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Vazené Ctenarky a Ctendri,
dostava se vam do ruky druhé &islo 24. roéniku asopisu Tunel. Cten je to opét zajimavé a inspirujici. Na dvod dovolte trochu osobnich poci-

ti: moznd spolecné s vami proZivdm v t€chto dnech ambivalentni pocity. Na jedné strané jsem upiimné hrdy na prislusnost k odborné tuneldi-
ské spolecnosti Ceské a Slovenské republiky, na strané druhé zaZivam smutn&jsi pocity pii sledovani komentaii naii prace ve sdélovacich
prostiedcich. V soucasné dobé preddvame jako odborny cech k verejnému uzivani mimo jiné dvé zdsadni podzemni stavby: prodlouZeni metra
trasy A do Motola a tunelovy komplex Blanka. Na svétovych odbornych férech sklizime za tato komplexni dila uznani, na domdci vetejné scéné
jsme povétsinu hanéni. Prosim, neklesejme na mysli, budme dle hrdi na svou profesiondlni préci. V&im, Ze svétovou odbornou vefejnost jsme
o nasi profesionalité jiz presvéd¢ili, nezbyva ndm nez presvédCit i tu domdci, laickou. Je to beh na dlouhou trat, mdme ale v rukou trumfy: za
posledni desetileti jsme predali do uzivani desitky velmi dspésnych projekti na Zelezni¢nich koridorech, ddlni¢ni siti a v intravildnu velkych
i malych mést jak v Ceské a Slovenské republice, tak i v zahrani¢i. Vymazme jednou a provzdy hanlivy podtext slova , tuneldi a vratime mu
jeho puvodni vyznam, ktery si zaslouZi. Pevné véfim, Ze i tento Casopis k tomu nemalou mérou prispiva.

Vydant, které se pravé chystdte procist, je vénovéno spole¢nostem Metrostav a.s. a POHL cz, a.s. Prvni Elanek pracovniku firmy Metrostav je
pokracovanim dlouhé a tspesné série o aktivitdch firmy Metrostav ve Skandindvii, na ktery navazuji dva ¢lanky prindsejici dalsi aspekty pro-
jektl prodlouZen{ trasy praZzského metra V.A a tunelového komplexu Blanka. Tentokrat z pohledu zmén béhem vystavby v pifpadé projektu
metra V.A, resp. komplexni informace s casovou ndvaznosti stavebnich praci na tunelech Blanka.

Clénky pracovnikii firmy POHL cz, a.s. vds zavedou do podzemi mést, kde jsou ve stisnénych podminkach feseny technické vyzvy pi raz-
bach kanaliza¢nich sbéracu a kolektora. Dal3i Elanek, prezentovany pracovniky firmy UNIGEO a.s., véds seznami s dokumentaci a sanaci pro-
stor historického podzemi mésta Znojma. V zdvéru Casopisu si budete moci diky spole¢nému ¢lanku zastupci CVUT FSv a firmy Metroprojekt
overit, jak spolu koreluji predpoklady hypoplastického matematického modelu podlozi s redlnym chovanim dila pti jeho provadéni.
V neposledni fadé si mazete pov§imnout struénych zajimavosti ze svéta podzemnich staveb uvedenych na zdveér v Casopise.

Vazeni pratelé podzemi, preji vam inspirativni ¢teni, tentokrat v Case prichdzejiciho léta.

Ing. VACLAV VESELY, Ph.D., clen redakcni rady

Dear readers,

The second issue of the 24th annual edition of TUNEL journal which is arriving in your hand again offers interesting and inspiring reading.
In the introduction, let me present some personal feelings: it is possible that these days I am experiencing ambivalent feelings together with you.
On the one hand, I am honestly proud of my affiliation to the professional tunnelling society of the Czech and Slovak Republics; on the other
hand, I am experiencing sadder feelings when I follow comments on our work in the media. We, as a professional guild, have handed over, apart
from other structures, two crucial underground structures to the public use: the extension of the metro line A to Motol and the Blanka complex
of tunnels. On the one hand, we reap recognition for these comprehensive works at professional forums in the world, whilst, on the other hand,
we are mostly disparaged in the domestic public arena. Please, let us not lose heart and continue to be proud of our professional work. I am con-
fident that we have already convinced the global professional community of our professionalism; we have no other solution than to persuade
even the domestic, lay public. It is a long time run, but we have got trump cards in hand: during the past decade, we put into service tens of very
successful projects on railway corridors, the motorway network and in urban areas of big as well as small towns both in the Czech and Slovak
Republics and abroad. Let us erase once and forever the defamatory undertone of the word “tunneller” and return the original well deserved
meaning to it. I firmly believe that even this journal contributes in no small way to it

The journal issue you are just going to read through is dedicated to the companies of Metrostav a.s. and POHL cz, a.s. The first paper by
employees of Metrostav a. s. is the continuation of a long and successful series dedicated to Metrostav activities in Scandinavia. This paper is
followed by two papers bringing other aspects of the projects for the extension of the metro line A and the Blanka complex of tunnels. This time
it is from the aspect of changes during the course of the construction in the case of the metro V.A construction and the comprehensive informa-
tion with the time sequence of construction works on the Blanka tunnels.

The papers by employees of POHL cz, a.s. will take you to the underground of towns where technical challenges following from constricted
spaces are solved during the excavation of interceptor sewer tunnels and utility tunnels. The next paper, which is presented by employees of
UNIGEOQO a.s., will acquaint you with the documentation and work on the rehabilitation of the historic underground spaces of the town of
Znojmo. In the journal conclusion you will be able, thanks to a paper prepared jointly by representatives of the Faculty of Civil Engineering of
the Czech Technical University and Metroprojekt a. s., to verify how assumptions of a hypoplastic mathematical model correlate with the real
behaviour of the excavation during the course of the works execution. At last but not least, you can notice brief interesting facts from the world
of underground construction, which are presented at the journal end.

Dear friends of the underground, I wish you inspiring reading, this time during the period of the coming summer.

Ing. VACLAV VESELY, Ph.D., Editorial Board member
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VAZENI CTENARI CASOPISU TUNEL!

Jsem rad, ze vas mohu oslovit jménem akciové
spole¢nosti Metrostav a.s. pravé v souvislosti s vy-
dénim &isla 2/2015 Casopisu Tunel, ve kterém mu-
Zete najit vice informaci o aktivitdch naSi spolec-
nosti.

Vsichni vime, Ze situace na trhu stavebnich praci
je jiz delsi dobu Spatnd. Tykd se to samoziejmé market has been bad already for a rather long time. It
i oboru podzemnich staveb, protoZe trvajici recese naturally applies even to the field of underground con-
se projevuje absenci vétsich &i velkych infrastruk- struction. The reason is that the continuing recession
turnich projekta predev§im dopravniho charakteru, které by  manifests itself by the absence of larger or large infrastructure pro-
uplatnéni tuneldiskych kapacit mohly zajistit. Podle ekono- jects, first and foremost of the character of structures for transport,
mickych teorif je kazda recese diive & pozdéji vystiidana ~ which could ensure the use of tunnel construction capacities.
obdobim riistu, a protoZe recese trvd jiz skoro sedm let, chce- ~According to economic theories, each recession is sooner or later
me doufat, Y¢ v nepfili§ vzdédlené budoucnosti nastane obrat replaced by a period of growth; because of the fact that the current

DEAR TUNEL JOURNAL READERS,

I am happy that I can address you on behalf of
Metrostav a.s. joint stock company in connection with
the publication of issue 2/2015 of TUNEL journal,
where you can find more information on the activities of
our company.

We all know that the situation on the construction

k lepsimu. recession has lasted for seven years, we are going to hope that a turn
Metrostav a.s. mél to §tésti, Ze v minulém obdob{ realizoval  for the better will take place in the not too distant future.
dva velké dopravni projekty, a to tunelovy komplex Blanka Metrostav a.s. was lucky that it realised two large transport-rela-

a prodlouZeni trasy metra A. Investorem obou projekti bylo ted projects in the past period, i.e. the Blanka complex of tunnels and
hlavni mésto Praha a vystavba probihala pfiblizné ve stejném the extension of metro line A. The City of Prague was the owner of
obdobi. Nejvétsi a velmi nepiijemny rozdil mezi nimi bohuzel  the two projects and the construction was carried out during an app-
pocithji ti, pro které se stavby realizovaly. Zatimco cestujici ~roximately identical period. The biggest and very unpleasant diffe-
mohou jiz od 6. dubna 2015 jezdit na trase A az do nové koneg-  rence between them is unfortunately felt by people the projects were
né stanice v Motole, automobilisté na tolik potiebny provoz realised for. Whilst passengers can travel along the line A up to the
tunelu Blanka stdle Cekaji. Pro¢ ndro¢nd stavba prodlouzeni D€W terminus in Motol already from the 6th April 2015, motorists are
trasy metra A byla po v podstaté nekomplikovaném priibéhu still waiting for the so much needed bringing of the Blanka tunnel
v&as uvedena do provozu a pro¢ se to nepodafilo u jisté poné- into service. Why was the demanding project for the extension of the
kud ndro¢n&j§i stavby tunelového komplexu Blanka? Neni Metro line A opened to traffic on time after the in substance uncom-
mozné a ani vhodné snaZit se o odpovéd na tuto otizku v ramci plicated course of Work, and why it failed in the case of the slightl.y
textu tohoto tvodniku. Kazdou velkou stavbu vzdy potkd fada ~ ™More complicated project for the Blanka complex of tunnels? It is

nepredvidanych skute¢nosti, nékdy i takovych, které dodavatel 1Ot possible and it is even inappropriate to try to answer this questi-
nemize ovlivnit a sdm vyfeit. on within the framework of the text of this leader. Each large con-

struction project always encounters many unforeseen problems,
sometime even such ones which a contractor cannot influence and
solve on his own.

If T again return to the already operating extended metro line A,
I believe that users will even appreciate the quality of the completed
works. Because a good quality result depends on professionalism
and responsibility of each participant in the construction, including
many sub-contractors, I would like to express my thanks to all of our
project partners.

Metrostav a.s. responded to the above-mentioned unfavourable
situation, among other measures, by focusing its business activities
abroad. At the moment, this portfolio amounts to approximately 30%
of the company turnover. We work in such countries as Iceland,
Norway, Finland, Poland, Belarus and Slovakia. We submitted or are

. el iw . . N w1 . . in the process of submitting tenders for metro in Sofia and Warsaw
vés k prihlaSeni a zpracovani prispévku pro 13. mezinarodni pro 0 g 0 0 in So

konferenci Podzemni stavby Praha 2016, se kterou se soucas- and other interesting pl‘O]eCtS.. . .
né bude konat v Praze ve dnmech 23. — 25. 5. 2016 To conclude, let me take this opportunity and ask you to register
and prepare papers for the 13th international conference Under-

ground Construction Prague 2016, which will be held in Prague
from the 23td to 25th May 2016, jointly with the 374 Eastern
European Tunnelling Conference. Of course, I am already today cor-
dially inviting you to Prague in May 2016, even on behalf of the
ITA-AITES Czech Tunnelling Association.

Dear colleagues, I wish you a pleasant summer season with nice
experiences during your well-deserved summer holidays.

Pokud se jeSté vratim k jiz provozované prodlouZené trase
metra A, doufdm, Ze uZivatelé oceni i kvalitu provedeného
dila. Protoze kvalitni vysledek zdvisi na profesionalité
a zodpovédnosti kazdého ucastnika vystavby vcetné mnoha
poddodavatelt, chtél bych zde v§em naSim partnerim na této
stavbé vyslovit dik.

Na vySe zminénou nedobrou situaci na ¢eském stavebnim
trhu reagoval Metrostav a.s. také tim, Ze se zaméfil na podni-
kéni v zahranic¢i. V soucCasnosti toto portfolio ¢ini asi 30 %
obratu spole¢nosti. Pisobime v zemich jako je Island, Norsko,
Finsko, Polsko, Bélorusko a Slovensko. Podali jsme nebo
podavame nabidky na metro v Sofii a VarSave i na dalsi zaji-
mavé projekty.

Zavérem mi dovolte, abych vyuZil této prileZitosti a vyzval

i 3. Vychodoevropskd tuneldrskd konference. Samoziejmé vas
jiz dnes do Prahy v kvétnu 2016 i jménem Ceské asociace ITA-
AITES srde¢né zvu.

Vazené kolegyné a kolegové, preji vam krasné proziti letni-
ho obdobi s péknymi zdZitky na vaSich zaslouZenych letnich
dovolenych.

T -

ING. IVAN HRDINA

vyrobné-technicky reditel Metrostav a.s.
a predseda CzTA ITA-AITES, Z. s.
Chief Operations and Technology Officer of Metrostav a.s.
and Chairman of the ITA-AITES CZTA
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VAZENI CTENARI,

je mi cti, Ze vds mohu ze stranky naseho Casopi-
su pozdravit. Naposled jsem mél tu prilezitost v 9.
ro¢niku Casopisu Tunel ve ¢tvrtém cisle roku 2000.
Pri porovnani nékdej$i a soucasné fotografie je
vidét délka téch patnécti let, let naplnénych pocti-
vou praci nds, vSech ¢lenu asociace, ve kterych
jsme se podileli na realizaci fady vefejné prospes-
nych podzemnich staveb.

DEAR READERS,

I am greatly honoured to be allowed to greet you on
the pages of our journal. The last time I had this oppor-
tunity in the 9th annual edition of TUNEL journal, in
the fourth issue of 2000. If we compare pictures from
that time with current pictures, we can see the effect of
these fifteen years, which were filled with thorough
work of all of us, members of the association, during
which we participated in the realisation of many
underground public structures.

V téchto dnech je tomu prave 25 let, kdy jsem, jak fikdvdm,
z mladistvé nerozvaznosti pod znaCkou POHL tuneldiské
a stavebni prdce zacal podnikat a nevédomky polozil zdklady
nééeho, co snad dnes muZe byt oznafovéano stavebni spolec-
nosti. Rikam si, jak snadno se piSe dvodnik feditelim velkych
spole¢nosti, za kterymi jsou vidét stéZejni dila podzemniho
stavitelstvi. Nicméné i v jejich konkurenci jsme nékdy uspéli
a jindy jsme méli prileZitost na jejich stavbach prilozit ruku
k dilu.

These days it is just 25 years when I, as I am used to say “ for the
reason of youthful indiscretion”, started to do business under the
brand name of POHL tunnelling and civil engineering work and,
unknowingly laid the foundation of something what can today be
designated as a construction company. I say to myself how easy it
is for the directors of big companies with crucial underground con-
struction works in their portfolios to write leaders for magazines.
Nevertheless, we have sometimes been successful even in compe-
titions with them. On other occasions we had the opportunity to

. L lend a hand to their contracts.
Za téch uplynulych 25 let naSe spole¢nost postavila radu

kanaliza¢nich sbéraci, véetné téch provddénych nemechanizo- During the past 25 years, our firm carried out many interceptor
vanymi stity, kolektqru, kabelovych. tunelu, podchodu Zelez-  gewers, including those driven by non-mechanised shields, utility
ni¢nich trati, za pouZiti frézovacich i trhacich praci. tunnels, cable tunnels and crossings under rail tracks, using road-

headers and blasting operations.
Meéli jsme prilezitost podejit dno nejvetsi Ceské reky Labe

v Hradci Kralové pfl razbé kanalizaéniho sbérade a teku We had the opportunity to pass under the bottom of the biggest
Vltavu v Praze pii stavbé kabelového tunelu. Vyhloubili jsme  Czech river, the Elbe, in the town of Hradec Krilové, during the
fadu Sachet hloubky 60-70 m pro Cistici technologii Deep- construction of the excavation of the tunnel for an interceptor
shaft. VSichni denné fe§ime spoustu nejen technickych problé-  sewer and during the construction of a cable tunnel under the
mu. Patfi k nim jist¢ velmi silné konkurencni prostiedi Vltava River bottom in Prague. We sank many 60-70m deep shafts
a komplikovand rozhodnuti politikt, kterd maji silny vliv na for the Deepshaft sewage treatment technology. We all daily solve
oblast vefejnych zakdzek. K dobré ndladé neprispiva ani vefej- numbers of problems, not only technical ones. Among them, there
né minéni, znaéné ovliviiované médii, které nevidi v tymech are certainly the highly competitive environment and complicated
vedoucich stavebnich spole¢nosti fadné hospodare, snazici se ~ decisions of politicians having strong influence on the field of pub-
uZivit své zaméstnance, dbajici o rozvoj své firmy, kterd dang-  lic procurement. In addition, good mood is not boosted by the pub-
mi prispivé na spravu a rozvoj nasi zemé. I prekondvéni tako- lic opinion, which is significantly affected by the media, which do
vychto problémi by mélo pro nds byt spise vyzvou. not see the teams of leading construction companies as professio-
nals striving for supporting their employees and caring about the
development of their firms which contribute to the management
and development of our country through the payment of taxes.
Overcoming such problems should rather be a challenge for us.

