotovitel proto ukoncil 23. 4.
2010 razi¢ské priace od vyjezdového portdlu v TM 366 a po
zajisténi Celby kotvenim a stfikanym betonem zahdjil o den
pozdéji dne 24. 4. 2010 protirazbu od vjezdového portdlu
(obr. 5). O chvile vzruseni se postaral extenzometricky profil
osazeny nedaleko vjezdového portdlu za stavenistni komunikaci,
kterd kfiZuje trasu tunelu. Po prachodu kaloty vyvoj deformaci
na extenzometru nejevil zndmky k ustdleni a pri vySce nadlozi
10 m dosahovala deformace aZ 40 mm, coZ v porovndni se stan-
dardné méfenymi deformacemi predstavovalo enormni ndrust.

Obr. 9 Sestava pro izolovdni a betondz osteni — novd etapa v Zivote tunelu
Fig. 9 Gantry-type scaffold to install the waterproofing and a tunnel form
traveler — a new stage in the life of the tunnel

Spise nez absolutni hodnota deformace vSak znepokojoval icast-
niky vystavby jeji neptiznivy trend. Zhotovitel jiZ pfipravoval pre-
kotveni problematického dseku delSimi kotvami SN s pouZzitim
zdlivky EKOMENT RT s rychlym nédrtstem pevnosti v Case (obr.
6), kdyz doslo ve vyvoji deformaci k pozitivhimu zlomu a po
nékolika dnech k ustdleni. Geotechnickd méfeni potvrdila slozité
geotechnické poméry v oblasti vjezdového portdlu a tomu byl pfi-
zpusoben i technologicky postup praci. Délka zabéru neprekro-
Cila a7 do prordzky tunelu 1 m a razba vSech dil¢ich vyrubu
v tomto tseku probihala dusledné od vjezdového portdlu smérem
k vyjezdovému (obr. 7). Na zdkladé skute¢né zastizenych pod-
minek bylo po vyrazeni lavice rozhodnuto, Ze prvnich 48 m raze-
ného tunelu bude uzavieno spodni klenbou.

K prorédzce kaloty doSlo dne 18.5.2010 v odpolednich hodindch
(obr. 8). RaZeny tsek délky 350 m byl vyraZen za 160 dni pramér-
nou rychlosti razby 2,2 m/den. V soucasné dob¢ je jiz razba tunelu
dokoncena, v razeném tunelu probihd betondZ zakladovych pasu
a spodni klenby definitivniho osténi (obr. 9). V hloubeném tdseku
tunelu je vybetonovéan prvni blok betondZe a ve vSech mérickych
profilech doslo k ustdleni deformaci. Investorem stavby je Sprava
Zelezni¢ni dopravni cesty, geomonitoring provadi firma ARCADIS
Geotechnika, stavbu provadi firma Subterra a realizaéni dokumen-
taci zajiStuje firma IKP Consulting Engineers.

ING. LIBOR MARiK, libor.marik@ikpce.com,
IKP Consulting Engineers, s. r. o.,
ING. JAKUB NEMEC’EK, Jjnemecek@subterra.cz,
SUBTERRA, a. s.
Foto | Photo: Ing. Libor Marik

KOMPLEXNI ZKOUSKY POZARNEBEZPECNOSTNICH ZARIZENI A BEZPECNOSTNICH SYSTEMU TUNELU
KOMORANY-CHOLUPICE STAVBY SOKP 513 SE SIMULACI REALNEHO POZARU ZA VYUZITI

AEROSOLU (TECHNICKA INFORMACE)

COMPREHENSIVE TESTING OF FIRE PROTECTION EQUIPMENT AND SAFETY SYSTEMS IN THE
KOMORANY-CHOLUPICE TUNNEL ON PRAGUE CITY RING ROAD CONSTRUCTION LOT 513,
WITH A REAL FIRE SIMULATION USING AEROSOL (TECHNICAL INFORMATION)

The paper informs about comprehensive testing of fire protection equ-
ipment in the Komorany-Cholupice tunnel, which is found on the Prague
City Ring Road being completed. The tests took place on 30/05/2010.
The objective of the tests, which were conducted in line with technical
specifications TS 154 — Operation, administration and maintenance of
road tunnels and following internal regulations issued by the Roads and
Motorways Directorate of the Czech Republic, the tunnel administrator,
was to verify the functionality of fire protection equipment.

Testing of all safety systems in both tunnel tubes was carried out using
a simulated fire of a passenger car with a heat release rate of about
1.5MW and a smoke generation rate of 20 — 30 m3/s, using a method

developed by the Czech company K.B K. fire, s. r. 0. Ostrava, by means
of a special aerosol.

All comprehensive tests of all components of the fire protection equ-
ipment and safety systems without a fire simulation were conducted in
the tunnel in the morning. Comprehensive testing of all the Komorany-
Cholupice tunnel safety systems was carried out in the afternoon.
A passenger car fire was simulated beyond the emergency parking bay in
the right tunnel tube using a testing aerosol. The aerosol is formed by
non-toxic solid particles (smoke) with the sizes of 1 - 5 ym and a gaseous
phase consisting of a mixture of carbon dioxide, water vapour and nitric

gases.
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Obr. 1 Umisténi mista poZdru vzhledem k zdchranné cesté ¢. 6
Obr. 1 Umisteni mista poZdru vzhledem k zdchranné cesté ¢. 6

The completed comprehensive testing proved that the Komorany-
Cholupice tunnel meets safety requirements of Czech and European
regulations and standards before it is opened to traffic.

Anotace:

Komplexni zkouSka poZzdrnébezpecnostnich systému, spojend
s vizualizaci sméru a proudéni vzdusnin, kterd slouZi odborné verejnosti
k uceleni predstavy o prubéhu Sifeni koufe v tunelech.

Klicova slova:
Tunel, aerosol, teplota, proudéni, pozar

Dne 30. 5. 2010 od 7:30 do 14:00 hod. probéhly komplexni zkousky
poZarnébezpecnostnich zafizeni v tunelu Komorany—Cholupice nachédze-
jicich se na pravé dokoncovaném silni¢nim okruhu kolem Prahy — SOKP
513.

Cilem téchto zkousek, provedenych v souladu s technickymi podmin-
kami TP 154 — Provoz, sprava a ddrzba tuneld pozemnich komunikaci
a podle internich predpist spravce tuneli — RSD CR, bylo ovéfeni funké-
nosti pozdrnébezpe¢nostnich zarizeni.

SOKP 513 nebyl v dobé zkousek v provozu a tato skute¢nost umozni-
la provést odzkouSeni vSech bezpetnostnich systému obou tunelovych
trub za pouZiti simulovaného poZiru osobniho vozidla o vykonu cca
1,5 MW a vyvinu koure 20-30 m3/s pomoci metodiky spole¢nosti
K.B K. fire, s. 1. 0., Ostrava za pouZiti specidlniho aerosolu.

V dopolednich hodindch v tunelu Komorany—Cholupice probehly
komplexni zkousky vSech poZdrnébezpelnostnich zafizeni a bezped-
nostnich systému bez simulace pozdru. V rdmci téchto komplexnich
zkousek byla ovéfena funkce bezpe€nostnich systému, jejich vzdjemné
vazby v souladu s pozadavky bezpecnostni a provozni dokumentace
tunelu.

Graf 1
Chart 1
Zavislost rychlosti proudéni vzduchu v tunelu v ¢ase
Dependence of the velocity of air in the tunnel on time
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V odpolednich hodindch probéhla komplexni zkouska vSech bezpe¢-
nostnich systému tunelu Komorany—Cholupice. U zdchranné cesty ¢. 6,
za nouzovym zdlivem pravé tunelové trouby, byl simulovdn poZér
osobniho vozidla za pouZiti zkuSebniho aerosolu. Ten je tvoren neto-
xickymi pevnymi Césticemi (kourem) o velikosti 1-5 pm a plynnou
fazi tvofenou smési oxidu uhli¢itého, vodnich par a nitroznich plyna.

Umistén{ mista pozdru vzhledem k zachranné cesté ¢. 6 je uvedeno
na obrazku 1.

Prubéh zkousek se simulaci poZaru zkuSebnim aerosolem

Zkouska €. 1

Zkouska byla zahdjena iniciaci etanolu v ocelovych vandch
o celkové plose 8 m2 s predpoklddanym celkovym tepelnym vykonem
pozaru cca 1,5 MW a vyvojem koure 20-30 m3/s.

Po identifikaci poZaru teplotnim hldsi¢em elektrické poZarni signali-
zace byly fidicim systémem tunelu provedeny operace, které jsou
v systému prednastaveny a spoustény bez zdsahu obsluhy tunelu.

Pred zahdjenim zkousky byla simulovdna rychlost proudéni vzduchu
v tunelu 4 m/s ve sméru jizdy vozidel.