Dovolte mi, abych vdm popril neutuchajici chut do Zivota
a prdce, optimismus pii feSeni kaZdodennich problému
a Stastnou ruku pri obtiZnych rozhodnutich.

Let me wish you unflagging zest for life and work, optimism in

solving everyday problems and lucky hand in making difficult
decisions.

T

ING. PETR POHL

predseda predstavenstva POHL cz, a.s.
Chairman of the Board of Directors of POHL cz, a.s.
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ZKUSENOSTI Z REALIZACE TUNELOVYCH STAVEB
V SEVERSKYCH ZEMICH

EXPERIENCE FROM TUNNEL STRUCTURES CARRIED OUT
IN NORDIC COUNTRIES

JIRI MOSLER, VACLAV PAVLOVSKY

ABSTRAKT

Cilem &ldnku je shrnuti informaci a poznatkii ziskanych za dobu piisobeni akciové spolecnosti Metrostav ve skandindvskych zemich.
Spolecnost piisobt na severu Evropy nepretrZite od roku 2006 a za tuto jiz pomérné dlouhou dobu nasbirali pracovnici Metrostavu
Fadu neocenitelnych zkuSenosti, o které se se Ctendri Casopisu Tunel pravidelné deli. Obsahové navazuje na jiZ uverejnéné cldanky
zabyvajici se detailnim popisem dosud realizovanych projeknii a navazujicich specifickych témat v casopisu Tunel &. 2/2007, 3/2008,
3/2009, 3/2011, 1/2013 a 2/2014. Zdmérem cldnku neni opakovat jiZ uverejnéené detailni technické informace, ale chronologicky sera-
dit a zrekapitulovat nabyté zkuSenosti s urcitym nadhledem umozneénym casovym odstupem od realizace velké Cdsti severskych pro-
Jjektii Metrostavu a pripomenout Ctendri, Ze Ceské stavebni firmy si dnes musi vydobyt vyznamnou &dst svého obratu v rdmci zahra-

nic¢nich zakdzek.

ABSTRACT

The objective of the paper is to summarise information and knowledge obtained during the period of the activities of Metrostav s. s.
in Scandinavian countries. The company has been active in the north of Europe continually since 2006 and during this period its emplo-
yees have gathered lots of invaluable experience, which they have regularly shared with Tunnel journal readers. The paper content
builds on papers dealing with the description of completed structures and related topics previously published in Tunel journal issues
No. 2/2007, 3/2008, 3/2009, 3/2011, 1/2013 a 2/2014. The intention of the paper is, instead of repeating the already published detailed
technical information, to chronologically arrange and recapitulate the gathered experience with a detached view possible thanks to the
time elapsed from the completion of a significant part of Metrostav’s nordic projects and to remind the reader of the fact that Czech con-

struction companies today have to win a substantial part of their turnover within the framework of foreign contracts.

ovoD

Dokon&ovéni velkych tunelovych projektd v CR (napf.
tunely Panenskd a Libouchec, Nové spojeni v Praze, metro
IV.C atd.) a vyhled ttlumu soute€Z{ s tunely pfi silicim konku-
renénim tlaku na stavebnim trhu v CR a na Slovensku
spole¢né s potrebou uplatnéni svych tunelarskych kapacit pri-
mély Metrostav po roce 2004 k zahéjen{ intenzivni marketin-
gové a obchodni ¢innosti se zamefenim na tunelové stavby
v zahrani¢i. Vystavbou podzemnich projekta je v rdmci a. s.
Metrostav povéfena Divize 5. Prulomovym rokem se stal rok
2006, kdy Metrostav dspésné vysoutézil svij prvni skandi-
navsky silni¢ni projekt Hédinsfjordargéng na Islandu a ucinil
tak prvni, velmi dalezity krok pfi svém taZeni na sever
(obr. 1).

REKAPITULACE REALIZOVANYCH PROJEKTU

Island 2006

Vystavbu prvniho islandského projektu s tunely Sig-
lufjordur a Olafsfjordur (obr. 2) v celkové délce 11 025 m
realizoval Metrostav ve sdruZeni s mistni firmou Hafell, jejiZ
hlavni pfinos spo&ival kromé znalosti mistnich poméru pre-
devs§im v jazykové vybavenosti, nebot’ veskera komunikace
byla investorem narizena v islandstiné. Pfi vystavbé obou
tunelt museli razici a technici Metrostavu prekonat fadu pre-
kazek a obtizi jak v souvislosti se zavedenim metody
DRILL&BLAST uplatnované pri razbé skandindvskych tune-
1, tak kvuli slozitym pfirodnim, geologickym a hydrogeolo-
gickym pomérum. Na pozici vedouciho projektu pusobili

INTRODUCTION

The process of completing large tunnel construction projects
in the Czech Republic (e.g. the Panenskd and Libouchec tun-
nels, the New link in Prague project, the metro line extension
IV.C etc.) and the future prospects of checks on competitions
comprising tunnels during the time of increasing competition
on the construction market in the Czech and Slovak Republics,
together with the need for the application of production capa-
cities, forced Metrostav a.s. after 2004 to start intense marke-
ting and commercial activities focused on tunnel construction
projects abroad. Metrostav has charged its Division 5 with the
task to carry out underground construction projects. The bre-
akthrough happened in 2006, when Metrostav a. s. succeeded
in the competition and won its first Scandinavian road project,
the Hédinsfjordargéng in Iceland, taking thus the first, very
important, step of its campaign toward the north (see Fig. 1).

RECAPITUALTION OF COMPLETED PROJECTS
Iceland 2006

The construction of the its first project in Iceland compri-
sing the Siglufjérdur and Olafsfjordur tunnels (see Fig. 2) at
the total length of 11,025m was carried out by Metrostav in
association with a local contractor, Hafell, the main contribu-
tion of which lied, apart from the knowledge of local conditi-
ons, in language skills, since all communications were orde-
red by the project owner to be in Icelandic. During the con-
struction of both tunnels, Metrostav’s miners and technicians
had to overcome many obstacles and difficulties associated
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with the introduction
of the DRILL&BLAST
method, which was new
for them and which was
applied to the excavati-
on for Scandinavian
tunnels, and with com-
plex natural, geological
and hydrogeological
conditions. The positi-
on of the project mana-
ger was successively
held by Ing. David Cy-
rofi, Ing. Petr Zivnistka
and Ing. Ermin Stehlik;
the construction finals
were secured by Ing.
Ales Richter.

As an example of the
action of the harsh
local climatic conditi-
ons, it is possible to
mention the commen-
cement of the construc-
tion work in the autumn

Obr. 1 Prehlednd mapa projektu
Fig. 1 Synoptic map of the projects

postupné Ing. David Cyron, Ing. Petr Zivniistka a Ing. Ermin
Stehlik, findle stavby zajiStoval Ing. Ale§ Richter.

Jako priklad pusobeni drsnych mistnich klimatickych pod-
minek lze uvést zahajovani vystavby na podzim 2006, kdy
silny poryv vétru odnesl pravé postavenou halu pro ddrzbu
mechanizace o nékolik desitek metrt dal a zcela ji zdemolo-
val. Prudky, ¢asto ndrazovy a ledovy vitr byl spolecnikem
Ceskych tuneldfi po celou dobu pusobeni na Islandu.
V zimnich mésicich pak bylo nutno poradit si s privaly sn¢hu,
kdy nejen hlavni a pristupové komunikace, ale i vlastni por-
taly tunelt byly astokrat zavdty az nékolikametrovou vrst-
vou snéhu.

Kli¢ovou provérku tuneldfi predstavovaly sloZité hydroge-
ologické pomeéry, kdy musela byt razba opakované prerusena
z divodu zdoldvédni enormniho mnoZstvi tlakové podzemnf{
vody pronikajici do oblasti ¢elby tunelu. Takovéto pomeéry
nebyly dosud na Islandu predpoklddany ani v zadani soutéze
a vzhledem ke kombinaci objemu, tlaku a velice nizké teplo-
ty podzemni vody se jednalo o extrémné slozité podminky,
které byly dosud zastiZeny pouze na n€kolika jednotlivych
projektech na svéte.

Nejen priroda vSak stavéla pred pracovniky prekazky.
Spolecnost se musela vyrovnat s nasledky dramatického eko-
nomického vyvoje Islandu, ktery prodélal v prabéhu realizace
projektu nejvétsi bankovni a ekonomickou krizi v no-
vodobych déjindch s dopadem na razantni devalvaci islandské
mény. Navzdory uvedenym obtiZzim pfi vystavbé tohoto pilot-
niho projektu byl v zari 2010 tspésné dokoncen a preddn do
uzivani stdtnimu investorovi Vegagerdin (obdoba naSeho
RSD).

Finsko 2010

Pres vySe popsané obtiZe, které se vyskytly pri vystavbé
prvniho projektu v dosahu polarniho kruhu, vedeni spolecnos-
ti Metrostav rozhodlo pokracovat v obchodni Cinnosti ve

of 2006, when a strong
gust of wind took the
just finished shed for
the maintenance of
equipment several tens of metres away and completely demo-
lished it. Strong, often gusty and icy wind accompanied
Metrostav’s tunnellers throughout the period of their work in
Iceland. In winter months it was, in addition, necessary to cope
with masses of snow, when not only main and access roads, but
also tunnel portals themselves, were often covered with an up
to several metres thick layer of snow.

A crucial test of the tunnellers was represented by com-
plex hydrogeological conditions, when the excavation had
to be repeatedly interrupted because of the necessity to cope
with the severe ingress of pressurised groundwater to the
area of the tunnel heading. Such conditions had never befo-
re been encountered in Iceland and were not assumed in the
tender conditions. Taking into consideration the combinati-
on of the volume, pressure and very low temperature of
groundwater, the conditions, which had been encountered
till that time only by several projects in the world, were very
complicated.

It was not only the nature that placed obstacles in the way of
the workers. The company had to cope with the consequences
of a dramatic economic development in Iceland, which under-
went the largest banking and economic crises in the modern
history with a drastic impact on the devaluation of Icelandic
currency. Despite the above-mentioned difficulties during the
implementation of this pilot project, the construction was
successfully completed and handed over to the governmental
state owner, Vegagerdin (an analogy to the Czech Directorate
of Roads and Motorways) in September 2010.

Finland 2010

Despite the above-mentioned problems encountered during
the implementation of the first project within the reach of the
polar circle, Metrostav’s management decided to continue with
commercial activities in Scandinavia, thus to make a profit




Obr. 2 Tlakovd podzemni voda v tunelu (jlafsfjﬁréur
Fig. 2 Pessurised underground water in the Olafsfjorour tunnel

Skandindvii a zuroc€it tak nelehce nabyté zkuSenosti. Dal§im
cilem, na ktery byl zaméren marketingovy hledacek, se stalo
Finsko, konkrétné prodlouzeni metra z Helsinek do Espoo.
Opét predevsim jak z duvodu prekondni jazykové bariéry
finStiny, tak z divodu obsahnuti znalosti mistnich poméra
a sdilenf rizik bylo nutno nalézt mistniho partnera pro spo-
luprdci. Mistni firmy pusobici v oboru projevovaly zdjem
spiSe o dodéni razi¢u neZ o rovnocennou partnerskou spolu-
praci, a tak volba nakonec padla na spole¢nost Destia, kterd
v segmentu podzemnich staveb dosud pusobila pouze ome-
zeng.

Vzhledem k posunu puvodné predpoklddaného terminu
vypsédni soutéZe Linsimetra — zdpadniho metra obé firmy
absolvovaly nejprve ostré zahfivaci kolo pfi Gcasti v soutéZi
na tunely Zelezni¢niho spojeni na helsinské letisté — projekt
Kehirata.

V roce 2010 se dostavil prvni obchodni uspéch v podobé
ziskédni zakdzky na vystavbu piistupovych tunelu Linsimetra.
Trojice tuneld Koivusaari, Myllykallio a Lauttasaari o cel-
kové délce 1249 m se nachdzela na ostrové Lauttasaari v ob-
lasti rezidenén{ a administrativni zdstavby a soucasné v tésné

Obr. 3 Betondz Sachty v podzemni kaverné metra
Fig. 3 Casting a concrete shaft in the metro underground cavern
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from the not easily gained experience. The next aim the
marketing viewfinder was focused on was Finland, concretely
the extension of metro from Helsinki to Espoo. It was again
necessary for the reason of overcoming the language barrier of
Finnish and comprehending local conditions and sharing of
risks to find a local partner for collaboration. Local firms ope-
rating in the industrial branch were interested in hiring
Metrostav’s miners rather than equal partnership. For that rea-
son the choice fell on Destia, a company which had operated
in the segment of underground construction only to a limited
extent.

With respect to a shift in the date of the invitation to tender
for the Linsimetro West, the two companies underwent wit-
hout preparation a warm-up round competition for tunnels on
a rail link to Helsinky airport — the Kehérata project.

In 2010, the first commercial success came in the form of
winning a contract for the construction of access tunnels for
Lansimetro. Three tunnels, Koivusaari, Myllykallio and
Lauttasaari, with the aggregate length of 1,249m, were located
on Lauttasaari island, within a residential and administration
development and, at the same time, in the close vicinity of the
Finnish Bay. During the realisation itself, which commenced
in September 2010, the tunnellers of Division 5 encountered
complications significantly differing from the contract in
Iceland. Driving tunnels in an urban area through hard rock,
mostly granite, under a shallow overburden, in combination
with demanding requirements of the project owner, was a hard
nut to crack. In particular the alignment of the Lauttasaari
access tunnel running under a hospital with the cover of only
several metres caused wrinkles on the foreheads of the tunnel-
lers. The tunnels were handed over to the project owner in
December 2011.

Finland 2011

It was already on the turn of 2010 — 2011 that Metrostav,
again in collaboration with the local company Destia, succe-
eded in the competition for the construction of a pair of
Lénsimetro running tunnels - the LU6E Karhusaari section —
with the aggregate length of excavation of 2,613m. The exca-
vation passed through similar geology as that in the case of
the access tunnels, but with partial differences. The align-
ment of the track section ran in its eastern part in the imme-
diate vicinity of the sea and, at the same time, under the sea
groundwater table. Massive injecting of microcement grout

g - - 4 .._.--/ e
Obr. 4 Prordzka tunelu do stdvajiciho kolektoru — prorezdno lanem

Fig. 4 Tunnel breakthrough into the existing utility tunnel — cut through with
a diamond wire saw
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blizkosti morfe Finského zalivu. Pri vlastni realizaci, kterd
byla zahdjena v zar{ 2010, se tuneldfi Divize 5 v tomto pripade
setkali s komplikacemi vyznamné odlisnymi od zakdzky na
Islandu. RaZzba tuneld v intravildnu v pevnych hornindch, pfe-
vazné 7uldch, s nizkym nadloZzim byla v kombinaci s na-
ro¢nymi pozadavky investora opravdovym ofiSkem. Zejména
trasovani pristupového tunelu Lauttasaari, vedeného pod ne-
mocnici s nadlozim pouhych nékolika metri, pusobilo tuneld-
fum vrdsky na cele. Tunely byly pfeddny investorovi
v prosinci 2011.

Finsko 2011

JiZ na prelomu roku 2010 a 2011 Metrostav opé€t ve spolu-
praci s mistni spole¢nosti Destia uspél v soutéZi na vystavbu
dvojice tratovych tuneli Lénsimetra — udseku LU6E
Karhusaari o celkové délce razeb 2613 m. Razba probihala
v obdobné geologii jako pristupové tunely, avSak s dil¢imi
odlisnostmi. Trasa tratového dseku byla ve své vychodni Casti
vedena v bezprostfedni blizkosti more a soucasné pod hladi-
nou podzemni morské vody. Dochédzelo zde k masivnim pred-
stihovym injektdZim mikrocementovou suspenzi, které velmi
vyznamné ovliviiovaly postupové rychlosti. Lokdlni dkapy
vody skrz definitivni osténi byly ndsledné sanovany dodate¢-
nymi injektdZemi s pouZitim polyuretanovych pryskyfic.
Objemy injektdznich praci mnohondsobné pred¢ily veskerd
ocCekdvdni. Naopak razby severozdpadniho dseku vedly pod
zéklady budov spole¢nosti Nokia, kde byly vzhledem k cit-
livému technologickému vybaveni suterénnich prostor kom-
plexu kladeny mimoradné vysoké ndroky na dodrzovani seis-
mickych limitu trhacich praci.