Zkouska €. 2

Zkouska byla zahdjena iniciaci generdtort aerosolu s vyvojem koute
cca 20-30 m3/s. Pozdr byl identifikovan videodetekei po péti minutdch
a byly ridicim systémem tunelu provedeny operace, které jsou
v systému prednastaveny a spoustény bez zdsahu obsluhy tunelu. Pred
zahdjenim zkousky byla rychlost proudéni v tunelu 0,8 m/s ve sméru
jizdy vozidel.

Ridici systém tunelu provedl u obou zkousek:

e Uzavfen{ tunelu pomoci dopravniho zna¢ent;

* Automatické spusténi proudovych ventildtort v poZdrem zasazené
tunelové troub€ pro dosaZenf kritické rychlosti (2,5-3 m/s) prou-
déni vzdusnin ve sméru jizdy vozidel z duvodu ochrany dcastni-
ku provozu pred G¢inky nebezpecnych produkta vznikajicich pfi
poZaru;

* Automatické spusténi proudovych ventiltort v poZdrem nezasaze-
né tunelové troubé pro dosaZeni souhlasného sméru proudéni jako
v pozérem zasazené troubé pro zabranéni zpétného nasati koure;

* Kontrolu otevienych poZéarnich klapek ve vzduchotechnickém
potrubi v zdchrannych cestich v pozirem nezasazené tunelové
troubg;

e Uzavieni pozarnich klapek ve vzduchotechnickém potrubi
v zdchrannych cestich v poZdrem zasaZené tunelové troubé;

* Spusténi ventildtoru v zdchrannych cestdch v poZdrem nezasazené
tunelové troub€ pro vytvoreni pretlaku cca 30Pa v zéchrannych
cestach;

e Spusténi nouzového osvétleni v tunelovych troubdch a zachrannych
cestach;

e Spustén{ evakuacniho hldSeni v tunelovych troubédch a zéchrannych
cestdch pro informaci déastniku silniéniho provozu o vzniku poZaru.

V prubéhu obou komplexnich zkouSek se simulaci poZaru byly
sledovany nasledujici fyzikalni parametry:
e Rychlost a smér proudéni vzduchu vcéetné zplodin horeni
v zasaZzené tunelové troubé staciondrnimi a mobilnimi anemometry
véetné digitdlniho zdznamu — viz graf 1
* Pribézné méfeni teplot v zasaZzené tunelové troubé pomoci termo-
¢lankd umisténych nad ohniskem poZdru (4 ks), na stativech ve

ventildtor — fan ez A-A = A-A section kabelovy Zlab - cable trough
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Obr. 2 Schéma rozmisteni meéricich zarizeni
Obr. 2 Schéma rozmisténi méricich zarizeni
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vzdalenosti 25 a 70 m od ohniska poziru (4 ks) a na nejblizSim
proudovém ventildtoru ve sméru proudéni zplodin horeni (1 ks) —
viz obr. 2.

Predbézné zavéry z prubéhu provedenych komplexnich zkousek
se simulaci reilného poZaru za vyuZiti aerosolu

Provedené komplexni zkousky se simulaci redlného poZéiru za vyu-
Ziti aerosolu prokdzaly, Ze tunel Komorany—Cholupice pred uvedenim
do provozu spliiuje bezpefnostni pozadavky kladené Ceskymi
a evropskymi predpisy a normami.

O provedenych komplexnich zkouskdch byly soucasné zpracovany
protokoly o naméfenych fyzikdlnich veli¢inach, které byly dany
k dispozici odborné verejnosti a byly zapracovany v grantovém tkolu
¢. FR-TI1/121 Nova feSeni pro vyssi pozarni bezpenost v tunelech,
jehoZ fesitelem je realizator komplexnich zkousek — K.B K. fire, s.r. 0.,
Ostrava.

ING. PETR BEBCAK, Ph.D.,
ING. MARTIN BEBCAK, ING. JAN PETEREK,
ING. JAKUB ULMANN, K.BK. fire, s. r. 0., Ostrava
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VIDEODETEKCE V TUNELECH 513 A 514 SILNICNIHO OKRUHU KOLEM PRAHY
VIDEO DETECTION SYSTEM IN TUNNELS IN CONSTRUCTION LOTS 513 AND 514

OF THE PRAGUE CITY RING ROAD

The paper informs about the installation and de-bugging of
a video detection system in the Cholupice and Lochkov tunnels
being completed on the Prague City Ring Road. This equipment is
an inseparable part of tunnels of the particular category (TA/TB). It
is specified in technical specifications TS98 (Road Tunnel
Equipment), which was updated in 2004 (Ref. No. 449/03-120-
RS/1). The video detection system supplied for these tunnels by
ELTODO Dopravni Systémy s. r. 0. is based on video detection
cards (Traficon VIP-T). These cards represent a multifunctional
processor modulus integrating in one unit, on the principle of
a video analysis, the detection of incidents, namely a vehicle stop-
ping, lost freight, pedestrians, vehicles running against current of
traffic, slow driving vehicles, smoke and collection of traffic data.
Virtual loops are defined in the camera view which delimit areas for
the detection of individual incidents. The video detection system is
fully integrated into the tunnel control system.

V souvislosti s finalizaci praci na technologickych zafizenich
tuneli Cholupice a Lochkov probihd instalace a ladéni systému
videodetekce. Tato technologie je nezbytnou soucdsti tuneld
dané kategorie (TA/TB) a je specifikovdna v dokumentu TP98
(Technologické vybaveni tuneli), aktualizovaného v roce 2004
(¢. j. 449/03-120-RS/1). Videodetekéni systém, kterého dodavate-
lem je ELTODO dopravni systémy, s. 1. 0., je u téchto tunelu zalo-
Zen na bazi videodetekénich karet (Traficon VIP-T). Tyto karty
predstavuji multifunkéni procesorovy modul, na kterych je
v jednom celku na principu analyzy videa integrovana detekce inci-
dentu, jmenovité zastaveného vozidla, ztraceného ndkladu, chodct,
jizdy v protisméru, pomalu jedoucich vozidel, koure a sbér doprav-
nich dat. V pohledu kamery jsou definovdny virtudlni smycky, kte-
rymi jsou vymezeny oblasti pro detekci jednotlivych incidentu.
Virtudlni smyCky rozdélené na jednotlivé jizdni pruhy vytvareji
oblast detekénich bodu, jejichZ rozloZeni je ddno kalibraci kamery.
Citlivymi algoritmy pro vyhodnoceni zmén na detekénich bodech
jsou detekovény incidenty, které jsou pred hldSenim prislusné ové-
fovéany a filtrovdny za cilem vysoké spolehlivosti a minimalizace
poctu faleSnych alarmu. Komunikace mezi videodetekénim systé-
mem a fidicim systémem je redundantni a probiha primarn¢ po inter-
netu, kde jsou prendSené komplexni informace o typu incidentu,
jizdnim pruhu, ¢asu pocatku a ukonceni alarmu vZzdy pro prislusnou

Obr. 1 Ndhled jedné z kamer s virtudlnimi smyckami a detekovanym inciden-
tem (chodec)

Fig. 1 Image provided by one of cameras, with virtual loops and an incident
(a pedestrian) detected in it

kameru. Sekunddrné pak probihd hldSeni pres bindrni kontakty.
Systém videodetekce je pIné integrovan do rfidictho systému vcetné
ovlddani a kvitaci alarmt. Samoziejmosti je automatické fizeni video-
detekce na principu scéndii a automatické prepinani alarmovych
monitord. V pifpadé tuneli na prazském okruhu se jednd
o distribuovany systém, kdy detek¢ni karty jsou spolu s prislusenstvim
umisténé v technologickych mistnostech v tunelovych propojkach. Do
téchto propojek jsou také svedeny videosigndly z kamer z prislusné
sekce tunelu. Na prilozeném obrazku 1 je ndhled jedné z kamer
s virtudlnimi smyckami a detekovanym incidentem (chodec).

ING. MARTIN S‘KODAéEK, skodacekm@eltodo.cz,
ELTODO dopravni systémy, s. r. o.
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

11. MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2010
UNDERGROUND CONSTRUCTIONS PRAGUE 2010 —11™ INTERNATIONAL CONFERENCE

Ve dnech 14. a7 16. Cervna 2010 probéhl v prostordch moder-
niho hotelu Clarion Congress Hotel Prague 11. ro¢nik mezina-
rodni konference Podzemni stavby Praha 2010. Celkem se na
konferenci zaregistrovalo 480 ucastniku z 22 zemi, pritomno
nakonec bylo 460 tcastniku. Ve sborniku bylo oti§t€no 167 pfis-
pévku, 4 tvodni predndSky byly otistény v Casopise Tunel
¢. 2/2010, ktery dostali vSichni Gcastnici spole¢né se sbornikem
(tisténym i na CD) do konferenénich tasek. Oti§téné prispévky
byly z 25 zemi.

V predvecer zahdjeni konference se uskutecnila recepce
v rezidenci primdtora hl. m. Prahy, které se zicastnilo 120 pozva-
nych hosti. Mezi nimi byli vyznamni zahrani¢ni dcastnici,
zdstupci statni sprdvy, vedouci pracovnici partnerskych firem
konference, ¢lenové pripravného vyboru a védecké rady. Hosty
privital predseda Ceské tuneldiské asociace Ing. Ivana Hrdina,
prezident mezindrodni tuneldrské asociace ITA-AITES prof.
In-Mo Lee z Korejské republiky a zdstupce magistratu hl. m.
Prahy.

Vlastni konference byla zahdjena 14. 6. 2010 v 9:00 kratkym
filmem z vystavby silni¢nich tunela na Islandu, kde se razici
museli potykat s velkymi pritoky podzemni vod. Hudebni dopro-
vod tvoril uryvek ze symfonické bédsné Vltava od Bedricha
Smetany. V tdvodu nejprve privital d¢astniky predseda pripravné-
ho vyboru konference Ing. Alexandr Butovi¢, Ph.D. Po ném pro-
mluvili primdtor Prahy MUDr. Pavel Bém (obr. 1), zdstupce
Ministerstva dopravy CR, prezident mezindrodni tuneldiské aso-
ciace prof. In-Mo Lee (obr. 2) a predseda CzTA Ing. Ivan Hrdina,
ktery je souéasné vice prezidentem ITA-AITES (obr. 3).

Uvodni prednasky pripravili prof. Ing. Jifi Bartdk, Dr.Sc., (obr.
4), prof. Ing. Josef Aldorf, Dr.Sc., Dr. Nick Barton z Norska
a prof. Walter Wittke (Némecko). Vzhledem k indispozici
prof. Aldorfa pfednesl jeho prednasku Ing. Lukas Duri§, ktery
svoji nelehkou roli zvlddl vyborné.

Pfes poledni prestivku byl prfedndskovy sdl rozdélen na dva
mensi, ve kterych pak probihaly prezentace v jednotlivych sek-
cich. Béhem dvou dnu bylo celkem predneseno 60 prednasek,
vétSina méla velmi dobrou droven. Zejména vyzvané predndsky
renomovanych zahrani¢nich fe¢niku pritdhly zna¢nou pozornost,
pri téchto predndSkach byly sédly zpravidla plné. Jeden
z vyzvanych prednésejici, prof. Alfred Haack z Némecka, obdr-
Zel od Ceské asociace po své prezentaci pamétni medaili CzTA za
svij dlouhodoby piinos ITA-AITES a osobni vztah k CzTA
(obr. 6).

5

#

Clarion Congress Hotel
Prague****

Obr. 1 Primdtor hl. m. Prahy MUDr. Pavel Bém pri projevu pri zahdjeni
konference
Fig. 1 Mayor of the City of Prague Pavel Bém during his speech

On 14 to 16 June 2010, the 11t annual Underground Constructions
Prague 2010 international conference took place in the modern premises of
the Clarion Congress Hotel Prague. A total of 480 participants registered for
the conference from 22 countries, with 460 participants actually taking part.
The conference proceedings contained 167 printed contributions, and 4 int-
roductory lectures were published in the magazine Tunel, issue number
2/2010, which every participant received with the conference proceedings
(in print and on CD) in their conference bag. The printed contributions came
from 25 countries.

On the eve of the opening of the conference, a reception took place at the
residence of the mayor of the City of Prague, with 120 invited guests taking
part. Among them were important foreign participants, representatives from
the public authorities, directors of the conference sponsor companies, and
members of the preparatory committee and the Scientific Council. Guests
were welcomed by the chairman of the Czech Tunnelling Association,
Ing. Ivan Hrdina, the president of the ITA-AITES international tunnelling
association, Professor In-Mo Lee, from the Republic of Korea, and repre-
sentatives of Prague City Hall.

The conference itself opened at 9am on 14 June 2010 with a short film
about the construction of road tunnels in Iceland, where excavators had to
deal with large inflows of underground water. Musical accompaniment was
in the form of the symphonic poem Vltava by Bedrich Smetana. The ope-
ning began with a welcome to participants by the chairman of the conferen-
ce preparatory committee, Ing. Alexandr Butovic¢, PhD. He was followed by
Prague City Mayor MUDr. Pavel Bém (fig. 1), the representative for the
Czech Ministry of Transport, the president of the International Tunnelling
Association, Prof. In-Mo Lee (fig. 2) and the chairman of CzTA Ing. Ivan
Hrdina, who is currently vice-president of ITA-AITES (fig. 3).

Opening lectures were prepared by Prof. Ing. Jifi Barték, Dr.Sc., (fig. 4),
Prof. Ing. Josef Aldorf, Dr.Sc., Dr. Nick Barton from Norway and
Prof. Walter Wittke (Germany). Due to Prof. Aldorf’s indisposition, his
lecture was given by Ing. Lukds Duri, who mastered his difficult role per-
fectly.

During the lunch break, the lecture hall was divided into two smaller
ones, in which presentations were given in the individual sections. Over the
two days, a total of 60 lectures were given, mostly of an extremely high
level. In particular, the invited lectures by renowned foreign speakers att-
racted considerable attention; as a rule, the halls were full for these lectures.
One of the invited speakers, Prof. Alfred Haack from Germany, received
a CzTA commemorative medal from the Czech association after his presen-
tation for his long-term contribution to ITA-AITES and his personal relati-
onship with CzTA (fig. 6).

In the poster section, 16 posters were received and presented.

Obr. 2 Ucastniky konference pozdravil prezident mezindrodni tuneldrské
asociace ITA-AITES prof. In-Mo Lee

Fig. 2 Conference participants were greeted by the president of the
International Tunnelling Association ITA-AITES, Prof. In-Mo Lee
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Obr. 3 Predseda Ceské tuneldFské asociace a vice prezident ITA-AITES pFi
zahdjeni konference

Fig. 3 Chairman of the Czech Tunnelling Association and vice-president of
ITA-AITES at the opening of the conference

V rdamci posterové sekce bylo prijato a prezentovdno 16 pos-
tera.

Velmi dobre byla obesldna technickd vystava, na které se pre-
zentovalo 33 Ceskych i zahrani¢nich firem (obr. 7).

Spolecensky vecer pro vSechny registrované ucastniky, dopro-
vodné osoby, sponzory a vystavovatele se uskute¢nil v his-
torickém aredlu Brevnovského kldStera veler v pondéli 14. 6.
2010, této zdarilé recepce se zicastnilo 520 osob (obr. 8).

Ve stredu 16. 6. 2010 dopoledne probéhly 4 odborné exkurze,
na které byl prihldSen nésledujici poCet zdjemcu:

Exkurze A — Tunelovy komplex Blanka I. — prihldSeno 60
Gcastniku

Exkurze B — Tunelovy komplex Blanka II. — prfihldSeno 61
ucastniku

Exkurze C — Kolektory v historickém centru Prahy — prihlase-
no 48 ucastniku

Exkurze D — Podzemni vyukové stredisko Josef — prihlaseno
16 ucastnika

Konferenci podpofrilo nésledujicich 19 partnera konference.

Platinovi partneri:

Metrostav a. s., Subterra, a. s., Minova Bohemia, s. r. o.,
Herrenknecht AG

Zlati partneri:

Atlas Copco, s. 1. 0., ARCADIS Geotechnika, a. s., Doprastav
DDM Group

Obr. 5 Ing. Alexandr Butovié, Ph.D., a doc. Ing. Matou§ Hilar, Ph.D., pri
Fizeni konference

Fig. 5 Ing. Alexandr Butovic, PhD, and Doc. Ing. Matous Hilar, PhD, mana-
ging the conference

(Clarion Congress Hotel
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Obr. 4 Prvni tivodni predndsku prednesl prof. Ing. Jiri Bartdk, DrSc.
Fig. 4 The first introductory lecture given by Prof. Ing. Jiri Bartdik, Dr.Sc.

The technical exhibition, which introduced 33 Czech and foreign busi-
nesses, was well praised (fig. 7).

A social evening for all registered participants, accompanying parties,
sponsors and exhibitors took place in the historic Bfevnov Monastery on
Monday 14 June 2010, with 520 people taking part in this successful recep-
tion (fig. 8).