Soucasti projektu byly také razby trojice velkoprofilovych
jednolodnich technologickych kaveren o profilech az 383 m?
(obr. 3) spolu s razenymi vétracimi Sachtami o hloubkach az
35 m. Stavba byla zddrn¢€ dokoncena a preddna v zari 2013.

Finsko 2012

Uspésnd spoluprdce s mistnim partnerem Destia vyistila
v realizaci raZzeb pod vznikajicim rezidenénim a obchodnim
centrem Kalasatama na rozvojové ploSe Helsinek. Soucasti
developerského projektu byly dva tunely, kazdy slouZici jiné-
mu tcelu. Prvni, servisni tunel dlouhy 220 m, byl vyuZit pro
prelozku centrdlniho vytdpéni mésta Helsinek. Soucdsti pro-
jektu bylo napojeni do technického tunelu dlouhého pres
20 km. Specifikem tohoto projektu bylo sloZité napojeni
nového tunelu do stdvajictho technologického kolektoru.
V misté prordazky byly na prilehlé stén¢ budouciho propojeni
vedeny dvé vysokotlaké roury ¢ 600 mm dalkového vytdpéni.
Vzhledem k zimnimu obdobi nebyla mozné ani kratkodoba
odstdvka systému. Pro minimalizaci rizika poSkozeni potrubi

Obr. 5 Piihradové nosniky BTX spolu s jehlami pri prichodu vulkanosedi-
mentdrnich vrstev

Fig.5 BTX lattice girders together with forepoles during the passage through
volcanosedimentary layers

ahead of the excavation face was occasionally carried out.
This work significantly affected the advance rates. Local
dripping of water through the final lining was subsequently
removed by additional grouting using polyurethane resins.
The volumes of the grouting operations many times exceeded
all expectations. Conversely, the underground excavation in
the north-western section led under the foundations of buil-
dings owned by Nokia, where extraordinarily high require-
ments for adhering to seismic limits for blasting operations
were placed with respect to the sensible technological equip-
ment in the basement spaces of the complex.

Three large-profile single-vault technological caverns with
the profiles of up to 383m?, together with mined ventilation
shafts up to 35m deep, were also parts of the project (see Fig.
3). The construction was successfully completed and handed
over to the client in September 2013.

Finland 2012

The successful collaboration with the local firm, Destia, led
to the realisation of the excavation under the Kalatasama resi-
dential and commercial centre, which was being developed in
the Helsinki development area. Two tunnels serving to another
purpose were parts of the development project. The first one,
a 220m long service tunnel, was used for the diversion of cent-
ral heating of the city of Helsinki. Part of the project was the
connection into an over 20km long utility tunnel. A specific

nadlozi
overburden

Obr. 6 Podélny Fez tunelem Nordfjorour s éervené vyznacenymi vulkanosedimentdrnimi vrstvami hornin
Fig. 6 Longitudial section of Nordfjorour Tunnel with volcanosedimentary layers of rock
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bylo poslednich 2,5 m tunelu rozfezdno prorezdvacim lanem
na jednotlivé bloky (obr. 4), které byly poté vytaZeny.

Druhy tunel délky 214 m plnil pouze doCasnou funkci
a slouzil k vybudovani pilifi presouvaného Zelezni¢niho
mostu metra. Po celé délce tunelu byly vyraZeny Sachty
o hloubce 20 m, ve kterych dodavatel mostni konstrukce zalo-
Zil nové mostni pilife. Veskeré prace probihaly v t€sném sou-
sedstvi a za plného provozu metra. Oba tunely byly predany
v Cervenci 2012.

Vsechny vyse uvedené stavby ve Finsku byly fizeny
Ing. Véaclavem Pavlovskym.

Island 2013

Po dokonceni prvniho projektu na Islandu se zde Metrostav
aktivné ucastnil také dalSich vypisovanych soutézi, vzhledem
ke sporum s firmou Hafell bylo rozhodnuto vybrat nového
mistntho partnera, kterym se stala spolecnost Sudurverk.
Uspéch se dostavil na jafe 2013 v soutéZi na nejdel3i island-
sky silni¢ni tunel Nordfjordur délky 7560 m. Tento projekt
navazoval na dokonceni razeb tratovych tunelt Linsimetra
v Helsinkdch, fizenim stavby byl povéfen vedouci projektu
na Islandu a ve Finsku.

Tunel se razi z portalt Eskifjordur a Fannardalur pfevdzné
v bazaltech, razba tunelu je komplikovédna ¢etnym vyskytem
nesoudrznych tufovych vrstev o mocnosti az 9 m (obr. 5).
Orientace vrstev je takika identickd se sklonovymi poméry
tunelu a provdzi tak razi¢e pokazdé mnoho desitek metra
(obr. 6). Nejproblemati¢téjsi je vyskyt tufa v pristropi tunelu,
kde dochazi k nahodilym nadvylomtm. Cetnost a zejména
mocnost jednotlivych poruch dokonce vedla k zesilovani oste-
ni pomoci prihradovych obloukovych nosnikt typu BRETEX.
V dobé vydani ¢lanku zbyva do prordazky dokondit poslednich
pér stovek metra raZeb.

Norsko 2014

Z duvodu docasného poklesu vypisovani velkych staveb-
nich zakdzek ve Finsku po dokonceni Linsimetra byla v roce
2014 zaméfena obchodni aktivita Metrostavu na dalsi sever-
skou zemi s vyznamnym potencidlem realizace tunelu
a podzemnich staveb — Norsko. Pres informace tykajici se
zna¢nych potiZi zahrani¢nich firem usilujicich o pranik na
tento trh a pri realizaci jiZz vysoutéZenych zakdzek spole¢nost

prijala rozhodnuti ke vstupu na norsky trh.

Obr. 7 Horninovy blok ze skalniho Ficeni
Fig. 7 A block from the rockslide
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feature of this project lied in the complicated connection of the
new tunnel to the existing utility tunnel. Two high-pressure
district heating pipelines 600mm in diameter were found in the
location of the future breakthrough, on the adjacent wall of the
utility tunnel. Taking into consideration the winter season, no,
even short-term, decommissioning was possible. With the
objective to minimise the risk of damaging the pipeline, the
last 25m long section of the tunnel was cut into individual
blocks with a diamond wire saw (see Fig. 4). The blocks were
subsequently hoisted to the surface.

The other, 214m long, tunnel fulfilled an only temporary
function and served only to build piers of the metro railway
bridge to be moved. Shafts 20m deep were sunk throughout the
tunnel length. The contractor for the bridge structure founded
new piers in the shafts. All working operations were carried
out in the close vicinity of the fully operational metro. Both
tunnels were handed over to the client in July 2012.

All of the above-mentioned structures in Finland were mana-
ged by Ing. Vaclav Pavlovsky.

Iceland 2013

After completing the first contract in Iceland, Metrostav
actively participated in other tenders called in Iceland. With
respect to disputes with Hafell, the decision was made that
a new local partner would be found. Sudurverk company beca-
me the partner. Success came in the spring of 2013, in the com-
petition for the longest road tunnel in Iceland, the 7,560m long
Nordfjordur tunnel. This project followed after the completion
of the excavation of the Linsimetro running tunnels in
Helsinki. The task to manage the construction was entrusted to
Ing. AleS Gothard, who had already participated in the previ-
ous projects in Iceland and Finland.

The tunnel is being driven from the Eskifjordur and
Fannardalur portals, mostly through basalt. The tunnel excava-
tion is complicated by numerous occurrences of incoherent up
to 9m thick tuff layers (see Fig. 5). The orientation of layers
is nearly identical with the tunnel inclination conditions. It the-
refore accompanies the miners for many tens of metres (see
Fig. 6). The occurrence of tuffs in the top heading, causing ran-
dom overbreaks, is the most problematic thing. The frequency
and, in particular, the thickness of individual failures even led
to the necessity of increasing the strength of the lining by
means of BRETEX-type lattice girders. The last several hund-
reds of metres of the excavation remain to be completed at the
moment of writing this paper.

Norway 2014

Because of a temporary drop in the numbers of public calls
for bids issued in Finland after the completion of the
Lénsimetro project, the commercial activities of Metrostav in
2014 was focused on another Norse country with a significant
potential for the realisation of tunnels — Norway. Despite infor-
mation concerning significant difficulties encountered by fore-
ign firms striving for penetrating this market, and the number
of already awarded contracts, Metrostav adopted the decision
to enter the Norwegian market.

The targeted commercial activity yielded results in the form
of winning a contract for the construction of a diversion of
road No. 337 near the town of Veitastrond on the western coast
of Norway. Metrostav submitted the tender for this project, the
part of which is even a 1,565m long twin-tube mined road tun-
nel, jointly with a local firm, Havnen Anlegg.
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Tab. 1 Piehlednd tabulka tunelovych projektu
Table 1 Synoptic table of tunnel construction projects

Tuel

Délka Objem razeb Bézny profil Max. profil
Projekt Ugel Realizace [m] [m3] [m?] [m2]
_ - Length Excavated Common Maximum
Project Purpose Realisation [m] volume cross-sectional | cross-sectional
[m3] area [m?2] area [m2]
Hédinsfjérdargdng, silniéni 05/2006 - 09/2010 6 925 380 000 52,8 75%3
Island - tunel Olafsfjérur
Hédinsfjérdargéng, Iceland road 05/2006 — 09/2010 6,925 380,000 52.8 75.3
- Olafsfjérdur tunnel
Hédinsfjordargong, silniéni 05/2006 - 09/2010 3650 200 000 52,8 75,3
Island — tunel Siglufjérour
Hédinsfjérdargéng. Iceland road 05/2006 — 09/2010 3,650 200,000 52.8 75.3
— Siglufjéréur tunnel
Pfistupové tunely metra metro 05/2010 — 12/2011 238 11 000 33,7 46,2
Finsko — Myllykallio
Access tunnels for metro in metro 05/2010 — 12/2011 238 11,000 33.7 46.2
Finland — Myllykallio tunnel
PFistupové tunely metra metro 05/2010 - 12/2011 560 23000 31,5 58,0
Finsko — Koivusaari
Access tunnels for metro in metro 05/2010 - 12/2011 560 23,000 315 58.0
Finland — Koivusaari tunnel
Pristupové tunely metra metro 05/2010 - 12/2011 406 46 000 31,0 54,0
Finsko — Lauttasaari
Access tunnels for metro in metro 05/2010 — 12/2011 406 46,000 31.0 54.0
Finland — Lauttasaari tunnel
Tratové tunely metra metro 05/2011 — 09/2013 2613 140 000 36,2—42,1 383,0
Finsko — Karhusaari
Metro running tunnels in metro 05/2011 - 09/2013 2,613 140,000 36.2-42.1 383.0
Finland — Karhusaari tunnels
Kalasatama, Finsko technologicky | 02/2012 — 07/2012 434 18 400 31,6 46,6
tunely ¢. 1 a2
Kalasatama, Finland, tunnels | technology 02/2012 — 07/2012 434 18,400 31.6 46.6
No. 1 and 2
Nordfjardargéng, Island silniéni 08/2013 — doposud 7908 434 000 54,7 77,3
Nordfjardargdng. Iceland road 08/2013 - till now 7,908 434,000 54.7 77.3
Veitastrond, Norsko silniéni 05/2014 - doposud 1565 108 000 425 66,1
Veitastrond. Norway road 05/2014 — till now 1,565 108,000 42.5 66.1

Cilend obchodni ¢innost prinesla vysledky ziskdnim zakdz-
ky na realizaci prelozky silnice ¢. 337 u mésta Veitastrond na
zdpadnim pobrezi Norska. Nabidku na tento projekt, jehoz
soucdsti je také dvoupruhovy raZeny silni¢ni tunel v délce
1565 m, podal Metrostav opét spoleéné s mistni firmou
Havnen Anlegg.

Mezi specifika této stavby patfi mj. preruSeni praci po
dobu zimni odstavky silnice z davodu lavinového nebezpedi
v dobé od 1. prosince do 31. kvétna. O redlnosti této hrozby
se meli razi¢i moznost presveéddéit jesté pred zahdjenim zimni
prestavky, kdy doslo k sesuvu v bezprostredni blizkosti jiz-
niho portdlu. Uddlost se na$tésti obesla bez jakychkoliv
obéti. Kromé snéznych lavin doslo i k uvolnéni kamenného

Among specific features of this project, there is, among
other things, the suspension of work during the winter shut-
down because of the risk of avalanches existing from the 15t
December to the 315t May. The tunnellers had the opportunity
to convince themselves of the substantiality of this threat even
before the beginning of the winter break, when an avalanche
slipped in the intermediate vicinity of the southern portal.
Fortunately, the event got along without sacrifices. Apart from
snow avalanches, even a stone field slipped on the access road
(see Fig. 7). The team managed by Ing. Biirgel will return to
Norway after the winter break is over, to complete to structure
during 2015. A separate paper will be dedicated to this project

in one of the future issues of the journal.
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pole na prijezdovou silnici (obr. 7). Po skonéeni zimni DRILL&BLAST METHOD SPECIFIC FEATURES
odstdvky se projektovy tym Ing. Biirgela do Norska vrati IN PRACTICE

a letos stavbu dokonéi. Projektu bude vénovdn samostatny All of the above-mentioned tunnels were driven using the
¢ldnek v nekterém z pifstich &isel Casopisu. DRILL&BLAST method, which uses to a maximum extent the
self-supporting capacity of rock mass. It finds its application
SPECIFIKA METODY DRILL&BLAST V PRAXI first and foremost in very hard rock types existing in Norse
Razby vSech vyse popisovanych projektd byly realizovéany countries; it is today very well known to our professional pub-
metodou DRILL&BLAST, kterd vyuZivd v maximdlni mife lic. It is characterised, among other things, by the significant
samonosnosti horninového masivu. Své uplatnéni nachézi length of individual excavation rounds, exceeding 5m in
predeviim ve velmi pevnych horninich severskych zemi a je favourable conditions, excavated by means of blasting. The
u naii odborné vefejnosti dnes jiz velmi dobfe znima. lining is formed by a combination of various types of rock bolt
VyznaGuje se mj. znaénou délkou jednotlivych zabéra piesa- support and sprayed concrete. The method of systematic grou-
hujici ve vhodnych podminkéch 5 m s pouZitim trhacich praci. ting around the completed excavation (pre-grouting) has been
Osténi je tvofeno kombinaci typové rizné svornikové vyztu- abundantly applied.

With respect to the fact that the majority of the elements of
this method are common or similar to the NATM, adopting this
method posed no fundamental problem for Metrostav’s miners
and technicians. Nevertheless, they had the opportunity to
repeatedly convince themselves that certain differences are
significant and, in combination with specific conditions of
a particular project, can represent a complicated problem. It
was necessary in some cases to make huge efforts when these
obstacles were being overcome and an atypical solution, which
was unusual for both the designer and the project owner, had
to be offered.

It is interesting to watch how the application of practically
identical methods and the attitudes of designers and technical
supervisors differ in specific operations from each other in
individual regions. Norway is undoubtedly the technological
leader. Owing to the geographic relief, it realises tens of new
underground structures every year. The standards which are
established in Norway are sooner or later gradually taken over
in other Norse countries. The standards are willingly taken
over in Iceland, whilst Finland proceeds in its own way.

The different attitude to the construction of a lining which is
in the end “identical” in Norway and Finland is a good exam-
ple. Whilst it is possible to excavate three rounds without the
application of shotcrete to the crown and top heading of tun-
nels as a maximum, for the reasons of the working safety, it is
not allowed to install a concrete lining closer to the excavati-

7e a stiikanych betont. V hojné mife je aplikovdna metoda
predstihovych systémovych injektazi.

Vzhledem ke skute&nosti, Ze prevdznd vétSina prvku této
metody je spole¢nd ¢i podobnd s NRTM, nepredstavovalo pro
raziCe a techniky jeji osvojeni zdsadni obtize. Nicmén¢ bylo
mozné se opakované presvédCit, Ze urcité odli$nosti jsou
vyrazné a v kombinaci se specifickymi podminkami konkrét-
niho projektu mohou predstavovat slozity problém.
V néekterych pripadech bylo nutno vynaloZit pfi zdoldvani
téchto prekdzek zna¢né usili a nékdy bylo nutno nabidnout
atypické feseni, které bylo neobvyklé jak pro projektanta, tak
investora stavby.

Je zajimavé sledovat, jak se vyuzivani prakticky stejné
metody a pristupy investora, projektanti a technického
dozoru u specifickych operaci v jednotlivych regionech vza-
jemné odliSuji. Technologickym lidrem je bezesporu Nor-
sko, které diky geografickému reliéfu a ekonomické sobés-
tacnosti realizuje kazdy rok desitky novych podzemnich sta-
veb. V Norsku jsou utvareny standardy, které jsou s krat§imi
¢i del8imi ¢asovymi rozestupy postupné prejiméany do ostat-
nich severskych zemi. Na Islandu jsou standardy velmi
ochotné prebirdny, kdeZto Finsko postupuje svoji vlastni
cestou.

Dobrym prikladem je rozdilny pfistup k vystavbe, ve findle
»stejného* osténi v Norsku a ve Finsku. Zatimco v Norsku 1ze

oteviit maximdlné i zdbéry bez ndstfiku betonu na strop on face than 40m in Finland. The presented reason lies in the
a pifstropi tunelt z divodu bezpecnosti prace, ve Finsku se stress the lining is subjected to during blasting operations.
nelze pribliZit s betony osténi blize nez 40 m od Celby. Loose blocks of rock in the crown are repeatedly removed to
Prezentovanym divodem je namahdni osténi G¢inky trhacich a certain distance from the headings mechanically and, in par-
praci. Stropy tuneli v blizkosti Celeb jsou tak opakované stroj- ticular, by hand. Nevertheless, the approval of client’s techni-
né a zejména ru¢né€ obtrhdvédny. V pifpadé zastiZeni znatné cal supervision and the designer has to be granted for each
porusené horniny lze samoziejmé aplikovat bezpecnostni excavation round. The approach to the rockbolt support is
ndstfik drdtkobetony, nicméné musi dojit k souhlasu technic- similar. Norwegian and, as a matter of fact, Icelandic tunnels
kého dozoru investora a projektanta pro kazdy zabér. Obdobny are provided with rock bolt support randomly, taking into con-
je i pfistup ke svornikové vyztuzi. Norské a potazmo sideration the current geotechnical situation. In Finland, rock
i islandské tunely jsou svornikovany nahodile se zohlednénim bolts supporting the final lining are installed strictly systema-
aktudlni geotechnické situace, ve Finsku jsou svorniky defini- tically, to a grid designed taking into consideration various
tivniho osténi osazovény striktné systematicky do vyprojekto- excavation classes.
vaného rastru zohlediujictho ruzné tiidy horniny. There are many differences there and each design has its iso-
Takovychto rozdili je mnoho a kazdy projekt md svd ojedi- lated specifics even within the framework of a single region.
néld specifika i v rdmci jednoho regionu. Otevienost investo- Project owner’s openness to technical innovations in Iceland
ra a projektanta na Islandu k technickym inovacim se vyrazne substantially differs from the Finnish conservative approach,
odliSuje od finského konzervativniho pristupu, kdy je nutné where it is first necessary to prove that “this way is not the way”.

nejprve ukdzat, Ze tudy ,,cesta nevede.
KNOWLEDGE FROM THE CONSTRUCTION
POZNATKY ZE STAVEBNICTVI NA SEVERU INDUSTRY IN THE NORTH

Severské zemé obecné jsou ekonomicky velmi vyspélé Norse countries are highly developed in terms of economy,
s velkym durazem na socidlni ochranu jednotlivce. Maji emphasising the protection of an individual. They have
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propracované metodiky zaméstnavani, pomérné slozité dano-
vé systémy a silné odborové organizace. V pripadé doddvky
stavby musi generdlni zhotovitel nad rdmec samotné stavby
umeét pracovat nejen se vSemi zdkony a predpisy, ale hlavne
také s mistnimi zvyklostmi. Pojmy jako pldnovéni, presnost,
otevrenost pri jedndni nejsou pouhymi frazemi. Velmi dulezi-
ta je flexibilita a uméni dodrzet ujednané. Obecné je treba
vyzdvihnout striktni, ale korektni pristup investoru a jejich
zdstupcu.

Jazykovd vyspélost sevefant je velmi vysokd, s angli¢tinou
se lze obejit prakticky kdekoliv, presto veSkerd oficidlni
komunikace probihd v ndrodnich jazycich. Technické normy
a predpisy jsou vét§inou ndrodni, publikované samozrejmé
pouze v piislu§ném a cizincim obtiZné &itelném jazyce. Sva
uskali md také uznavani certifikdtd z jinych akreditovanych
laboratofi a zkuSebnich dstavi neZ nérodnich. Osobni
a profesni kvalifikace jsou v drtivé vét§iné neprenositelné.
VSechny tyto a mnoho dalSich skutecnosti vyzaduji spolupra-
ci na projektech se spolehlivymi mistnimi partnery
a konzultantskymi spole¢nostmi.

Zajimavou novinkou bylo seznameni se se systémem hod-
noceni kvality, BOZP, ochrany Zivotniho prostredi a jeho
smluvnim uplatnovanim. Propracovana klasifikace umozno-
vala zadavateli ukladat sankce, ale na druhou stranu
i odménovat za dobré vysledky. Tento princip je ¢asto uplat-
novén jiz pri vybérovém fizeni na dodavatele, kdy soucdsti
hodnoceni nabidky je velkd vdha kladena na kvalitu predloZe-
né dokumentace spolu s profesni historif uchazece.

ZAVER

Zacatky severské mise Metrostavu byly velmi obtiZné,
kdy se pracovnici setkdvali s novymi pristupy k tune-
larskému femeslu, ale hlavné se ulili pracovat v drsném
a vzdaleném prostfedi. Na zminovanych projektech se poda-
filo dspésné se adaptovat na mistni podminky a zvyklosti
a vybudovat si tak postupné u investora pozici respektova-
ného dodavatele. Tuto zp€tnou vazbu Metrostav obdrzel ze
strany zdstupcu investora pii opakovanych realizacich jak
ve Finsku, tak na Islandu.

Podarilo se tak udrZet kontinuitu podnikdni, a tim
i vychovat specialisty na severské metody razeb. Presto je
vSak nutné ke kazdému novému projektu pristupovat s po-
korou. Spole¢nost se opakované presveédCila, ze kazdé nové
dilo prindsi néco nového a je potfeba problémy na misté umeét
vyreSit. Piikladem budiZ razby pod morem ve Finsku nebo
aktudlni ,,souboj* s islandskou sopecnou geologii. Vzhledem
k soucasné situaci a ne/pfipravenosti projekti v Ceské repub-
lice lze spatfit v zahraniCi a zejména na severu Evropy velky
potencidl podzemnich staveb. Realizace obtiZznych zahranic-
nich projektd tak pomdhd zvySovat kvalifikovanost technik
a délniki Metrostavu a tim i konkurenceschopnost spole¢nos-
ti v zahranici.

Ing. JIRT MOSLER, jiri.mosler@metrostav.cz,
Ing. VACLAV PAVLOVSKY,

vaclav.pavlovsky @metrostav.cz,

METROSTAYV a.s.

Recenzovali: prof. Ing. Jiri Bartdk, DrSc.,
Ing. Pavel Rizicka

Tuel

sophisticated methodologies of employment, relatively com-
plicated taxation systems and strong trade unions. In the case
of a contract for a construction, the general contractor has to
be able to work apart the construction itself not only with all
laws and regulations, but first and foremost, with local cus-
toms. Such terms as planning, precision or openness during
negotiations are not mere phrases. Flexibility and the art of
meeting agreed things are very important. In general, it is
necessary to emphasise the strict and correct approach of pro-
ject owners and their representatives.

The knowledge of languages in Norse countries is very high.
One can do away with English virtually anywhere. Despite this
fact, all official communications are held in the national lan-
guages. Technical standards and regulations are mostly issued
by individual states, and of course published, in the respective
languages, which are difficult for Czech people to read.
Recognizing certificates issued by other accredited laboratori-
es and testing institutes than national ones has also its pitfalls.
Personal and professional qualifications are overwhelmingly
non-transferable. All of these and many other facts require col-
laboration on projects with reliable local partners and consul-
tancy firms.

The familiarisation with the quality assessment, health and
safety at work and environmental protection systems and their
application to contracts was an interesting novelty for
Metrostav managers. The sophisticated classification system
allowed the client to impose sanctions, but on the other hand,
also to give rewards for good results. This principle is often
applied as early as the tendering process, where much weight
is put on the quality of the submitted documentation together
with the professional history of the tenderer.

CONCLUSION

The beginnings of Metrostav’s Norse mission were very dif-
ficult. Workers met new approaches to the tunnelling trade
and, mainly, learned to work in the harsh and remote environ-
ment. On the above-mentioned projects, they successfully
managed to get adapted to local conditions and customs and
establish themselves as a respected contractor for project
owners. Metrostav gained this feedback from representatives
of clients during repeated realisations both in Finland and
Iceland.

In this way the continuity of enterprising was successfully
maintained and specialists in the Norse tunnelling method
were educated. Despite this fact, it is necessary to approach
each new project with humility. The company repeatedly con-
vinced itself that each new project brings something new and
problems must be solved on the spot. Let us mention the tun-
nel excavation under the sea in Finland or the current “duel”
with Icelandic volcanic geology as an example. With respect to
the current situation and the non/preparedness of projects in
the Czech Republic, we can see a great potential of underg-
round construction projects abroad, first of all in the north of
Europe. In this way, the realisation of complicated foreign pro-
jects helps to improve the qualification of Metrostav’s techni-
cians and workers, thus even the competitiveness of the com-
pany abroad.

Ing. JIRI MOSLER, jiri.mosler@metrostav.cz,
Ing. VACLAV PAVLOVSKY,

vaclav.pavlovsky @metrostav.cz,

METROSTAYV a.s.
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UVEDENI NOVEHO USEKU METRA V.A DO PROVOZU

PREHLED STANIC A TRATOVYCH USEKU,
SOUHRN ZMEN BEHEM VYSTAVBY

INAUGURATION OF THE NEW METRO SECTION V.A
OVERVIEW OF STATIONS AND TRACK SECTIONS,
SUMMARY OF CHANGES DURING CONSTRUCTION

ANNA SVOBODOVA, JIRI JUNEK, MIROSLAV FILIP

ABSTRAKT

Pdty isek prodlouZeni trasy A metra v Praze je tisekem ze stdvajici stanice Dejvickd do stanice Nemocnice Motol, ktery méri
6134 m a md celkem Ctyri nové bezbariérové stanice — Borislavka, NddraZi Veleslavin, Petriny a Nemocnice Motol. Projekt
vyznamné zkvalitni dopravni obsluhu tizemi severozdpadniho segmentu hlavniho mésta Prahy a sniZi negativni dopady na zdejsi
Zivotni prostredi. Klicovymi prinosy budou redukce autobusové dopravy na Vitezném ndmesti a v jeho okoli a zlepSeni dopravni
dostupnosti motolské nemocnice. Prvni prdce na stavbé metra V.A byly zahdjeny v dubnu 2010 a stavba byla uvedena do provo-
zu 6.4.2015. VSechny podzemni stanice metra, aZ na Nemocnici Motol, kterd je hloubend, zasazend do svahu nad vstupem do FN
Motol, byly vyrazeny Novou rakouskou tunelovaci metodou (NRTM). Tratovy tunel z Vypichu do stanice Nemocnice Motol je dvou-
kolejny a raZeny téZ metodou NRTM. Ostatni tunely v délce 4177 m jsou jednokolejné raZené dvéma plnoprofilovymi zeminovymi
Stity — technologii EPBS (Earth Pressure Balance Shield), kterd je pro dané podminky oproti NRTM Setrnéjsi, bezpecnéjsi a také
rychlejsi. Mésicni razba dosdhla az 625,5 m i ve sloZitych horninovych pomérech. Vystavbu metra v Praze méla jiz potreti prile-
Zitost Fidit Divize 8 Metrostavu.

ABSTRACT

The fifth operating section of the metro line A in Prague, the so called Metro V.A, is the section leading from Dejvickd station
to Nemocnice Motol station. It is 6,134m long and contains four new barrier-free stations - Borislavka, NddraZi Veleslavin,
Petriny and Nemocnice Motol. The project will significantly improve the transport accessibility in the area of the western segment
of the capital city of Prague and will reduce the negative impacts on the living environment in this region. The key benefits will
lie in the reduction of bus traffic in Vitézné Namésti circle and its surroundings and the improvement of the transport accessibi-
lity of Motol Hospital. The first metro V.A construction operations commenced in April 2010 and the construction was brought
into service on the 6t April 2015. All of the underground stations, with the exception of Nemocnice Motol station, which is of the
cut-and-cover type and is embedded in the slope above the entrance to the Motol University Hospital, were driven using the New
Austrian Tunnelling Method (NATM). The running tunnel from Vypich to Nemocnice Motol station is a double-track structure,
which was also driven using the NATM. The other tunnels, at the total length of 4177m, are single-track structures driven by a pair
of EPB (Earth Pressure Balance) TBM machines. In comparison with the NATM, this technique is more considerate towards envi-
ronment, safer and quicker for the given conditions. The monthly excavation advance rates reached up to 625.5m even in the com-
plicated geological conditions. Division 8 of Metrostav a. s. had the opportunity to manage the development of metro in Prague
already for the third time.

V ndsledujicich kapitolach je shrnuta pétiletd doba vystavby
jednotlivych stanic, tratovych tunela, liniovych objekta
a dal8ich stavebnich objekta. DuleZitd je nejen stavebni Cast, ale
i technologickd, jejiz koordinaci se divize 8§ Metrostavu zabyva-
la posledni 1,5 rok vystavby.

STANICE BORISLAVKA

Jednd se o jednolodni raZenou stanici (obr. 1) s hloubkou
nastupisté pod terénem 27,1 m a délkou 193 m. Stani¢ni tunel
navdazal na dpadni 223 m dlouhou pristupovou $tolu FrantiSek
razenou z portdlu v ul. Kladenskd a byl ¢lenén na tfi dilé{ vyru-
by (dva bocni a jeden stredovy), které byly ddle ¢lenény na kalo-
tu, opéfi a dno. Razba probihala metodou NRTM s délkou zabé-
ru l m.

Vystavba stanice Borislavka

Z davodu zhorSenych geotechnickych parametrt horninového
masivu v oblasti stanice a moZnosti vyskytu poklesu, které by se
mohly projevit na povrchovych objektech, byla prijata opatfeni
— zmény nékterych prvka zajiStovani vyrubu stanice a zména
Clenéni vyrubu stanice z horizontalniho na vertikdlni po celé

The following chapters present a summary of the five-year
period of the construction of individual stations, running tun-
nels, linear structures and other building structures. Not only
the civil engineering part is important. Even the technologi-
cal part, which the Division 8 of Metrostav a. s. dealt with
during the last 1.5 years of the construction, is important.

BORISLAVKA STATION

It is a single-vault mined station (see Fig. 1) with the 193m
long platform located at the depth of 27.1m under the terrain
surface. The station tunnel was connected to 223m long
FrantiSek access tunnel, which was driven downhill from the
portal in Kladenska Street. The excavation was divided into
three sequences (two sidewall drifts and one central tunnel),
which were further sub-divided into top headings, benches
and bottoms. The excavation was carried out using the
NATM, with the advance per round of 1m.

Bofislavka station construction

The following measures were adopted because of worsened
geotechnical parameters of the ground mass in the area of the
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Foto/Photo Ing. JiFi Junek, CSc.
Obr. 1 Ndstupisté stanice BoFislavka
Fig. 1 Borislavka station platform

délce stanice s vyjimkou razby rozrazky; zesileni osténi ze stii-
kaného betonu ze 400 mm na 500 mm v¢. zhusténého vystrojo-
vani tunelu kotvami, prihradovymi rdmy, sitémi, prilozkami
atd. Pro minimalizaci poklesu povrchu terénu a jejich vlivu na
stavebni objekty v ul. Kamerunské byla realizovédna pred zaha-
jenim razby vlastni stanice pilotové sténa (clona) z 10 ks pilot
o pruméru 900 mm a hloubce 40 m v¢&. zlepSeni parametra hor-
niny injektaZemi v oblasti patek této stény. V rdmci geomonito-
ringu doslo k doplnéni a zvySeni Cetnosti méreni a sledovani
deformaci v tunelu i na povrchu.