On Wednesday 16 June 2010, four technical excursions took place in the
morning, with the following attendance numbers:

Excursion A — Blanka I Tunnel Complex — 60 participants

Excursion B — Blanka II Tunnel Complex — 61 participants

Excursion C — Collectors in the historic centre of Prague — 48 participants

Excursion D — Josef underground educational centre — 16 participants

The conference was supported by the following 19 conference partners.

Platinum partners:

Metrostav a. s., Subterra a. s., Minova Bohemia s. r. 0., Herrenknecht AG

Gold partners:

Atlas Copco s. 1. 0., ARCADIS Geotechnika a. s., Doprastav DDM Group

Silver partners:

D2 Consult Prague s.r.o., HOCHTIEF CZ a. s., PROMINECON GROUP
a. s., BASF Stavebni hmoty CR s. . 0., GEOTEST Brno, a. s., Sandvik
Mining and Construction Central Europe GmbH, OHL 78, a.s., Zakladani
staveb a. s., SMP CZ a. s., METROPROJEKT Praha a. s., Mott MacDonald
Praha, spol. s . 0., Encardio-rite Electronics Pvt. Ltd.

Media partners:

Silnice Zeleznice and Inzenyrské stavby magazines.

More detailed statistics about the conference, including photographs, can
be found on www.ita-aites.cz
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Obr. 6 Preddni pamétni medaile CZTA prof. Alfredu Haackovi
Fig. 6 Handing over the CzTA commemorative medal to Prof. Alfred Haack




Obr. 7 Stinek firmy Herrenknecht
Fig.7 The Herrenknecht Comp. stand

Stribrni partneri:

D2 Consult Prague, s. r. o., HOCHTIEF CZ, a. s., PROMINE-
CON GROUP, a. s., BASF Stavebni hmoty CR, s. 1. 0., GEO-
TEST Brno, a. s., Sandvik Mining and Construction Central
Europe GmbH, OHL ZS, a. 5., Zaklddani staveb a.s., SMP CZ a. s.,
METROPROIJEKT Praha, a. s., Mott MacDonald Praha, spol.
s r. 0., Encardio-rite Electronics Pvt. Ltd.

Medialni partneri:

Casopisy Silnice Zeleznice a InZenyrské stavby.

Podrobnéjsi statistické tidaje z konference v&etné fotografif 1ze
nalézt na www.ita-aites.cz

Za pripravny vybor a védeckou radu mazZeme prohldsit, Ze kon-
ference probehla bez vétsich obtiZi podle predpoklddaného scéna-
fe a Ze jsme byli s vysledkem trileté pfipravy spokojeni. Pfirozené
doufame, Ze byla konference dostateéné pfinosna a zajimava i pro
vétsinu dcastniku. Zavérem bychom chtéli podékovat viem tdast-
nikim a vystavovatelim, zejména pak vSem fe¢nikum a part-
nerum konference. Véfime, 7e se sejdeme v obdobném &i jeste

vyS§§im poctu na konferenci Podzemni stavby Praha 2013.

Za ptipravny vybor a védeckou radu
ING.ALEXANDR BUTOVIC, Ph.D., alexandr.butovic@satra.cz,
predseda pripravného vyboru
DOC. ING. MATOUS HILAR, Ph.D., hilar@d2-consult.cz,
predseda vedecké rady,

PRAZSKE GEOTECHNICKE DNY 2010
18. PRAZSKA GEOTECHNICKA PREDNASKA

PRAGUE GEOTECHNICAL DAYS 2010
18™H PRAGUE LECTURE ON GEOTECHNICS

The traditional Prague Geotechnical Days and the already 18th
Prague International Lecture on Geotechnics took place on
Monday and Tuesday 24 and 25 May 2010.

A technical seminar on “Pile foundation of structures” took place
the first day morning. A prise for young geotechnicians and engine-
ering geologists for 2009 was awarded after the seminar. The award
went to the Charles University nominee, Mgr. Jan Najser. He attrac-
ted the attendees by the high level of his paper ,, MODELLING OF
LUMPY CLAY FILLS*, which he submitted to the competition.

The main item of the afternoon programme was the 18th Prague
lecture on geotechnics titled ,,The Piled Raft Foundation for the
Burj Dubai - Design and Performance®. The lecture was delivered
by a prominent world’s expert from Australia, Prof. Harry Poulos,
Senior Principal, Coffey Geotechnics. His unique lecture was dedi-
cated to the method applied to the foundation of one of the world’s
currently highest buildings.

Already an umpteenth workshop took place next day, this time
on “Risks of designing and constructing pile foundation”.
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Obr. 8 Ucastnici spolecenského vedera v Terezidnském sdle Brevnovského kldstera
Fig. 8 Participants at the social evening in the Terezian Hall at Bievnov Monastery

On behalf of the Preparatory Committee and the Scientific Council we
can say that the conference took place with no major problems in accordan-
ce with the predicted scenario, and we were satisfied with the results of the
three years of preparation. Naturally, we hope that the conference was bene-
ficial and interesting enough for the majority of participants. To conclude,
we would like to thank all the participants and exhibitors, and primarily all
the speakers and conference partners. We hope to meet again in similar or
even greater numbers at the Underground Constructions Prague 2013 con-
ference.

On behalf of the Preparatory Committee and Scientific Council:
ING. ALEXANDR BUTOVIC, Ph.D., alexandr.butovic@satra.cz,
Chairman of the Preparatory Committee
DOC. ING. MATOUS HILAR, Ph.D., hilar@d2-consult.cz,
Chairman of the Scientific Council

V pondéli a v dtery 24. a 25. kvétna 2010 probéhly tradi¢né
Prazské geotechnické dny a jiz 18. Prazskd mezindrodni geotech-
nickd predndska.

Tato odbornd akce s mezindrodni Gcasti byla poradéna jako vzdy spo-
le¢nosti ARCADIS Geotechnika, a. s., spolu s CaS vyborem Mechaniky
zemin a zakladan{ staveb ve spolupréci s CGtS a s patronaci UTAM AV
CR v budové Akademie véd CR, Praha 1, Ndrodn{ tifda 3.

Prvni den dopoledne se konal odborny semindf na téma Pilotové
zakladani staveb.

V ramci seminére byly predneseny prednasky:

—1Ing. Josef Libal: Moderni metody zkouseni pilot (Arcadis

Geotechnika)

— prof. Ing. Peter Turéek, Ph.D.: Prehodnocovanie hlbkového
zakladania vysokych budov v Bratislave (SvFT STU
Bratislava)

—doc. Ing. Jan Masopust, CSc.: Vyuziti pilotovych zakladu
v sanaci staveb (VUT Brno)
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Po seminafi byla vyhldSena cena pro mladé geotechniky a inZenyr-
ské geology za rok 2009, kterd je kazdoro¢né udélovéana za nejlepsi
predloZené préce v prislusném roce. Ocenéni je udélovano spoleéné
spole¢nosti Arcadis Geotechnika a obéma profesnimi spole¢nostmi
(Ceska geotechnickd spole¢nost a Ceskd asociace inZenyrskych geolo-
gu).
Ocenény geotechnik, Mgr. Jan Najser, nominovany Univerzitou
Karlovou, Pifrodovédeckou fakultou, Ustavem hydrogeologie, inZe-
nyrské geologie a uzité geofyziky, pak pritomné zaujal vysokou trov-
ni své price MODELLING OF LUMPY CLAY FILLS, kterou do sou-
teze predlozil.
Hlavnim bodem odpoledniho programu byla 18. Prazskd geotech-
nicka predndska na téma The Piled Raft Foundation for the Burj Dubai
-- Design and Performance. Pfedndsku prednesl predni mezinarodn{
odbornik z Austrdlie, prof. Harry Poulos, Senior Principal, Coffey
Geotechnics. Jeho jedine¢na prednéska se vénovala zpusobu zaloZeni
jedné z nejvyssich budov svéta soucasnosti.
Druhy den pak probéhl jiz po nékolikété workshop, tentokrit na
téma: Rizika navrhovani a provadéni pilotovych zaklada. Workshop
byl skvéle moderovan docentem Masopustem a prof. Poulosem a jako
obvykle vyprovokoval zZivou debatu, do které se zapojila rada pritom-
nych poslucha¢t. Predtim byly ovSem v tivodu workshopu predneseny
struéné vyzvané diskusni prispévky na témata:
— Defects in Piles — Effects and Remedies
— prof. Harry Poulos,

— Je Eurokéd prinosem pro hlubinné zakladani?
—doc. Ing. Jan Masopust, CSc.