Z duvodu sniZeni vlivu vystavby na okolni zédstavbu byla
zakryta vstupni a manipulacni ¢ést staveni§té CV3 v ul. Kla-
denskd rozsahlou protihlukovou halou a byla vyménéna okna
v dotéenych objektech v ramci protihlukovych tprav.

Pred samotnou razbou stanice byla pod panelovym domem
¢. p. 599 v ulici Kamerunska, ktery se nachdzel v zéné¢ mozné-
ho deformacniho ovlivnéni, realizovana horizontdlni mikropi-
lotovd clona z profilu rozfarani stanice pomoci mikropilot
R 108/16 mm v poctu 16 ks délky 12 m.

Rozfaranf{ stanice na rozdil od stanice Petfiny bylo v samotné
stanici. V prvnf ¢dsti rozfardni v délce 13 m doslo k horizon-
talnimu rozsireni vyrubu, v druhé &asti v délce 21 m k ver-
tikdlnimu ¢lenéni vyrubu (obr. 2).

Z duvodu eliminace zpoZdéni raZeb stanice Bofislavka zpu-
sobeného nepfriznivou geologii bylo prijato dodate¢né technic-
ké opatfeni, které umoznilo soubézné prace na dorazbé stredni-
ho stani¢niho vyrubu a razbu tratovych tuneld pomoci $titu ze
stanice Borislavka do stanice Dejvickd. Byly pouzity ochranné
ocelové steny délky 8 m z obou stran stfedniho vyrubu. Béhem
razby stanice bylo vyvezeno 45 000 m3 rubaniny.

Pro zasobovani razby S§tity a pro zahdjeni betondZze spodni
klenby stanice bylo nutné vybudovat ve stanici provizorni na-
sypy a zpevnéné plochy, po kterych se odkldnéla doprava.
Soucasné se zdsobovanim tézkymi prefabrikaty levym tratovym
tunelem byla pravym tunelem realizovdna betonaZz spodni klen-
by stanice z duvodu dodrZeni kone¢ného terminu vystavby.

Prvni dilata¢ni dil stanice mé profil zvySeny o 700 mm pro
zabudovani tfi- aZ Ctyfpatrového objektu vysky 12 m a délky
témer 70 m, ktery slouzil jako technologické zdzemf stanice.

Bednéni vrchni klenby o hmotnosti 150 tun bylo z posuvné formy
stavebnicového typu. Z divodu stisnénych podminek v prostoru sta-
nice ji bylo nutné posklddat v opaéném poradi, od vrchnich dila
(zaveéSenych pomoci ¢tyr 17metrovych tahel v prostoru vytahové
Sachty) postupné az k dilum spodnf &4sti formy.

Pro izolaci stanice byla zvolena kombinace stiikané izolace
na Celnich sténdch stanice a izolace féliové, kterd se ve dné rea-
lizovala po sektorech ve dvou vrstvich tak, aby ji bylo mozné

Foto/Photo Ing. JiFi Junek, CSc.
Obr. 2 Rozfdrdni stanice Bofislavka
Fig. 2 Bifurcation for the excavation of Borislavka station

station and the possibility of the occurrence of subsidence
which could manifest itself on existing surface buildings:
changing some elements of the station excavation support
and changing the station excavation sequence from the so-
called horizontal sequence to the so-called vertical sequence
throughout the station length, with the exception of the exca-
vation for the bifurcation of the access tunnel; increasing the
thickness of the shotcrete lining from 400mm to 500mm,
reducing the spacing between anchors and lattice girders and
adding welded mesh mats and strap pieces, etc. A pile wall (a
curtain) consisting of 10 piles 900mm in diameter and 40m
deep was realised before the commencement of the station
excavation with the aim of minimising the subsidence of the
terrain surface and its influence on building structures in
Kamerunska Street, inclusive of the improvement of ground
parameters in the area of the pile toes by grouting. The num-
ber and frequency of measurements and observations of
deformations, both inside the tunnel and on the surface, was
increased within the framework of the geomonitoring.

The entrance and handling part of the CV3 construction site
in Kladenskd Street was covered by an extensive noise atte-
nuation shed and the windows of the affected buildings were
replaced within the noise control measures.

A horizontal micropile curtain consisting of 16 micropiles
R 108/16 21m long was carried out before the commence-
ment of the station excavation itself at the beginning of the
station excavation, under panel building No. 599 in
Kamerunska Street, which was located inside the zone of the
potential deformation effects.

The access tunnel bifurcation leading to the station excava-
tion was, in contrast with Petfiny station, located in the stati-
on itself. In the initial 13m long part of the bifurcation, the
excavation width was horizontally enlarged; in the 21m long
second part, the vertical excavation sequence was applied
(see Fig. 2).

An additional technical measure allowing the concurrent
work on the completion of the excavation of the central stati-
on tunnel and driving running tunnels by means of the TBM
shields from Bofislavka station to Dejvickd station was ado-
pted with the aim of eliminating the delay in the excavation
of Borislavka station caused by unfavourable geology.
Protective steel walls 8m long were used on both sides of the
central station tunnel excavation. The volume of muck tran-
sported from the station amounted to 45,000m?.
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kontrolovat. V obdobi od i{jna 2013 do pulky bfezna 2014 byla It was necessary for supplying materials for the TBMs and
realizovdna izolace a definitivni osténi ve vzduchotechnické for the commencement of casting the concrete station invert
Casti pristupové Stoly FrantiSek, kterd slouZila v dobé vystavby to develop temporary embankments and hard surfaced areas

jako zasobovaci cesta do stanice. Na §tolu navazuje svisld vét- in the station for diverting the traffic. The casting of the conc-
raci Sachta, kterou bude proudit pfes ventildtory osazené ve | rete invert of the station was carried out through the right-
Stole vzduch pro vétran{ celé stanice. Ve §tole byla zfizena jefd- | hand running tunnel, simultaneously with supplying heavy
bovd drdzka pro manipulaci a osazeni ventilatora. Nésledné pre-cast elements through the left-hand running tunnel, so
byla zbyla &4st pristupové Stoly v délce 100 m zaplnéna popil- | that the final construction deadline was met.

kobetonem. The height of the profile of the first expansion block of the

Pro betonaz definitivniho osténi vétraci Sachty byla zvolena station is increased by 700mm for the purpose of the incor-
technologie kontinudlni betondze. Byl pouZit specidlni beton | poration of a three- to four-storey structure 12m high and
o pevnosti C 30/37 dosahujici penetra¢niho odporu 6 MPa nearly 70m long, designed to serve as a technical hinterland
potiebného pro odbednéni po 6 hodindch. BetondZ byla nasta- of the station.
vena na zdbéry délky 20 cm kazdou hodinu. Celkova vyska The 150 tonne formwork for casting of the upper vault was
betonovaného tiseku byla 22,06 m. I pres nepiizeni pocasi byla designed as a modular travelling set. Because of the constra-
celd Sachta zabetonovdna za 109 hodin. Pro tuto metodu bylo | 1ned conditions in the station space, it was necessary to

nezbytné izolovat a armovat celou Sachtu v plné vy3i pred beto- | @assemble itin the reverse order, starting from the upper com-
nazi. P¥i porovnani metod klasické a kontinudlni betondze se lze | Ponents (SUSpend?“j by means of ff)ur 17 metres long ties in
jednoznacné u Sachet hlubsich nez 15 m piiklonit ke kontinual- | the space of the lift shaft) successively down to the compo-

nents of the lower part of the form.

ni betonazi. Nejvétsi vyhodou této varianty je vylouceni spar = ) )
A combination of sprayed-on waterproofing applied to the

a zamezeni vniknuti vody do konstrukce. Dochdzi tak ke vzni- : | ’
ku ,,vodonepropustného* télesa. Provadéni praci je o 25 % front walls of the station and a plastic waterproofing mem-

rychlej$i ne# u klasické metody. Dile je kontinuilni betondz brane, which was installed in two layers divided into the sec-

bezpetn&ji metoda, protoZe na rozdil od klasické metody | OSSO that checking on it was posmb!e, was chosen fgr the
waterproofing system. The waterproofing and final lining in

nevznikaji rizikové ¢innosti pri posunu a zakotveni formy. o o .
the ventilation part of FrantiSek access tunnel, which served

Architektura stanice Borislavka during the construction as a supply route to the station, were

Tato raZend jednolodni stanice s vystupy obéma sméry je | realised from October 2013 to the half of March 2014.
umisténa pod Evropskou ulici. Dva podchody pod Evropskou A vertical shaft which air for the ventilation of the entire sta-
ulici byly budovény ve dvou etapdch tak, aby nebyla pferusena tion will flow through, via fans installed in the access tunnel,
automobilovd ani tramvajovd doprava. Vystupy v drovni | g connected to the tunnel. A crane track for handling and

Evropské jsou navrZené bez pifstieski, pouze s ocelovym por- assembling the fans was installed in the tunnel. The remai-
tdlem, signalizujfcim vstup do stanice. Kiosky vytahi jsou pro- | ning 100m long part of the access tunnel was subsequently
sklené. V podchodech je situovdna obchodni vybavenost. backfilled with cinder concrete.

Budouci podchod pod Liberijskou ulici pod jihozdpadnim sek- Continuous casting of concrete was chosen for the con-
torem kfizovatky, odkud je uvazovan piistup do pldnovaného struction of the final lining of the ventilation shaft. Special
obchodné-administrativniho centra Bofislavka, bude pfimo pro- | (30/37-grade concrete reaching the penetration resistance of
pojen s podchodem k vestibulu metra zvyraznénym prosklenym 6MPa, which was required for stripping of the formwork
svetlikem. after 6 hours, was used. The casting rate was set for 20cm

Vyrazné podélny charakter stanice je podpofen podélnym | high lifts every hour. The total height of the concrete casting
¢lenénim obkladu nastupisté, ddle sdruZzenymi nosniky u hran | section was 22.06m. Even despite the adverse weather, the
nastupisté, svitidly na stojanech ve stfedu ndstupisté casting of concrete of the entire shaft was finished in 109
a oZivujicim cCervenym pletencem v dlazbé ndstupisSte. hours. It was necessary for this method to install the concre-
Charakteristickou barvou je pro tuto stanici Cervend te reinforcement of the entire shaft prior to casting the conc-
a Gervenohnéda (motivovand nazvem blizkého sidlisté Cerveny rete. If we compare classical and continuous concrete casting
Vrch a téZbou krevelové rudy v minulosti) v kombinaci methods, it is possible to unambiguously prefer continuous
casting in the cases of shafts deeper than 15m. The greatest
advantage of this variant lies in the exclusion of joints and
prevention of the penetration of water into the structure.
A body “impervious for water” originates in this way. The
execution of the work is by 25% quicker than in the case of
the classical method. In addition, the continuous casting met-
hod is safer because, in contrast with the classical method,
the dangerous operations when the formwork is being shifted
and anchored are not necessary.

Bofrislavka station architecture

This mined single-vault station with exits in both directions
is located under Evropska Street. Two pedestrian subways
under Evropskd Street were constructed in two stages so that
the automobile and tram traffic was not interrupted. No cano-
pies were designed for the exits at the level of Evropskd
Street. There are only steel portals signalling the entrances to
the station. The lift kiosks are glazed. Shopping amenities are
Obr. 3 Ndstupisté stanice Nadrazi Veleslavin located in the pedestrian subways. The future pedestrian sub-
Fig. 3 Nddrazi Veleslavin station platform way under Liberijskd Street under the south-western sector of

Foto/Photo Ing. JiFi Junek, CSc.
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FotolPhoto Ing. Jtnek, CSc.
Obr. 4 Stavebni jama s portdlem pro zahdjeni razby stanice Nddrazi Vele-
slavin

Fig. 4 Construction pit with the portal for the commencement of the excava-
tion for NddrazZi Veleslavin station

s opalové zelenou barvou trasy A. Vrch klenby je stejné jako
v ostatnich stanicich v odstinu ,,dual tone* — podle uhlu pohle-
du se barva méni od bélavé do champagne.

STANICE NADRAZ| VELESLAVIN

Stanice Nadrazi Veleslavin (obr. 3) je prvni trojlodni stanici
prazského metra raZenou metodou NRTM z portdlu v hloubené
Casti stanice (obr. 4). Ndstupisté se nachézi v hloubce 194 m
pod terénem. Konstrukéni usporddani umoznilo ¢lenény postup
vystavby i v mén¢ priznivych geologickych podminkdch a pri
malé vysce nadloZzi.

Vystavba stanice Nadrazi Veleslavin

Pred zahdjenim praci na stavebni jaimé, ze které byla ndsled-
né raZena stanice NadraZi Veleslavin, muselo dojit k preloZen{
stavajici kanalizace DN400 o délce 125 m a DN1000 o délce
135 m. Razba preloZzek poslouzila k inZenyrskogeologickému
prizkumu pro stanici. Ddle musel byt preloZen hradni vodovod
postaveny v letech 1550-1573, ktery zdsobuje kasny a zahrady
Prazského hradu uZitkovou vodou a je napdjen z Libockého
rybnika.

Projekt raZené trojlodni stanice Nadrazi Veleslavin doznal
nékolika zdsadnich zmén. Pavodné zamyslend f6liovd hydroi-
zolace byla z duvodu sloZitosti a funk&nosti detaild napojeni
bocnich vyrubl na stfedni vyrub nahrazena systémem stiikané
hydroizolace. Déle doSlo k presunuti technologického zdzemi
do prostoru sjizdné rampy v hloubené casti stanice. Projekt
puvodné pocital s umisténim technologického zdzem{ do samo-
statného stredniho tunelu navazujiciho na vychodni ¢4st néstu-
pisté. Zasadnim divodem vedoucim k realizaci nového feSeni
bylo splnéni terminu stavebni pripravenosti pro ménirnu
a distribu¢ni trafo (MDT) podle aktualizovaného fidiciho har-
monogramu k 1. 8.2013.

Po rozhodnuti o premisténi technologického centra z raZzené
Casti stanice do prostoru rampy byly provadény od poloviny
zari 2012 predstihové préce nutné k zajisténi jamy technologic-
kého centra. Jednalo se zejména o prikotveni severni stény
hlavni jamy, které probihalo komplikovanou technologii vrtan{
pres volnou hloubku 8 m Siroké sjizdné rampy.

Velkou vyzvou pri organizaci a provadéni praci bylo postup-
né zahlubovani budouciho technologického centra do sjizdné
rampy v dobé jejitho uZivani pro provoz razeb stanice
a vzduchotechnickych propojek. Prujezdnost rampou byla
ukonéena po Dni otevienych dvefi dne 20. 1. 2013.

TuoufHel

the intersection, from which the access to the future
Borislavka commercial-administration centre is planned, will
be directly interconnected with the pedestrian subway lea-
ding to the metro concourse.

The distinctly longitudinal character of the station is boos-
ted by the longitudinal division of the platform wall cladding,
multi-purpose bearing beams along the platform edges, lumi-
naries installed on posts along the platform centre line and
a brightening red cluster in the platform pavement. The
colour characteristic for this station is red and reddish-brown
(it is motivated by the name of the nearby residential area
Cerveny Vrch (the Red Hill) and by the extraction of hemati-
te ore in the past) combined with opal green colour of the
Line A. The crown of the vault is in the “dual tone” shade,
identically with the other stations — the colour changes from
whitish to champagne, depending on the angle of viewing.

NADRAZI VELESLAVIN STATION

Nadrazi Veleslavin station (see Fig. 3) is the first triple-
vault station of the Prague metro. It was driven from the por-
tal in the cut-and-cover part of the station (see Fig. 4) using
the NATM The platform is located at the depth of 19.5m
under the terrain surface. The structural layout allowed for
the sequential procedure of the construction even in the less
favourable geological conditions and under the shallow over-
burden.

Nadrazi Veleslavin station construction

Prior to the commencement of the work on the constructi-
on pit, which the NadraZi Veleslavin station was subsequent-
ly driven from, it was necessary to divert an existing 125m
long, DN400 sewer and a 135m long, DN1000 sewer. The
excavation for the diversions helped to carry out the engine-
ering geological survey for the station. In addition, the Castle
water main built in 1550-1573, fed from Liboc pond and
supplying Prague Castle fountains and gardens with raw
water, had to be relocated.