— Ruzné pristupy k navrhovani pilotovych zikladu
— Ing. Jan Kos, CSc., katedra geotechniky CVUT

— Priklady technologickych vlivu a chyb na pilotach
— Ing. Jiff Ricica, predseda ADSZS

ZPRAVA Z WTC 2010 VE VANCOUVERU
REPORT FROM THE WTC 2010, VANCOUVER

Ing. Otakar Hasik, who attended the World Tunnel Congress WTC
2010 in Vancouver, is informing Czech and Slovak readers of TUNEL
journal about the Congress course. He mentions the operation of the
recently completed Canada Line light rail transit project and the fact
that Ing. Ivan Hrdina, the chairman of the Czech Tunnelling
Association, has been elected one of four ITA-AITES vice-presidents
for the term ending in 2013.

Vancouver leZi na zapadnim pobrezi Kanady u Tichého ocednu. Je
to privétivé mésto s pratelskymi lidmi, kde nepotkdte mnoho Cernocht
ani extrémné obéznich lidi, takZe si pripaddte spiSe jako v nékterém
z evropskych velkomést. Pristavni mésto je obklopeno zalesnénymi
horami, takZe jiZ nenf prostor na dalsi bourlivy rozvoj a bydleni je zde
pulzujici velkomésto Severni Ameriky.

Nedavno bylo dokonéeno ,,lehké metro* Canada line. Jeho tfi vagé-
ny a 60 m dlouhd ndstupisté najdete v kteroukoli denni i no¢ni dobu
poloprazdna, protoze Kanadané stejné jako Ameri¢ané jsou zvykli
pouzivat hlavné auta. Ale letos v dobé olympiddy Canada line slouZzi-
la velmi dobfe a prepravila tfikrat vice cestujicich neZ obvykle. Trat
vede z letiSté prevazné na mostech a v centru v tunelech v hloubce
10-15 m pfimo pod mrakodrapy. Pii raZzeni metra strojem TBM
v piskovcich, prachovcich a glacidlnich jilech (sandstone, siltstone,
glacial till) pasobil jako expert prof. Eisenstein.

Na kongresu 14.-20. 5. 2010 se setkalo a v kulodrech Ziveé debato-
valo 950 pratel tunelt ze 48 zemi. Jak se jiz stalo tradici pro svétové
konference mimo Evropu, bylo vSe vletné spoleCenského programu
pordddno v jedné budové. Pro tcastniky je to trochu nudné, ale pora-
datelum to uSetii naklady stejné jako dvé skleniCky piti pro jednoho
tcastnika na vecer.

Pred vlastnim kongresem probéhl dvoudenni kurz General
Tunnelling, déle jedndni vybora ITA COSUF (provozni bezpecnost
a vybaveni), ITA-CET (vzdélavani) a ITACUS (planovéani podzemi)
a také zasedani pracovnich skupin.

Obr. 1 Pohled na iicastniky praZskych geotechnickych dnu 2010
Fig. 1 View of the Prague Geotechnical Days 2010 attendees

— Geotechnické aspekty stability pilotovaci soupravy
— Ing. Jan Novotny, CSc., Arcadis Geotechnika, a. s.

Workshop byl zakoncen diskusi fady pritomnych odborniku.

Celé Prazské geotechnické dny, které se konaly jiZ po 15, byly prile-
Zitosti, aby se Ceskd i slovenskd odborna verejnost sesla k vyslechnuti
vysoce kvalitnich odbornych piispévkd, a to veetné prispévki jednoho
z nejvyznamnéjsiho svétového specialisty v daném oboru.

DOC. ING.ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz, ARCADIS GEOTECHNIKA, a. s.

P

Cegti G&astnici byli zastoupeni zejména ve WG 14 Mechanické tune-
lovani a WG 19 Konven¢ni tunelovdni. Kritice byl podroben report
WG 14, ktery vychvalil tunelovaci $tity jako nejlepsi pro jakékoli tune-
larské prace. Bylo doporuceno prepracovat dokument tak, aby obsaho-
val fakta a ne pouze ndzory. Hlavnim vystupem skupiny WG 19 pro
pristi obdobi bude report Guideline on special contractual aspects of
conventional tunnelling.

V jedné z uvodnich predndSek byly zajimavymi prezentacemi
vyzdviZeny tfi pracovni skupiny, WG2: Research, WG15: Under-
ground and Environment a WG17: Long Tunnels at Great Depth, které
se zabyvaji obzvlast novatorskymi tématy a clenové ITA-AITES byli
vyzvéni k zapojeni se do ¢innosti uvedenych skupin.

Technicky program byl rozdélen do neobvykle velkého a podrobné
déleného mnoZstvi 14 témat. Predstavme alesponi nékteré, napr.




Obr. 2 Metro Canada Line — stanice na estakddé Marine Drive

TO1-Innovative Techniques and Advances in Geotechnical
Investigations for Tunnel Projects. Zde se nékolik prispévku vénovalo
predviddni horninového prostiedi pred celbou nebo tunelovani
v krasovych hornindch. Nedd mi nezminit predndsku sympatické
Cifianky M. Zhang o 159 tunelech celkové délky 339 km na Zelezni&-
ni trati ve stfedni Ciné. Mnohé tunely jsou raZeny v krasovych horni-
ndch. Béhem razby tunelu Maluqing nastal pruval vody do tunelu
720 000 m3/hod, ktery zpusobil i vyplaveni téZkych kontejnert
a stroju. Pfi pohledu na fotografie i renomovani odbornici hlesli udi-
vem a nékdo si neodpustil mySlenku: ,,A co 1idi? Otédzka radéji zusta-
la nezodpovézena. V jiném tunelu se prochdzely obrovské podzemni
prostory. Takovy projekt je moznd za hranici nasi predstavivosti.

Pro naSince byly ur€ité aktudlni dal$i témata: Tunnelling in Soft
Ground, Hard Rock Tunnelling, New Advances and Innovation in
Mechanized Tunnelling, Tunnel Lining and Grouting. Vice pfednasek
bylo k v posledni dobé se rozvijejicimu oboru Risk Assessments and
Commercial Aspects for Tunnel Projects.

Pochopitelné mnoho predndsek bylo od kanadskych a americkych
autoru, ale taky z Asie. Sbornik predndsek byl zastoupen pouze ttlou
brozurkou s abstrakty a flash diskem.

7Ze byl kongres pro &eskou vypravu dspéiny, podtrhuje fakt, Ze pred-
seda ¢eské asociace ITA-AITES Ing. Ivan Hrdina byl zvolen vicepre-
zidentem svétové ITA pro obdobi do roku 2013.
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Obr. 4 Metro Canada Line — konecnd stanice na letisti

Pristi svétovy tunelarsky kongres bude v Helsinkdch ve Finsku od
21.do 26. kvétna 2011.

ING. OTAKAR HASIK, hasik@metroprojekt.cz,
METROPROJEKT a. s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA-PELC-TYROLKA

Tunel Spejchar-Pelc-Tyrolka (Kralovska obora)

V dubnu byla dokoncena razba opéfi STT (severni tunelové
trouby) a JTT (jizni tunelové trouby), v cervnu pak razba dna
dvoupruhového tunelu JTT. V misté kfizeni STT a JTT
s propojovacim kandlem vzduchotechniky bylo provedeno pro-
hloubeni dna o 1,3 m ve Ctyfech zdbérech po cca 7 m
a vybetonovdna Zelezobetonova deska pro zvysSeni tuhosti dna
STT a JTT. Soucasné s razbou prohloubeného dna byly provede-
ny z drovné dna ochranné destniky ze svorniki R51L délky 12 m
a Sikmé mikropiloty z trubek 114/6,3 mm o délce 8 m.
V soucasné dob¢ probihaji pripravné prdace pro zahdjeni razby
kaloty vzduchotechnického kandlu 04 ze strojovny VZD (vzdu-
chotechniky). Pokracuji razZby dna obou tunelovych trub, z toho
v tiipruhovém JTT zbyvd vyrazit poslednich 39 m, v STT potom
zbyva jesté cca 138 m dna tfipruhového tunelu a 258 m dna dvou-
pruhového tunelu. V soubéhu s razbou dna obou tunelovych trub
byla dokonlena razba kaloty a op€fi strojovny VZD v délce

THE CZECH REPUBLIC

MYSLBEKOVA-PELC-TYROLKA SECTION OF THE
CITY CIRCLE ROAD

The Spejchar - Pelc-Tyrolka tunnel (Kralovska Obora)

The excavation of the bench in the NTT (northern tunnel
tube) and the STT (southern tunnel tube) was finished in April,
while the excavation of the bottom of the STT of the double-
lane tunnel was finished in June. The bottom was deepened by
1.3m in the location where the NTT and STT intersect with
a connecting ventilation duct. The operation was carried out in
four approximately 7m long rounds. A reinforced concrete slab
was cast with the aim of increasing the toughness of the NTT
and STT bottoms. Simultaneously with the excavation for the
deepened bottom, spiling umbrellas consisting of 12m long
R51L rock bolts and inclined micropiles (8m long tubes
114/6.3mm) were installed from the bottom level, simultane-
ously with the excavation. Enabling works are currently in pro-
gress for the commencement of the excavation of the top hea-
ding of the ventilation duct 04 from the ventilation plant room.
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123,392 m s plochou vyrubu 235 m2. Byla zahdjena razba vzdu-
chotechnického kanalu ze strojovny VZD a k dneSnimu dni je
vyrazeno cca 55 m kaloty. V TGC (technologickém centru) 4 byl
uzavien prurez tunelu primdrnim osténim v celé délce 72 m.
V misté kiizeni s STT a v miste propojeni s TP B13 v délce cca
21 m bylo dno TGC prohloubeno o 4 m z divodu napojeni na
technologické kanély STT.