The design for NddraZi Veleslavin triple-vault station was
several times fundamentally changed. The originally planned
plastic membrane waterproofing was replaced with a spray-
on waterproofing system for the reason of the complexness
and functionality of the details of the connection of the side
tunnels to the central station tunnel. In addition, the techno-
logical hinterland was moved to the space of the descending
ramp located in the cut-and-cover part of the station. The
design originally counted with the placement of the techno-
logical hinterland in an independent central tunnel linking the
eastern part of the platform. The basic reason leading to the
implementation of the new solution lied in the deadline for
the completion of civil works required for the installation of
equipment in a sub-station and a distribution transformer sta-
tion, which was required by a master schedule updated as of
the 15t August 2013.

After the decision on the relocation of the technological
centre from the mined part of the station to the space of the
ramp was made, advance work operations necessary for the
stabilisation of the construction pit excavated for the techno-
logical centre were carried out (from the half of September
2012). They comprised first of all the anchoring of the nort-
hern wall of the main construction pit, which was carried out
using a complicated drilling technique, across the free depth
of the 8m wide descending ramp.

A great challenge during the execution of construction
work was presented by the gradual embedding of the future
technological centre into the descending ramp when the ramp




vERANL

-
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Obr. 5 Ndstupisteé stanice Petriny
Fig. 5 Petriny station platform

V prubéhu razby levého a pravého stani¢niho tunelu docha-
zelo k problémum se stabilitou ¢elby vyrubu. Z davodu nutnos-
ti zajiSténi bezpecnosti a zvySeni stability vyrubu byly pouZity
chemické injektdze na bézi pénicich polyuretanu.

Pocatkem listopadu 2012 bylo dokonceno definitivni osténi
obou bo¢nich stani¢nich tuneld s komplikovanymi konstrukéni-
mi prvky (podpurné sloupy a trdmy), které jsou pro vystavbu
podzemnich dél unikétni. Poté byly zahdjeny razby stfedniho
vyrubu. Tyto razby byly dsteéné realizovdny bez pristupu po
sjizdné rampé, pouze s vertikdlni obsluhou pracoviste.

Objem vyrubu razené &dsti stanice predstavoval 22 tis. m3,
objem vykopu hloubené &asti 70 tis. m3.

Na vychodni &dst ndstupisté, kterd neni jinak spojena
s povrchem, navazuje tnikovy objekt sloZeny z 13,8 m hlubo-
ké Sachty a 56,1 m dlouhé Stoly, kterda se nachdzi pod ulici
Evropskad a kde byly za Gcelem zlepSeni stability horninového
masivu provedeny tryskové injektdze. Sachta tinikového objek-
tu byla zajisténa pomoci prevrtdvanych pilot o pruméru 900 mm
namisto puvodné pldnované realizace pomoci NRTM.
V tinikovém objektu stejné jako v trojlodni stanici, jak jiZ bylo
zminéno, byla poprvé v naSich podminkdch pouZita stfikand
hydroizolace ve velkém rozsahu (pres 7000 m2). Aplikace hyd-
roizolaéniho materidlu na bdzi polymercementu probihala ve
trech vrstvdch a vzniklo tak souvrstvi o tloustce 3 mm. V misté
dilatacnich a pracovnich spar musela byt vrstva zesilena.
Architektura stanice Nadrazi Veleslavin

Stavebni objekty vystupujici nad terén jsou minimalizované.
Ztvarnénim zcela odpovidaji své funkci a zapadaji do daného
tzemi. Jejich pojicim prvkem je barevné jednotna ocelova kon-
strukce a proskleny obvodovy plast's prirozenou reflexi.

Vystupy ze stanice na terén po pevném schodisti jsou navrze-
ny jako otevrené, pouze s parapetnimi zidkami s keramickym
obkladem v cihlové &ervené barvé z materidlu odolného vuci
graffiti a ulpivdni necistot na povrchu.

Mistnost dozorc¢tho ve vestibulu stanice je navrZena
v oblouku a je zde pouzito strukturdlni zaskleni bez pritlacnych
list. Vyska prosklené stény je 4,5 m. Vestibul spole¢né s touto
sténou designové doplnuje lepeny sklenény obklad se vzorem
plasticky vystupujicich kiizka se zrcadlovym efektem. Tento
obklad je nalepeny na sténé nad eskaldtory a lemuje tak drdhu
cestujicich sméfujicich na ndstupiste.

Svou konstruke{ a tvarem razeného profilu je stanice Nadraz{
Veleslavin jedineéna. Trojlodni profil nastupisté¢ dodava stanici
robustni dojem, ktery podporuji betonové sloupy pod masivni-
mi podélnymi pruvlaky. Tento dojem zvySuje i Zulova dlazba
formatu 600x600 mm. Klenby nad ndstupistém jsou obloZeny
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was still used for the operation of the excavation of the stati-
on and ventilation cross passages. The passability through the
ramp was terminated after the Doors Open Day held on the
20th January 2013.

Problems with the stability of the excavation face were
encountered during the course of the excavation of the left-
hand and right-hand station tunnels. Polyurethane-based che-
mical grouting was applied because of the necessity for secu-
ring safety and increasing the excavation stability.

The final lining of both sidewall station tunnels with com-
plicated structural elements (supporting columns and beams),
which are unique for the construction of underground wor-
kings, was finished at the beginning of November 2012. The
excavation for the central station tunnel started subsequently.
This excavation was partially realised without the access
along the descending ramp, only with vertical servicing of the
workplace.

The volume of the mined part of the excavation was 22
thousand m3, whilst the volume of the excavation in the cut-
and-cover part amounted to 70 thousand m?3.

An escape structure consisting of a 13.8m deep shaft and
a 56.1m long gallery passing under Evropska Street , where
jet grouting was carried out with the aim of improving the
properties of the ground mass, is connected to the eastern part
of the platform, which is not connected with the surface in
another way. The escape shaft excavation was supported with
secant bored piles 900mm in diameter instead of the origi-
nally planned realisation using the NATM. A spray-on
waterproofing system, identical with the system used in the
above-mentioned triple-vault station, was applied to the esca-
pe structure, for the first time in our conditions to a great
extent (over 7000m?2). The application of the polymer-cement
waterproofing material proceeded in three layers. A 3mm
thick series of layers originated in this way. The thickness
had to be increased in the locations of expansion and end-of-
shift joints.

Nadrazi Veleslavin station architecture

Structures protruding over the terrain surface are minimi-
sed. Their architectural rendering fully complies with their
functions and they fit into the given area. The uniting element
of the structures lies in the uniform-colour steel structure and
a glazed envelope with natural reflection.

The exits from the station to the terrain along staircases are
designed as open structures, only with parapet walls clad with
ceramic tiles in brick red colour from a material resistant to
graphiti and dirt sticking to the surface.

The room for a supervisor in the station concourse is desig-
ned on a curve. Structural glazing without pressure bars is
used there. The glazed wall is 4.5m high. The concourse con-
taining this wall is supplemented by glued glass cladding
with the pattern of plastically protruding crosses with
a mirror effect. This cladding is glued to the wall above the
escalators. It borders the path of passengers heading toward
the platform.

Veleslavin station is unique through its structure and geo-
metry of the mined profile. The triple-vault profile of the
platform gives the station a robust impression, which is sup-
ported by concrete pillars under massive longitudinal beams.
This impression is further boosted by granite pavement with
600x600mm slabs. The vaults above the platform are covered
with a soffit from vitreous enamel aluminium lamellas in
colour combinations. The pillars are clad in stainless steel
sheets. Italian thin-walled ceramic tiles 500x1000mm
(3.5mm thick) provided with a reinforcing glass mesh are
designed for the cladding of walls in public circulation
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podhledem z hlinikovych smaltovanych lamel v barevnych
kombinacich. Sloupy jsou obloZeny nerezovym plechem.
Obklad stén ve verfejnych Cdstech je navrZen z italské tenkos-
ténné keramiky tl. 3,5 mm a formatu 500x1000 mm s vyztuZnou
skelnou sitkou. Obklad md vertikdlni reliéf a prirozenou hrbo-
latost pfipominajici kdmen, ¢imZ vhodné dopliuje navrZzenou
dlazbu.

Ve stanici se v budoucnu predpoklddd propojeni na pozdéji
planovanou stanici rychlodrahy.

STANICE PETRINY

Jednd se o jednolodni raZenou stanici (obr. 5) s ndstupi$tém
35 m pod terénem, coZ predstavuje nejhloubéji umisténou sta-
nici na 5. dseku trasy A prazského metra. Délka stanice je 217 m
a je situovéna pod ulici Brunclikova, proto musely byt veskeré
prace provadény pri pe€livém dodrzovani hygienickych norem
(omezeni hluénych praci v no¢nich hodinach). Objekt stanice
spole¢né s rozfaranim, které se realizovalo 25 m pred samotnou
stanici (obr. 6), navdzal na tunel pro obratové koleje o délce
176,5 m a vzduchotechnickou Stolu o délce 93 m, kterd je
pokraovanim pristupové Stoly Markéta.

Prvni polovina stanice je ve stoupdni 0,3 % a druhd polovina
v Upadnim sklonu 0,3 %.

Vystavha stanice Petfiny

Pred zahdjenim realizace stanice doSlo k vyznamné zméné
koncepce oproti zaddvaci dokumentaci. Pavodné méla byt sta-
nice vybudovéna aZ po projeti zeminovych §tita. VyuZitim pru-
zkumného dila — Stoly Markéta o délce 220 m — byla razba sta-
nice realizovand jiZ v pfedstihu pted pifjezdem Stitu.

Razba stanice byla realizovdna technologii NRTM s délkou
zdbéra 1,5 m a 1 m bez pouziti trhacich praci a byla rozdélena
na dva bo¢ni vyruby a jeden stfedni. Bo¢ni vyruby byly déle
rozdéleny na kalotu, opéfi a dno a stfedni vyrub na kalotu, jadro
a dno.

Nepretrzity provoz razeb stanice probihal soucasné na tfech
pracovistich, pfitem? doprava materidlu a odvoz 57 tis. m?
rubaniny byl realizovan pouze Stolou Markéta.

Eskalatorovy tunel se z hlediska vySkového vedeni razil ve
sklonu 30°, coZ je obvykly sklon pro konstrukci eskaldtoru.

Ve spodni &dsti vetraci Sachty byl misto foliové hydroizolace
pouzit systém strikanych hydroizolaci o celkové tloustce 3 mm.

Vystavbou stanice do§lo k naruSeni pfirozeného volného
proudéni podzemni vody a tim k vytvoreni prehrady. Pro obno-
veni puvodniho hydrogeologického rezimu byly realizovany ve
dné stanice prevody vody z perforovanych trubek tak, aby voda
mobhla volné proudit z jedné strany stanice na druhou.

Bezbariérovy pristup do stanice je zabezpeen dvéma rych-
lovytahy ve vytahové Sachté o celkové hloubce 24 m pod teré-
nem. NavrZzeny zpusob realizace vytahové Sachty byl zménén.
Puvodné méla byt Sachta vyhloubena pfed vyraZzenim vlastn{
stanice. AvSak pozdnim preddnim staveni$té vlivem pripomi-
nek dcastniku fizeni pro dzemni rozhodnuti tomu bylo naopak.
Stanice se tak zcela vyrazila je§té pred zahdjenim praci na
hloubeni Sachty a teprve poté se vytahova Sachta vyhloubila do
drovné cca 3,5 m nad stanici. Po dokonceni definitivniho osté-
ni stanice, s vynechdnim prostupu do vytahové Sachty, byla
provedena specidlni konstrukce z¢4sti zabetonovana do defini-
tivniho osténi klenby, kterd zajistila bezpeCnost price pri
dohloubeni Sachty a ndsledném rozrezdni primdrniho osténi
stanice. Poté dosSlo k napojeni izolace a definitivniho ostén{
stanice se Sachtou.

Definitivni osténi stanice bylo dokonceno podle ¢asového
planu v pozadované kvalité s dodrzenim zdsad bezpecnosti
prace. Prace na definitivnim osténi zaaly oproti fidicimu

. . FotolPhoto Ing. Jifi Junek, CSc.
Obr. 6 Rozfdrdni pred stanici Petiiny
Fig. 6 Bifurcation for the excavation for Petriny station

spaces. The cladding has a vertical relief and naturally rough
surface reminiscent of stone; therefore it suitably supple-
ments the designed pavement.

The station space is expected to be interconnected with the
express railway station planned for the future.

PETRINY STATION

It is a single-vault mined station (see Fig. 5) with the plat-
form at the depth of 35m under the terrain surface, which
means that it is the deepest station located on the 5th section
of the Prague metro line A. The station is 217m long. It is
located under Brunclikova Street, which is the reason why all
operations had to be carried out with sanitary standards
(restriction of noisy work during night hours) carefully adhe-
red to. The station structure, together with the bifurcation rea-
lised 25m before the station itself (see Fig. 6), linked to the
176.5m long tunnel for dead-end tail tracks and to the 93m
long ventilation gallery, which is the continuation of Markéta
access tunnel.

The first half of the station is on a 0.3% uphill gradient,
whilst the second half is on a downhill gradient of 0.3%.

Petfiny station construction

A significant change in comparison with the tender docu-
mentation was made before the commencement of the station
construction. The station was originally to be constructed
only after the passage of the EPB TBM shields. Thanks to the
use of the survey-purpose tunnel — the 220m long Markéta
approach tunnel — the excavation of the station was realised
in an advance of the arrival of the shields.

The mined station was excavated without blasting, using
the NATM with the advance per cycle of 1.5m or 1m. The
excavation sequence consisted of two sidewall drifts and one
central tunnel. The sidewall drifts were sub-divided into top
headings, benches and bottoms.

The continuous excavation for the station proceeded simul-
taneously at three headings, with the transport of materials
and removal of 57,000m3 of muck realised solely via the
Markéta approach tunnel.

From the aspect of the vertical alignment, the escalator tun-
nel was driven on an incline of 30°, which is a gradient custo-
mary for escalator structures.

A spray-on waterproofing system with the thickness of
3mm was applied to the lower part of the ventilation shaft
instead of a plastic membrane.
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harmonogramu o dva mésice pozdé€ji, ale diky zkrdceni doby The construction of the station created a dam disturbing the
montdze bednici formy a zrychlenim cyklu betonaze bylo defi- natural free flow of groundwater. Two water bypasses from
nitivni osténi dokonceno s tydennim predstihem. perforated tubes were realised at the station bottom for the
Architektura stanice Petiiny restoration of the original hydrogeological regime so that

Viechny povrchové objekty stanice Petfiny jsou navrZzeny water could flow freely from one side of the station to the

other one.

The barrier-free access to the station is secured by two
express lifts installed in a lift shaft with the total depth of
24m under the terrain surface. The proposed method of con-
structing the lift shaft was changed. Originally the excavati-

v jednotném designu, jehoZ charakteristickym prvkem je sklo-
betonvldknity obklad s vyraznym reliéfem. NavrZené zelené
prvky vestibulu v podobé popinavych rostlin pfi fasdddch
a suchomilné rostliny spole¢né se vzrostlymi stromy na stfeSe
nasleduji urbanismus zaloZeny z minulych let a v Brunclikové

ulici tak dotvéfejf stavajici stromoradi. on for this shaft was to be carried out prior to the excavation
Dominantnfmi prvky ndstupisté je prostorovd konstrukce for the station itself. Eventually, it was carried out converse-
,bublina** z pohledového betonu s ndzvem stanice a objekt pre- | 1Y owing to the delayed handover of the construction site
pravniho manipulanta, ktery neni jako obvykle fesen v podobé resulting from comments submitted by parties in the building
dodate¢né pfiddvanych montovanych bunék, ale diky tvarovému | Proceedings. In this way, the excavation for the station had
a materidlovému feSeni je pevné stavebné a prostorové svdzanse | Deen completed before commencement of the excavation for
stanici. Zelezobetonovy skelet provedeny z pohledového betonu | the shaft and only then the excavation for the lift shaft was
je vypInén kombinaci stén ze sklobetonovych tvérnic, vyzdéné- carried out down to the level of ca 3.5m above the station.
ho Stukovaného parapetniho zdiva a prosklenych vyplni. After the completion of the final lining of the station, with an
Obklady klenutého prostoru jednolodnf stanice, eskalatorové- | opening for the lift shaft left in it, a special structure partly
ho tunelu a podhledy pod stropy jsou provedeny ze smaltova- embedded in the concrete final lining vault was carried out. It
nych hlinikovych lamel v klenbé s podélnou negativni spérou, secureq the safety at work when the excavation for the .sh.aft
kdy k sob& jednotlivé lamely nepfiléhaji. Obklad klenby je na | Was being completed to the full depth and the primary lining
bo¢nich plochich v Eerveno-hnédém odstinu. of the station was subsequently being cut into pieces. After
that, the waterproofing and the final lining of the station were

STANICE NEMOCNICE MOTOL A PRILEHLE TRATOVE connected to the shaft.
TUNELY NRTM The final lining of the station was finished on schedule, in

the required quality and with safety at work rules adhered to.
The work on the final lining commenced with a two-month
delay of schedule. Owing to the reduction of the formwork
assembly time and the acceleration of the concrete casting
cycle, the final lining was completed one week in advance.

Petfiny station architecture

Stanice Nemocnice Motol (obr. 7) je jedinou hloubenou sta-
nici na novém tseku V.A. M4 délku 217 m a hloubka ndstupis-
t¢ je 5,6 m pod terénem. Je jedinou stanici na trase V.A se
dvéma bo¢nimi ndstupisti. Pod drovni ndstupist’ je navrZen ves-
tibul, ktery vzdjemné propoji ndstupisté pevnym schodistém,
eskaldtorem a vytahem. Vestibul je napojen na podchod pod

ulici Kukulova ustici do hlavni budovy motolské nemocnice. All at-grade structures of Petfiny station are designed to
Za stanici se nachdzi obratové koleje o délce 406 m, na které follow a unified style the characteristic element of which is
navazuje objekt strojovny vzduchotechniky, jejiZ nosnd kon- a glassfibre reinforced plastic cladding with a noticeable reli-
strukce po¢itd s pifpadnym prodlouzenim metra A dédle na zépad | ef. The proposed green elements of the concourse in the form
Prahy. Stanice Nemocnice Motol je s Vypichem, kde se nacha- of plants climbing on the facades and xeric plants together
zela montdzni Sachta $titu, spojena 735 m dlouhym dvoukolej- with grown trees on the roof follow the urbanism founded
nym tunelem raZenym metodou NRTM. during the past years; in Brunclikova Street they even com-
Vystavba stanice Nemocnice Motol plement the existing tree lines. . _
a prilehlych stavebnich objektt Dominant elements of the platform comprise a spatial

structure from concrete with architectural finishes, the
Bubble carrying the name of the station, and a booth for the
transport operator, which is solved, owing to the geometrical
and material solution, as a structure firmly structurally bound
with the station instead of the usual system of subsequently
added assembled cells. The reinforced concrete frame carried
out using architectural concrete is filled with a combination
of glass concrete blocks; masonry parapet walls provided
with hard finish and glazed infill above them.

The cladding of the vaulted space of the single-vault stati-
on and the escalator tunnel and ceiling soffits are from vitre-
ous enamel aluminium lamellas with a negative longitudinal
joints between them — individual lamellas do not touch each
other. The vault cladding on the side surfaces is in the red-
dish-brown shade.

Puvodné byl cely tunel pro obratové koleje navrZen jako raze-
ny, avSak na zdkladé zjisténych skuteCnosti (nedostate¢né
soudrzného nadlozi) doslo oproti zaddvaci dokumentaci ke

NEMOCNICE MOTOL STATION AND ADJACENT NATM
RUNNING TUNNELS
Nemocnice Motol station (see Fig. 7) is the only cut-and-
. cover station on the new metro section V.A. It is 217m long
Foto/Photo Ing. Maridn Chotdr ~ . .
Obr. 7 Ndstupisté stanice Nemocnice Motol and the platform is at the depth of 5.6m under the terrain
Fig. 7 Nemocnice Motol station platform surface. It is the only station on the line V.A with two side
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zméné koncepce vystavby. Usek obratovych koleji byl rozdé-
len na razenou ¢ast v délce 217 m a hloubenou cast v délce
189 m. S ohledem na zménu zji§ténych geotechnickych para-
metru horninového masivu probéhla razba tunelu pro obrato-
vé koleje v délce 149 m pod ochranou mikropilotovych dest-
nika délky 12 m.

Vystavbou hloubené ¢dsti obratovych koleji doslo
k naruSeni prirozeného volného proudéni podzemni vody
a tim k vytvoreni prehrady, obdobné jako ve stanici Petfiny.
Pro obnoven{ puvodniho hydrogeologického reZimu byly ve
dné stavebni jamy provedeny prfi¢né drény o rozmérech
550x500 mm, opatfené dvéma drendZnimi trubkami DN
200 mm.

Béhem razby VZT S$toly bylo zastiZeno staré dalni dilo.
Jednalo se zfejmé o objekt vojenské nemocnice budované za
2. svétové vilky. Prekvapenim bylo to, Ze chodba starého dal-
niho dila byla razena v horizontu bridlic, ackoliv Urad pro
vyzkum piidy v Cechéch a na Moravé v &ele s Dr. Odolenem
Kodymem doporudil v f{jnu 1944 razbu v horizontu piskovcu.
Na zakladé provedenych pruzkumnych praci bylo zji$téno, Ze
realizovany rozsah starého dalniho dila je minimélni. Dodnes
zUstdvéa zdhadou, pro¢ v roce 1944 toto staré dulni dilo vyra-
zili pouze v objeveném rozsahu a v bridlicich.

Zajimavosti je nosny systém proskleného stfe$niho plaste
stanice tvofeny z 39 Zelezobetonovych prefabrikovanych
obloukovych nosnikd. Z duvodu nadmérného rozméru pro
prepravu se vét§ina nosnikd rozdélila na dva samostatné dily,
které byly na stavbé vzdjemné sepnuty a predepnuty sedmi
drdtovymi lany. Tvar nosniki vychdzi z geometrie stanice
a zdroven zohlednuje stoupajici svah na severni strané
a prilehlou ulici na jizni strané, tzn., Ze kazdy nosnik md jinou
délku a geometrii. Prufez nosniku prechdzi z tvaru T v misté
vetknuti na jedné strané do tvaru lichobéZniku s kloubovym
uloZzenim na strané druhé. Vyrobce se musel vyporadat
s milimetrovymi tolerancemi rozmért a vysokymi poZzadavky
na pohledovost povrchu.

Architektura stanice Nemocnice Motol

Poloha stanice vyuZiva terénniho sniZeni ve svahu naproti
FN Motol, ndstupi$té tak muze byt pfimo spojeno s vnéj$im
okolim a navazujici tratové tuseky pokracuji v podzemi.
Poloha ndstupiSt na drovni terénu a potfeba spojit stanici
s nemocnici bez kolize s frekventovanou Kukulovou ulici
vyustila v netradi¢ni umisténi vestibulu pod drovni ndstupiste,
kde nad hlavami cestujicich budou projizdét soupravy metra
po mosté. Na vestibul pfimo navazuje podchod smérujici
k nemocnici.

Stanice je vizudlné rozdélena na tfi ¢asti — na obou koncich
jsou vystupy, tvorené nizkymi objekty obloZzenymi modfino-
vymi profily, ploché stfechy jsou osdzeny suchomilnou zeleni.
Stfecha nad prostfedni ¢dsti — ndstupiStém — je prosklend
a CasteCné potisténa stinici grafikou, pred sklem jsou osazeny
venkovni Zaluziové lamely. Ve vrcholu proskleného oblouku
jsou otviravd okna slouzici k vétrani béhem léta, zaroven plni
funkci odvodu tepla a koufe pri pozaru.

Na vnitini povrchy stanice jsou pouZity tenkosténné kera-
mické obklady netradi¢niho rozméru 3x1 m v decentni béZo-
vé barve.

JEDNOKOLEJNE TRATOVE TUNELY EPBS

Jednokolejné tratové tunely o délce 4177 m byly raZeny
dvéma stroji s oznacenim S-609 ,,Tonda“ a S-610 ,,Adéla“,
presnéji dvéma zeminovymi $tity EPBS.

Tuel

platforms. A concourse is located under the platform level. It
will interconnect the platform with a fixed staircase, an esca-
lator and a lift. The concourse ending in the main building of
Nemocnice Motol hospital is connected to the pedestrian pas-
sage under Kukulova Street.

There are 406m long dead-end tail tracks behind the stati-
on, which are followed by the ventilation plant room structu-
re, the load-bearing structure of which counts with the con-
tingent extension of the metro Line A further towards the
west of Prague. Nemocnice Motol station is connected with
Vypich, where the shaft for the assembly of the TBMs was
located, via a 735m long double-track tunnel mined using the
NATM.

The construction of Nemocnice Motol station and
adjacent civil engineering structures

The entire tunnel for the dead-end tail tracks was original-
ly designed as a mined structure. However, based on findings
of some facts (insufficiently coherent sub-grade) the con-
struction concept contained in the tender documentation was
changed. The dead-end tail track section was divided into
a217m long mined part and an 189m long cut-and-cover part.
With respect to the change in the identified geotechnical
parameters of the ground mass, the 149m long tunnel for the
dead-end tail tracks was driven under the protection of 12m
long canopy tube pre-support.

The natural free flow of groundwater was disturbed by the
construction of the cut-and-cover part of the tunnel for dead-
end tail tracks; a dam was created similarly to the dam at
Petfiny station. Transverse drains 550x500mm containing
a pair of DN200mm tile pipes were created in the constructi-
on pit bottom for the purpose of the restoration of the origi-
nal hydrogeological regime.

An old mine working was encountered during the excava-
tion for the ventilation gallery. It was probably a structure of
the military hospital built during World War 2. It was surpri-
sing that the gallery of the old mine working was driven
through a shale horizon despite the fact that the
Administration for Soil Investigation in Bohemia and
Moravia, headed by Dr. Odolen Kodym, recommended in
October 1944 that the gallery should be driven through
a sandstone horizon. It was determined on the basis of survey
operations that the extent of the completed old mine working
was minimum. It remains to be a mystery why this old mine
working was driven in 1944 only to the discovered extent
and, in addition, through shale.

The load-bearing system of the glazed roof covering the
station is an interesting item. It consists of 39 reinforced
concrete pre-cast arched beams. The majority of the beams
was divided into two independent parts with respect to the
dimensions excessive for transportation. The parts were tied
together on site and were pre-stressed by seven steel wire
strands. The shape of the beams is based on the geometry of
the station and, at the same time, takes into account the rising
slope on the northern side and the adjacent street on the sout-
hern side. This means that each beam has got a different
length and geometry. The cross-section of the beams passes
from a T-shape at the fixing point on one side to a trapezoidal
shape with hinged restraint on the other side. The manufactu-
rer had to cope with millimetre dimensional tolerances and
high requirements for the architectural concrete finishes.

Nemocnice Motol station architecture

The location of the station takes advantage of the terrain
depression in the slope against Motol University Hospital.
Owing to this fact, the platform can be directly connected to
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Montdz kazdého Stitu v montdzni jamé na Vypichu trvala the surroundings; the linking track sections continue underg-

dva mésice. Pro manipulaci s jednotlivymi ¢astmi stroje, které round. The location of the platforms at the terrain level and
mély v nékterych pripadech hmotnost pres 60 t, byl pouzit the need for connecting the station with the hospital without
mobiln{ jefdb s nomindlni nosnosti 750 t. Pro dopravu vSech collision with busy Kukulova Street led to the untraditional
souldsti obou $titt i s pomocnymi technologiemi bylo zapo- location of the concourse under the platform level, where
tfebi pres 150 kamionu. metro trains will run on a bridge, above the heads of passen-
Délka stroje je 102 m a celkovd hmotnost bez provoznich gers. A pedestrian subway heading toward the hospital direct-
kapalin je 672 t. Stroj se sklddd z fezné hlavy o pruméru ly connects to the concourse.
6,08 m, motorové jednotky, ochranného Stitu a 7 vozika se The station is visually divided into three parts — there are
zafizenim potfebnym pro plynuly chod stroje. exits formed by low structures clad in larch profiles at both
K premisténi horniny od §titu na povrch bylo pouZito pres ends. Flat roofs are planted with xeric plants. The roof above
12 km pasového dopravniku. the central part — the platform — is glazed and partially cove-
Segmentové prefabrikované osténi je sloZzeno z 5+1 seg- red with shading graphics printed on the glass. External lou-
mentu. Na celou trasu bylo pouZito 32 400 kust segmentt ver blades are installed before the glazing. Opening windows
o celkové vaze 87 237 t. Segmenty byly vyrobeny z vodosta- used for the ventilation during summer and, at the same time,
vebného betonu a po obvodu osazeny profilovanou tésnici fulfilling the function of the evacuation of heat and smoke in
péskou. case of a fire, are installed at the top of the glazed arch.
Prstenec je svou geometrif vdlec, jehoZ podstavy nejsou rov- Thin-walled ceramic cladding with non-traditional dimen-
nobézné. Na jedné strané je diky tomu prstenec uz$i neZ na sions of 3x1m, in decent beige colour, are used for inner sur-
stran¢ protejsi. NatoCenim prstence podle jeho podélné osy faces of the station.

bylo tedy moZné smérovat tunel podle projektované osy.
Pro zaplnéni prostoru mezi vyrubem a vnéjsi plochou ostén{ SINGLE-TRACK RUNNING TUNNELS, EPB TBMS
se pouzila dvouslozkovd injektdzni smés, kterd se vyrdbéla The 4177m long running tunnels were driven by two Earth
v michacim centru na povrchu. Pomoci Cerpadel se potom Pressure Balance tunnel boring machines (TBMs), named S-
potrubim dopravovala aZ ke Stitu. Na obou strojich bylo pro- 609 ,., Tonda* and S-610 ,,Adéla*.
vedeno zdokonaleni sméSovace obou tekutych sloZek a tento The assembly of each TBM in the assembly pit in Vypich
ndpad byl patentovan. took 2 months. A mobile crane with the nominal lifting capa-
Razby $§titd z montdZni Sachty byly zahdjeny 12. 4. 2011 city of 750 tonnes was used for the handling of individual
(Tonda) a 14. 7. 2011 (Adéla). Stroje celkové absolvovaly 12 parts of the machines. Their weight exceeded 60 tonnes in
prorazek, z toho 6 do novych razenych stanic, 4 do otevienych some cases. The transport of all components of the two TBMs
stavebnich jam a 2 do stdvajici stanice Dejvickd, kde v pondéli and auxiliary technologies was carried out by over 150
26. listopadu 2012 slavnostné zakoncily razby. Nejlepsiho trucks.

dosazeného denniho vykonu, tj. 37 bm dosdhla ,,Adéla®, nej- The TBM is 102m long and the total weight without opera-
lepSiho mési¢niho vykonu zase pak ,,Tonda“, kdyZ v listopadu ting fluids amounts to 672 tonnes. The machine consists of
2011 vyrazil 625,5 m. a 6.08-diameter cutterhead, a motor unit, a protective shield

Projekt jednokolejnych tuneld raZzenych §tity byl rozdélen na and 7 cars carrying equipment needed for fluent running of
dve &asti. Prvni ¢dst je etapou mezi stavenisti BREI (ulice Na the TBM.

Vypichu) a E2 (ulice Evropskd). Vystavba tseku dlouhého cca An over 12km long belt conveyor transported the muck
1,8 km v&etné pritaht stroju stanicemi trvala téméf na den from the shield to the ground surface.
presné 1 rok. One pre-cast segmental lining ring consists of 5+1 seg-

Druhé Cast raZeb spoclivala ve vystavbé tratovych tuneld ments. The entire route required 32,400 segments at the total

mezi zafizenim staveni$té E2 a stanici Dejvickd. Mezi témito weight of 87,237 tonnes. The segments were manufactured
razbami musela byt prestéhovana logistika ze stavenist¢ BRE1 from water-retaining concrete. They are fitted with profiled
na staveni§té E2 (obr. 8). Pricemz 80 % konstrukef sealing gaskets around the perimeter.
a technologii z BRE1 bylo znovu pouZito na E2. Pro presun The geometry of the ring is cylindrical; the bases of the
a opétovnou montdz byla vytvorena specidlni skupina pracov- cylinder are not parallel. Owing to this fact, the ring is narro-
niku. Tonda byl v prabéhu premisténi logistiky protahovén sta- wer on one side than on the opposite side. It was therefore
nici Bofislavka. Pro pfesunuti vice nez 500 tun materidlu mezi possible to change the tunnel driving direction to maintain
BRE1 a E2 bylo pouZito na 600 jefdbnickych hodin a 5 ruz- the designed axis by rotating the ring around its longitudinal
nych typu jerdbu. axis.