V soubéhu s razbami je provadéno definitivni osténi tunelo-
vych prafezi. K dne$nimu dni je vybetonovdno 1427 m spodn{
klenby (120 sekci) a 1280 m horni klenby (108 sekci) dvoupru-
hového tunelu JTT a 683 m spodni klenby (58 sekci) dvoupruho-
vého tunelu STT. Pfi provadéni definitivniho osténf tfipruhového
tunelu JTT z Letné je k dneSnimu dni vybetonovano 186 m spod-
ni klenby (18 sekci) a je poloZzena hydroizolace ve Etyfech sek-
cich horni klenby. Zahdjeni betonaze horni klenby se predpokla-
dd na konci Cervence.

TUNEL MYSLBEKOVA-PRASNY MOST (BRUSNICE)

Béhem celého 1. pololeti roku 2010 probihala razba obou rour
na tunelech Brusnice dle predstav. Razba STT v profilu od cca
172 do 205 m? probihala v oéekdvanych geologickych podmin-
kach az do staniceni 13,034 60 km, které umoznily vyrazit cca
400 m z celkovych 550 m horizontdlnim zpusobem ¢lenéni Celby.
Na zdkladé vysledkt dopliujiciho geologického pruzkumu, ktery
potvrdil a upresnil ofekdvané zhorSeni geotechnickych podmi-
nek, byla pak razba (od uvedeného stani¢eni) provadéna svislym
¢lenénim vyrubu s dal§imi dopliujicimi opatfenimi vCetné mik-
ropilotového ochranného destniku @ 114/10. Timto zpusobem
bylo vyrazeno dalSich cca 70 m levého a 55 m pravého opérného
tunelu a také cca 40 m stredni kaloty, pri¢emz vysledky geotech-
nického monitoringu vykazovaly trvale priznivé hodnoty.

Dne 5. 7.2010 v cca 23.30 hod. doslo pfi rozsifovani na cely
profil béhem likvidace provizornich stén opérovych tunelt ke
ztraté stability nadloZi v blizkosti Celby stiedni kaloty tunelu.
Nadsledny zdval zpusobil propad nadloZi aZ na povrch a zasypéani
&4sti tunelu. Pribéh mimotrddné uddlosti byl nefekany, velmi
rychly, bez predchozich varovnych projeva.

Svoland havarijni komise urc¢ila postup likvidace havdrie:
v podzemi byl proveden stabilizacni zdsyp rubaninou v cele
zavalu, bylo provedeno zpevnéni zdsypu armovanou deskou ze
stifkaného betonu, byla provedena postupnd betondZz propadu
z povrchu a souCasné byla provddéna dopliujici bezpe&nostni
méfeni v podzemi i na povrchu.

Béhem asi 3 dnu byly provedeny veskeré zajistovaci prace jak
v podzemi, tak i na povrchu, kdy bezpecnostni métreni potvrdila
spravnost zvolenych a provedenych opatieni. Razba obou tunelu
viak zustdvd zastavena az do doby vySetfeni pri¢iny havarie pfi-
slugnym OBU.

Rovnéz razba JTT probihala az do souc¢asného stani¢eni kaloty
(cca 370 m) horizontdlnim ¢lenénim. Ve chvili mimorddné uda-
losti v STT se na kaloté jizniho tunelu nerazilo, nebot’ zde probi-
haly prédce na uzavirdni dna.

V soucasné dobé probihaji prace na technickém reSeni dalSich
sanaénich praci v misté propadu a pripravuje se zahdjeni razby
STT z jdmy PraSny most.

Pro JTT plati, 7e bude doraZen tak, jak bylo puvodné zamysle-
no, tedy smérem od stavebni jamy Myslbekova do jamy Prasny
most, kde zbyva cca 180 m.

TUNELY VMO DOBROVSKEHO

Razby v obou tunelovych troubdch byly dokondeny vetné
vylomu dna protiklenby. Na obou liniovych dilech se nyni beto-
nuje definitivni osténi tuneld. Dokon&uje se betondZ osténi klen-
by na tunelu TII a na tunelu TI je hotovo vice neZ 700 m. V rdmci
proudové vystavby byla na obou tunelovych rourdch zahdjena
rovnéZ i betondz mezistropu. Z tunelu TI, ktery md na starosti
firma OHL ZS, a. s., se provadi také definitivni betonové osténi
tunelovych spojek. Vystavbu monolitického osténi tunelové trou-
by TII zajituje Subterra, a. s. Rada monitoringu pribézné vyhod-
nocuje vSechny vysledky méreni. Vyvoj poklesové kotliny na
obou rourdch je dosud v souladu s ocekdvanymi hodnotami dle
projektu.

The excavation of bottoms of both tunnel tubes has continued
(last 39m remain to be excavated in the triple-lane STT; about
138m and 258m remain to be excavated in the triple-lane and
double-lane tunnels, respectively. The excavation of the top
heading and bench of the ventilation plant cavern (the length of
123.392m; the excavated cross-sectional area of 235m?) was
finished concurrently with the excavation of the bottoms of both
tunnel tubes. The excavation of the ventilation duct started from
the ventilation plant cavern; about 55m of the top heading have
been finished to date. In the Technical Services Centre (TSC) 4,
a primary lining closed the tunnel cross-section throughout the
length of 72m. The TSC bottom was deepened by 4m at a length
of about 21m in the location where it is crossed by the NTT and
where TP B13 cross passage links to it to allow the connection
to NTT service ducts.

The final lining of tunnel profiles is being installed simulta-
neously with the excavation. To date, 1,427m of the invert
(120 casting blocks) and 1,280m of the upper vault (108 cas-
ting blocks) have been completed in the double-lane STT; cas-
ting of 683m of the invert (58 casting blocks) has been finis-
hed in the double-lane NTT. 186m (18 casting sections) of the
permanent invert have been cast in the triple-lane STT tunnel
from Letnd. Waterproofing has been installed on the upper
vault blocks in this section. The commencement of casting of
the upper vault is planned for the end of July.

MYSLBEKOVA-PRASNY MOST (BRUSNICE) TUNNEL

The excavation of both tunnel tubes of the Brusnice tunnels
continued throughout the first half of the year as expected. The
NTT excavation (excavated cross-sectional area of 172 to
205m?) passed through anticipated geological conditions up to
chainage km 13.03460. Owing to these conditions it was pos-
sible to complete about 400m of the total length of 550m using
a horizontal excavation sequence. Based on results of
a supplementary geological survey, which confirmed and spe-
cified in more detail the anticipated worsening of geotechnical
conditions, the excavation proceeded from the above-mentio-
ned chainage using a vertical excavation sequence with addi-
tional measures, including the installation of canopy tube pre-
support (tubes @ 114/10). About 70m of the left-hand side-
wall drift and 55m of the right-hand side-wall drift, as well as
about 40m of the central top heading were driven using this
system, with the geotechnical monitoring results indicating
continually favourable values.

On 05/07/2010 at about 23:30 hours, during the work on
removing temporary walls of the side-wall drifts required for
enlarging the excavation to the whole profile, the overburden
stability loss took place in the vicinity of the central top hea-
ding face. Subsequently a daylight collapse developed, with
a part of the tunnel filled with debris. The course of the extra-
ordinary event was unexpected, very fast, without preceding
warning signals.

The committee summoned to solve the incident determined
the procedure for removing the collapse: stabilisation backfill
using the muck was carried out in the underground at the front
end of the collapse, the backfill was reinforced by a reinforced
shotcrete slab, the cavity was step-by-step backfilled with
concrete from the surface and, simultaneously, supplementary
measurements were conducted both in the underground and on
the surface.

All stabilisation measures were implemented both in the
underground and on the surface during 3 days. Safety measu-
rements confirmed that the adopted and implemented measu-
res were correct. Anyway, the excavation of both tunnels will
remain suspended until the cause of the collapse is determined
by the relevant Regional Bureau of Mines.

The STT excavation also proceeded up to the current top
heading chainage using the horizontal sequence. No excavati-
on work was being carried out at the STT top heading at the
moment of the collapse in the NTT because there was the bot-

tom being closed there.



Obr. 1 Pohled na portdl pristupového tunelu Markéta
Fig. 1 A view of the Markéta access tunnel portal

Obr. 3 Razba prvnich metru pristupového tunelu Markéta
Fig. 3 Driving initial metres of the Markéta access tunnel

PRODLOUZENI TRASY METRA VA

Zahajeni vystavby pristupovych tunelt
Markéta a Katefina

V souvislosti se zahdjenim praci na prodlouZeni trasy metra
A byly zapocaty prace i na podzemnich stavebnich objektech.
Slavnostni zahdjeni razeb se konalo dne 21. cervna 2010.
Zucastnil se ho primédtor mésta Prahy MUDr. Pavel Bém spolu
s duchovnim z Bfevnovského klastera Michaelem Spdnem.
PoZehndnim a osazenim svaté Barbory na portdlu se tradi¢nim
zpusobem oteviela razba pristupového tunelu Markéta o délce
520 m. Vyznamné udélosti se ucastnili predstavitelé hlavniho
mésta, méstské Cdasti Praha 6, zdstupci investorskych
a dodavatelskych organizaci i verejného Zivota. Ve svych nefor-
maélnich proslovech vyzdvihli vyznam této stavby z pohledu feSe-
ni prazské integrované dopravy i z pohledu aspektu pro sou¢asnou
obtiznou hospodarskou situaci mésta i statu. Na pristupovy tunel
bude navazovat razend jednolodni stanice Petfiny, kterd je jednou
ze tii razenych stanic spole¢né se stanicemi Veleslavin a Cerveny
Vrch nového tseku metra. Na spole¢ném zarizeni stavenisteé zaha-
jil razbu druhého pristupového tunelu Katefina délky 145 m part-
ner ve sdruZeni, firma Hochtief. Pfistupovy tunel bude slouZit pro
raZbu jednokolejnych a dvoukolejnych tunelt pred hloubenou sta-
nici Motol.
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Obr. 2 Pater Michael glvnin Zehnd soSku sv. Markéty
Fig. 2 Father Michael Stépdn blessing Saint Margaret statuette

Currently the work on the technical solution for additional
stabilisation works in the collapse location is underway. The
commencement of the NTT excavation from the Prasny Most
construction pit is being prepared.

It applies to the STT that the excavation will be completed
as originally planned, in the direction from the Myslbekova
construction pit toward the Prasny Most construction pit
(about 180m remain to be excavated).

DOBROVSKEHO TUNNELS ON THE LARGE CITY
CIRCLE ROAD IN BRNO

The excavation in both tunnel tubes has been finished, inc-
luding the excavation for the invert. The final concrete lining
is currently being cast in both tunnels. The upper vault casting
is being completed in tunnel TII, while over 700m of the vault
casting has been completed in tunnel TI. Casting of the inter-
mediate deck also started in both tunnel tubes in the frame-
work of the rolling program. The final concrete lining of cross
passages is being installed from tunnel TI, which is being built
by OHL ZS a.s. The cast-in-situ concrete lining of tunnel tube
TII is being carried out by Subterra a.s. The Monitoring Board
continually assesses all measurement results. The settlement
trough develops above tunnel tubes in line with the anticipated
values set in the design.

METRO LINE A EXTENSION

The commencement of construction of Markéta
and Katefina access tunnels

The work on underground structures started in the context of
the commencement of works on the metro line A extension.
The groundbreaking ceremony took place on 21st July 2010. It
was attended by the Lord Mayor of Prague MUDr. Pavel Bém
together with Michael Stépdn, a priest from the Bfevnov
monastery. The excavation of the Markéta access tunnel
(520m long) was opened by a blessing and installing Saint
Barbara’s statuette. The important event was attended by
representatives of the City of Prague, the municipal district of
Prague 6, representatives of client and contractor organisati-
ons and public organisations. In their informal speeches they
praised the importance of this project for the solution for the
Prague Integrated Transport System and mentioned aspects of
the current difficult economic situation of the city and the
state. Petfiny mined single-span station will link to the access
tunnel. It is one of three mined stations, together with
Veleslavin and éerveny Vrch stations, to be built on the new
metro line section. Hochtief a.s., a member of the consortium,
started the excavation of the other access tunnel, the 145m



TUNELY NA ZELEZNICNI TRATI
PRAHA-CESKE BUDEJOVICE

USEK: VOTICE-BENESOV U PRAHY

Zahradnicky tunel nejdelsi z péti Zelezni¢nich tuneld tohoto
useku je témer kilometr dlouhy. V dobé uzdvérky tohoto &isla
zde bylo vyrazeno pres 700 m v kaloté a také 300 m bylo jiZ
odtéZeno a zaji$téno primarnim osténim v drovni op€fi tunelu.
Soucasn¢ budovand dnikovd Sachta ze Zahradnického tunelu
o celkové hloubce 26 m a priméru 8 m md jiZ vybetonovdno
definitivni osténi a probihd jeji vystrojovdani pozadovanymi
konstrukcemi a vybavenim. Prace provadi Subterra, a. s.

Olbramovicky tunel je v soucasné dobé jiZ vyraZeny.
Pripravuje se betonaZz definitivniho osténi, kterd bude zahédjena
v hloubeném useku tunelu.

Préce na zbyvajicich tfech tunelech (véetné€ jednoho hloube-
ného) v budouci trase Zeleznice dosud nebyly zahdjeny.
Za&étek razeb Tomickych tuneld je pfitom napldnovan na srpen
tohoto roku.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Od data havdrie v listopadu lonského roku stdle tento tunel
¢ekd na rozhodnuti investora o dalSim postupu vystavby.
Jinymi slovy jeSté nenastaly vSechny potiebné skuteénosti,
které by umoznily pokracovat v daném dile.

ZPRISTUPNENI BRNENSKEHO PODZEMI

V minulém ¢isle jsme konstatovali, Ze v dubnu 2010 byla tato
nevelkd stavba v centru Brna, jejiz soucdsti byly i ru¢né razené
propojovaci $toly nékterych atraktivnich ¢asti brnénského pod-
zemi dokoncena. Tato informace ovS§em neodpovidd dnesnimu
stavu, protoze byla investorem ndsledné rozsifena o nékteré
dal3i stavebni objekty (napf. o vétraci Sachtu), coz prodlouZzilo
stavbu do cervence roku 2010. Stavbu provadi Subterra, a. s.

DALNICE D8-805 — LOVOSICE-REHLOVICE

V obdobi od sepsdni poslednich aktualit se prdce na tunelo-
vych stavbach ddlnice D8 Lovosice—Rehlovice pres Ceské stie-
dohori vyrazné posunuly. Po prekondni vSech legislativnich pre-
kéazek a vydani stavebniho povoleni na zbyvajici dsek tunelu
Radej¢in se razba v obou tunelovych troubach rozebéhla na plné
obrétky. Dokonceni razeb kalot obou tunelovych dél kompliko-
valy zastiZzené geologické podminky, prezentované zejména
vyskytem silné zvétralych pis¢itych tufu. Nepfiznivé geotech-
nické poméry si vyzadaly obezfetny postup pri razbé a doplnéni
primdrniho osténi o dodate¢né vystrojovaci ¢i stabilizaéni prvky.
Diky dobfe provedenému inZenyrsko-geologickému prizkumu
bylo vedeni stavby v&etné osddek technologicky i materidlové
na zmény v zastizené geologii dobre pripravené. V souétu obou
tunelovych trub (JTT a STT) byly dokonceny zbyvajici razby
kalot v celkovych délkdch 446 bm. Razby opéfi a dna byly pro-
vedeny v délce 393 m v JTT a v délce 278 m v STT, coz pred-
stavuje dokon&eni 75 % razenych délek tunelu vystrojenych
v uzavieném primdrnim osténi. Pro v€tsi operativnost pohybu
jedné strojni sestavy mezi tunelovymi troubami byla vyraZena
i posledni tunelovd propojka. Dokonéeni razeb se predpoklada
do konce srpna 2010. Po nich bude nasledovat kompletni vycis-
tén{ tunelovych prufezl, kontrola a pripadnd reprofilace priméar-
niho osténi.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV, a. s.,

ING. KAREL FRANCZYK, Ph.D., k. franczyk@subterra.cz,
SUBTERRA, a. s.

SLOVENSKA REPUBLIKA

REKONSTRUKCIA TUNELA POD HRADOM
V BRATISLAVE

Price na rekonStrukcii tunela pod Hradom boli ukoncené
uz na konci mdja 2010. V priebehu jina prebiehali skusky
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long Katefina tunnel, from the common site facility. This
access tunnel will be used for the excavation of single-track
and double-track tunnels before Motol cut-and-cover station.

TUNNELS ON VOTICE — BENESOV U PRAHY SECTION
OF PRAGUE - CESKE BUDEJOVICE RAILWAY LINE

The Zahradnice tunnel, which is the longest of the five tun-
nels on this track section, is nearly one kilometre long. As this
TUNEL issue went in press, over 700m of the top heading
excavation were completed and 300m of the bench were exca-
vated and provided with a primary lining. The Zahradnice tun-
nel escape shaft (26m deep, 8m in diameter), which is being
constructed simultaneously, has already the final concrete
lining completed and accessory structures and equipment are
being installed. Subterra a.s. is the contractor. The
Olbramovice tunnel excavation has been completed. Casting
of the final lining is under preparation. It will start in the cut-
and-cover tunnel section.

The work on the remaining three tunnels (including one cut-
and-cover tunnel) on the future alignment of the rail track has
not commenced yet. The commencement of the Tomice tunne-
Is excavation is planned for August 2010.

JABLUNKOV NO.2 RAILWAY TUNNEL

This tunnel has been waiting for client’s decision about the
next construction procedure since the collapse which happe-
ned in November 2009. In other words, all of the conditions
allowing the works to continue have not been met yet.

OPENING OF BRNO UNDERGROUND SPACES
FOR PUBLIC

We stated in the previous TUNEL issue that this smallish
construction in the centre of the city of Brno, part of which
were hand-mined galleries interconnecting some attractive
parts of the Brno underground, was completed in April 2010.
But this information does not correspond to the actual state
because the client subsequently expanded the contract, adding
some structures (e.g. a ventilation shaft) to it. Owing to this
decision the construction period was extended till July 2010.
Subterra a.s. is the contractor for this construction.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The work on the tunnel structures on the Lovosice — Rehlo-
vice section of the D6 motorway, running through the Ceské
Stredohori Highlands, has significantly moved ahead since the
previous Current News. Once all legislation obstacles had
been overcome and the building permit had been issued for the
remaining section of the Radej¢in tunnel, the excavation of
both tunnel tubes started in full swing. The completion of the
top heading excavation in both tubes was complicated owing
to the encountered geology, consisting first of all of heavily
weathered sandy tuffs. The unfavourable geology required
careful proceeding during the construction and addition of
means of support and stabilisation elements to the primary
support system. Thanks to the properly conducted engineering
geological survey, the contractor’s managing staff and mining
crews were well prepared for changes in geology in terms of
the technological and material requirements. In a total cove-
ring both tunnel tubes (STT and NTT), remaining top heading
excavation was finished at the lengths of 446m. The bench and
invert excavation was completed at the lengths of 393m and
278m in the STT and NTT, respectively. This means that 75%
of the mined tunnel lengths provided with a closed primary
lining have been completed. The last cross passage has bee
driven through with the aim of increasing the operativeness of
switching a single mining equipment set between the tunnel



Obr. 1 Juzny portdl tunela Turecky vrch
Fig. 1 Southern portal of the Turecky Hill tunnel

technologického vybavenia tunela a tieZ boli dokoncované
useky vodovodu DN 800 pred vychodnym portdlom tunela.
K otvoreniu tunela a jeho uvedeniu do prevadzky v sticasnosti
chyba ukoncenie kolaudacnych procedir. Predpoklada sa, Ze
elektrickovd doprava v tuneli za¢ne az v auguste. Tunel dlzky
792 m bol vybudovany a otvoreny v roku 1949 ako cestny, ale
od prvej komplexnej rekonstrukcie v roku 1983 slizi elektric-
kovej doprave. Investorom rekonstrukcie bol Dopravny pod-
nik Bratislava, a. s., projektantom Terraprojekt, a. s.,
Bratislava a zhotovitelom ZdruZenie pre elektricku pod hra-
dom tvorené firmami OHL ZS, a. s., Skanska BS, a. s.,
a Trnavska stavebna spoloc¢nost, a. s.

TUNEL TURECKY VRCH

Zaciatkom leta 2010 pokracovali razi¢ské prace na vystavbe
prvého slovenského moderného Zelezni¢ného tunela Turecky
vrch (obr. 1) dlzky 1775 m. Tunel je sucastou Zelezni¢ného
useku Nové Mesto nad Vdhom-Zlatovce na trati Bra-
tislava—Zilina. Zhotovitelom stavby je zdruZenie vedené spo-
lo¢nostou OHL ZS, a. s., a &lenmi zdruZenia sd Skanska BS,
a. s., Vahostav Sk, a. s., Doprastav, a. s., a Eltra, spol.
s 1. 0. Investorom sii Zeleznice Slovenskej republiky. Od juz-
ného portdlu bolo ku koncu juna vyrazenych 285 m kaloty,
resp. 200 m stupna. Od severného portdlu prace pokracovali
razenim, pricom na konci juina bolo vyrazenych 214 m kaloty,
resp. 131 m stupna. Okrem razenia hlavnej tunelovej rdry
pokracovalo aj razenie tnikovej $tdlne, kde bolo vyrazenych
190 m.

PPP PROJEKTY NA VYSTAVBU DIALNIC

Pocas prvého polroku 2010 sa rozbehli aj pripravné prace
(Early works) na tretom baliku PPP, na dialnici D1 v tseku
Hricovské Podhradie-Dubn4 Skala s celkovou dizkou 29 km.
Koncesiondrom je spolo¢nost’ Zilinska dialnica, s. 1. 0., zalo-
Zend spolo¢nostami Hochtief PPP Solutions, Alpine Bau,
Western Carpathians Motorway Investors Company a FCC
Construccion. Stucastou prebiehajucich pripravnych prac su aj
portdlové zarezy pre tunely Ovciarsko (zdpadny aj vychodny
portél) ako aj a Visnové (len zdpadny portal).

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.,

ING. VIKTORIA CHOMOVA,
chomovd@dopravoprojekt.sk,
DOPRAVOPROJEKT, a. s.
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tubes. The completion of the excavation is planned for the end
of August 2010. Then complete cleaning of the tunnel profiles,
checking and contingent re-profiling of the primary lining will
take place.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV, a. s.,

ING. KAREL FRANCZYK, Ph.D.,
k.franczyk@subterra.cz, SUBTERRA, a. s.

THE SLOVAK REPUBLIC

RECONSTRUCTION OF THE TUNNEL
UNDER THE BRATISLAVA CASTLE

The work on the reconstruction of the Tunnel under the
Castle was completed at the end of May 2010. Testing of tun-
nel equipment was conducted and sections of the DN 800mm
hydrant line in front of the eastern portal were being comple-
ted during June. The conclusion of the occupancy permit issu-
ance proceedings is the only thing currently missing to make
the opening of the tunnel to traffic possible. It is expected that
the tram traffic through the tunnel will start as late as August.
The 792m long tunnel was built and opened to traffic in 1949
as a road tunnel, but it is has been used for tram traffic since
the first comprehensive reconstruction in 1983. The client for
the reconstruction was Dopravny podnik Bratislava a.s. (a
public transport company), the designer was Terraprojekt
a.s. Bratislava, the contractor was the Consortium for Tram
under the Castle, consisting of OHL 7S, a.s., Skanska BS
a.s. and Trnavska stavebnd spolocnost’ a.s.

TURECKY HILL TUNNEL

The excavation of the first Slovak modern railway tunnel,
the 1,775m long Turecky Hill tunnel, continued at the begin-
ning of summer 2010. The tunnel is part of the railway track
section between Nové Mesto nad Vahom and Zlatovce on the
Bratislava — Zilina rail line. The contractor is a consortium
consisting of OHL 7S a.s. (the leader), Skanska BS, a. s.,
Viéhostav Sk, a. s., Doprastav, a. s. and Eltra, spol. s r. 0. The
client is Zeleznice Slovenskej republiky (Slovak Railways).
As of the end of June, the lengths of 285m and 200m of the top
heading and bench excavation from the southern portal, res-
pectively, have been finished. From the northern portal, the
excavation continued; 214m of the top heading and 131m of
bench excavation has been completed till the end of June.
Apart from the excavation of the main tunnel tube, the exca-
vation has also proceeded in the escape gallery, where 190m
have been finished.

PPP PROJECTS FOR THE DEVELOPMENT
OF MOTORWAYS

Early works on the third package of the PPP on the DI
motorway section between Hricovské Podhradie and Dubna
Skala (the total length of 29km) commenced during the first
half of 2010. Zilinsk4 Dialnica s. r. 0. is the concessionaire. It
was founde d by Hochtief PPP Solutions GmbH, Alpine Bau,
Western Carpathians Motorway Investors Company and FCC
Construccion. Parts of the early works are pre-portal trenches
for the Ovciarisko tunnel (both the western and eastern por-
tals) and the Visnové tunnel (only the western portal).
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