Razby stanic i tratovych tuneld probihaly soulasné. A two-component grouting mixture, which was produced in
Tunelovaci stroje razily pouze mezistani¢ni dseky a stanicemi a mixing centre at the surface, was used for backfilling the
a stavebnimi jdmami byly protahovany. Kazdy prutah byl space between the surface of the excavated opening and the
nestandardni a prizpusoboval se konkrétnim podminkdm sta- outer surface of the lining. The grouting mix was subsequ-
nice. Pritahy byly postupné zdokonalovény a stdvaly se rych- ently transported underground up to the shield by means of
lejsimi a efektivnéjS$imi. Posun stroje byl béhem razby reali- pumps and a pipeline. The improvement of the mixer of both
zovén pomoci tlaénych lisa, které se opiraly vzdy o posledni liquid components was carried out on both TBMs and this
zabudovany prstenec. Ve stanici v8ak prstence stavény neby- | idea was patented.
ly, a stroj se proto musel odraZet od provizornich rami, které The TBM drives starting from the assembly shaft commen-
se oprely do koleji instalovanych v kolibkéch. Po odrazu stro- | ced on the 12th april 2011 (Tonda) and the 14t July 2011
je do vzddlenosti 2 metrd se rdm posunul a cely proces se opa- | (Adéla). The machines passed through the total of 12 breakt-
koval. Zivés byl pasivné taZen po kolejich, které se zprvu | hroughs, 6 of them into new mined stations, 4 into open con-
kladly do provizorniho dna tvofeného klasickymi tunelovymi | struction pits and 2 into the existing station, Dejvickd, where
segmenty. Pozdéji se misto segmentu zadaly pouZivat ocelové they ceremonially ended the drives on Monday, the 26th
konstrukce, které se ukdzaly jako mnohem vyhodné&jsi fesent, November 2012. The highest daily advance rate was achieved
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Foto/Photo Jan Tatar
Obr. 8 Jama E2 po presunu logistiky zeminovych Stitu
Fig. 8 E2 construction pit after moving the logistics

nebot se mohly pouzit opakované a jejich pokladka byla mno-
hem snazsi.
Propojky mezi tratovymi tunely

Mezi jednokolejnymi tratovymi tunely jsou na celém
novém useku metra V.A po zhruba 200 m rozmistény vzdu-
chotechnické propojky (obr. 9). Tyto objekty maji za tkol sni-
Zovat pistovy d¢inek od jedoucich vlaku a v pfipadé havdrie
nebo pozaru slouzi k evakuaci osob a nastupu zachrannych
jednotek.

Mista pro vyraZeni propojek byla upfesnéna podle polohy
a skladby segmentového osténi. Pfed zapoCetim vystavby pro-
pojky se do obou tratovych tunell nainstalovala ocelovd roz-
pérné konstrukce, kterd zamezila posunu dilci montovaného
osténi tratovych tunelt béhem realizace propojky. Nejprve byl
v segmentovém osténi vyfezdn otvor 4500x3000 mm. Razba
propojky byla provddéna podle zdsad NRTM a probihala ve
trech fdzich: nejprve byla provedena razba kaloty, nasledovalo
preraZeni navySujiciho se profilu na zacdtku kaloty a nakonec
byla provedena razba dna propojky.

Vsechny propojky v tratovém useku Bofislavka — Dejvickd
byly razeny v nestabilnim horninovém prostiedi, které bylo
pro vlastni razbu vzhledem k poloze pod ul. Evropskd velmi
rizikové. Z tohoto duvodu se v predstihu pomoci tryskové
a chemické injektdZe zpevnilo okolni prostfedi. V tratovém
tseku Borislavka — Dejvickd bylo puvodné napldnovdno osm
propojek, jedna vSak byla z vySe uvedenych divoda presunu-
ta do sdruzeného objektu E1, ktery slouzil mimo jiné i pro
vytaZeni demontovanych §tita.

TuoufHel

by “Adéla”, whilst the highest monthly advance rate was
achieved by “Tonda”, which excavated 625.5m of the tunnel
in November 2011.

The design for the single-track running tunnels was divided
into two parts. The first part covers the section between
BREI1 construction site (Na Vypichu Street) and E2 construc-
tion site (Evropskd Street). The construction of the 1.8km
long section, including the time consumed for pulling the
TBMs through stations, took almost exactly 1 year.

The other part of the drives lied in the construction of run-
ning tunnels between the E2 construction site and Dejvicka
station. The logistics had to be moved from BREI1 construc-
tion site to E2 construction site when the first part was finis-
hed (see Fig. 8). In doing so, 80% of structures and equip-
ment from BRElwere reused at E2 construction site.
A special group of workers was established for moving and
repeated assembling. During the logistics moving operation,
“Tonda” was being pulled through Borislavka station. About
600 crane operation hours and 5 various types of cranes
were used for moving over 500 tonnes of material from
BREI to E2.

The station tunnels and running tunnels were driven simul-
taneously. The TBMs drove the interstation sections and
were only pulled through stations and construction pits.
Each case of pulling was non-standard and was accommoda-
ted to specific conditions of the particular station. The pro-
cess of pulling the TBMs through stations was gradually
refined and became faster and more efficient. The TBM was
shifted during the work by thrust jacks acting against the last
installed ring. However, since no rings were built in the sta-
tion, the machine had to be pushed from temporary frames
leaning against rails installed in cradles. After pushing the
machine 2 metres ahead, the frame was shifted and the enti-
re process was repeated. The trailing gear was passively pul-
led along a track, which was in the beginning installed on
a temporary bottom formed by classical tunnel lining seg-
ments. The steel structures which started to be used later
proved themselves to be much more advantageous because
of the fact that they could be used repeatedly and their pla-
cement was much easier.

Cross passages between running tunnels

Ventilation cross passages are distributed between the sing-
le-track running tunnels throughout the new metro section
length, at intervals of about 200m (see Fig. 9). The task of
these structures is to reduce the piston effect from running
trains and, in the case of an accident or a fire, to allow for the
evacuation of persons and for the entry of rescue units.

The points where the cross passages were to be driven were
specified depending on the position and configuration of seg-
mental lining blocks. Steel bracing structures were installed
in both tunnel tubes before the commencement of the con-
struction work. They were designed to prevent the segments
lining the running tunnels from shifting during the course of
the realisation of the cross passage. First of all,
a 4,500x300mm opening was cut through the segmental
lining. The cross passage was driven using the NATM. It pro-
ceeded in three phases: the top heading was excavated first;
the increasing height of the profile at the beginning of the top
heading excavation was finished subsequently; the cross pas-
sage bottom was excavated in the end.

All cross passages within the Bofislavka — Dejvicka station
section were driven through an instable ground environment,
which was very risky for the excavation itself with respect to
the location under Evropskd Street. For that reason the sur-
rounding environment was consolidated in advance by jet
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Obr. 9 Razba vzduchotechnické propojky mezi tratbvymi tunely na iiseku

Dejvickd—Borislavka
Fig. 9 Driving ventilation cross passages between running tunnels in the
Dejvickd—Borislavka section

Liniové objekty

Po dokonceni raZeb a definitivniho ostén{ tratovych tunela nésledo-
vala fze vystavby, pii které byly v tratovych tunelech provedeny ves-
keré konstrukce nutné k osazeni kolejového svrsku a technologického
zabezpeceni metra.

V rdmci této faze byly v tratovych tunelech realizovany kolejové
betony, kolejovy svrsek, kabelové konstrukce, osvétleni tratovych
tunelt a tunelovy vodovod. Vystavba téchto objektu trasy byla velmi
koordinaén¢ a Casové ndro¢nd, protoZze musela byt realizovdna
v soubéhu s jiz probihajici vystavbou vnitrnich konstrukef stanic.

Ve dné kruhovych tratovych tuneld vybudovanych pomoci Stitu
bylo nutné nejdiive vybetonovat rovny podklad, na ktery byly ndsled-
ne betonovany kolejové betony. V zdvislosti na typu antivibraéniho
zatizeni kolejového svrsku je podklad umistén 600 nebo 800 mm pod
temenem kolejnice. Pro dopravu betonu v tratovém dseku Borislavka
— Dejvicka byly z ul. Evropskd provedeny Ctyfi zasobovaci vrty do
vzduchotechnickych propojek.

V mistech, kde by provoz metra hlukem mohl ovliviiovat okolni
zéstavbu, byly tratové tunely opatfeny antivibraénim zarizenim, které
muZe mit podle miry ovlivnéni aZ tfi stupné: upevnéni kolejnice, pod-
kladnicové desky pod kolejnicemi a antivibraéni rohoZe umisténé
okolo podélnych pasu kolejovych betond.

MontdZ koleje byla provadéna ze 100 m kolejnicovych past, které
se svarovaly z 25 m dlouhych kolejnic na provizornim rostu pfimo na
stavbé v zavdZecim otvoru na stavenisti KU1 v Motole.

TECHNOLOGIE

Usek metra V.A md nové zifzeny dva nezavislé piivody elektrické
energie z rozvoden 110/22 kV do stanic Dejvickd a Nemocnice Motol.
Napdjeni trakce 750 V stejnosmérného napéti zajistuje pét novych
trak¢énich méniren, které jsou umistény do &tyf novych stanic a do
vzduchotechnického objektu E1 (Kanadska).

Oproti stdvajicim stanicim bylo zvySeno zabezpeCeni objektu,
zejména proti nezadoucimu vniku osob do tunelu a navazujicich ¢asti.

Stanice jsou navrhovdny podle novych norem a smérnic
Dopravniho podniku hl. m. Prahy, coZ md za nasledek modernéjsi
technologickd vybaveni, zvySenou bezpecnost cestujicich a to zejmé-
na pri pozdru.

Montdz technologii byla zahdjena k 1. 8. 2013 ve stanici Nemocnice
Motol preddnim stavebni pripravenosti (STP) pro ménirnu a distribu¢n{
trafo (MDT). Ndsledné k 1. 9. 2013 byly pfeddny prostory ve stanici
Petfiny a k 1. 10. 2013 ve stanici NadraZi Veleslavin. Nakonec vlivem
zpoZdéni razby stanice Bofislavka 0 200 dni se predala nejdulezitéjs{
STP pro MDT se 120dennim zpozdénim, tj. 1. 12. 2013.
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grouting and chemical grouting. Eight cross passages were ori-
ginally planned for the Bofislavka — Dejvicka track section; howe-
ver, for the above-mentioned reasons, one of them was shifted to the
construction pit for the E1 multi-purpose structure, used, among
other purposes, for lifting the dismantled TBMs to the surface.
Linear structures

After the completion of the excavation and the final lining of
running tunnels, the civil engineering construction phase followed.
During this phase, all structures required for the installation of
trackwork and the interlocking system were carried out in the run-
ning tunnels.

Trackbed concrete, trackwork, cable structures, the lighting of
running tunnels and water mains were carried out in the running
tunnels during this phase. The construction of these structures was
very demanding in terms of the coordination and time consumpti-
on because of the fact that it had to be realised concurrently with
the already proceeding work on inner structures of the stations.

It was first of all necessary to cast concrete on the bottom of the
TBM-driven circular running tunnels to form a flat base. Trackbed
concrete was subsequently cast on the base. The bed is found 600mm
or 800mm under the top of rail, depending on the type of the anti-
vibration system. Four supply boreholes ending in the ventilation
cross passages were carried out in Evropskd Street for the purpose of
supplying concrete in the Borislavka — Dejvicka track section.

In the locations where the metro operation could disturb the buil-
dings existing in the vicinity by noise, the running tunnels were
provided with an anti-vibration system, which could have up to
three stages, depending on the degree of influence: fastening of
rails, base plates under rails and anti-vibration mats installed along
the longitudinal trackbed concrete plinths.

The rails were placed using 100m long stretches of rails, which
were welded from 25m long rails on a temporary grid directly on
site, in the opening used for supplying materials at the KU1 con-
struction site in Motol.

TECHNOLOGY

Two newly installed independent power supply lines from
110/22kV substations leading to Dejvickd and Nemocnice Motol
stations were laid for the metro section V.A. The 750kV DC tracti-
on power supply is provided by five new traction substations,
which are installed in four new metro stations and the E1 ventilati-
on structure (Kanadska Street).

In comparison with the existing stations. the protection of struc-
tures was improved, first of all the prevention against undesired
entry of persons to tunnels and adjacent parts.

The stations are designed in compliance with new standards and
directives issued by the Prague Public Transit Company Inc. This
system has resulted into more modern technological equipment
and improved safety of passengers, first of all during a fire.

The installation of technological equipment started in
Nemocnice Motol station on the 15t August 2013 by handing the
completed civil works required for the installation of equipment in
the substation and distribution transformer station (DTS) over to
the contractor for technology. The spaces in Petfiny station and
NadraZzi Veleslavin station were handed over subsequently, on the
1st September 2013 and the 1St of October 2013, respectively.
Eventually, due to a 200-day delay in the excavation for Borislavka
station, the most important hand-over of the DTS took place with
a 120-day delay, i.e. on the 15t December 2013.

After bringing the new metro section into service, a pilot project
will be implemented covering not only stations but also running
tunnels of the metro line V.A with signals of mobile operators.
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Foto/Photo Ing. JiFi Junek, CSc.
Obr. 10 Vlakovd souprava v obratovém tunelu za stanici Nemocnice Motol

Fig. 10 Metro train in the tunnel for dead-end tail tracks behind Nemocnice
Motol station

Po otevieni nového tseku metra bude realizovéan pilotni projekt
pokryti signilem mobilnich operdtord nejen ve stanicich, ale
iv tunelech trasy V.A.

ZAVEREM...

Od ledna 2015 se dokon&ovalo odstranovéani vad a nedodélku evi-
dovanych v prejimacim fizeni s investorem a vlivem priznivého poca-
si se v predstihu provedly terénni ipravy a napojeni vystupt na stéva-
jici chodniky a komunikace.

V tnoru a prvni poloviné bfezna se konalo kolauda¢ni fizen{
s Magistratem hl. m. Prahy.

Prvni vlakovd souprava vyjela na novy usek trasy A v noci
10.2.2015 (obr. 10 a 11).

Ve dnech od 16. 3. do 31. 3. 2015 probihal na novém udseku metra
A ovéfovaci provoz. Nésledné se provadél generdlni tklid na celé
trase pred jejim otevienim. Slavnostni zahdjeni provozu s cestujicimi
probéhlo na Velikono¢ni pondéli 6. dubna 2015 ve stanici Nadrazi
Veleslavin.

Podle vedouciho odboru investic Dopravniho podniku Ing. Lukase
Krumla se v roce 2008 predpoklddaly ndklady na vystavbu Metra V.A
18,7 mld. K¢&. Po zapotiténi puvodné predpoklddané inflace se méla
celkovd cena vySplhat na 21,2 mld. K¢. Inflace naplnéna nebyla, ale
projekt dostdl mnoha zmeén. V roce 2012 byla na zdkladeé predikce
dopadu nastalych zmén do ceny stanovena maximalni cena dila na
22,5 mld. K&, coz byla puvodni cena navySena o odhady dodavatela
a rezervu. Ing. Lukd§ Kruml uvedl, Ze rezerva 2,3 mld. K¢ nebude
vyCerpdna a celkova cena dila nepresdhne 20 mld. K&, z ¢ehoZ finang-
ni dotace z EU je cca 8 mld. K¢.

Ing. ANNA S VOBOQOVA, anna.svobodova@metrostav.cz,
Ing. JIRI JUNEK, CSc., junek@metrostay.cz,

Ing. MIROSLAYV FILIP, miroslav filip@metrostav.cz,
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Obr. 11 Prujezd vlakovou soupravu dvoukolejnym tunelem mezi Vypichem
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Fig. 11 The passage of a metro train through the double-track tunnel betwe-
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TO CONCLUDE ...

Snagging works required during the hand-over proceedings with
the project owner were carried out from January 2015; owing to the
favourable weather, terrain finishes and connections of exits to
existing pavements and roads were carried out in an advance.

The final inspection proceedings with the Prague City Hall took
place in February and the first half of March.

The first train set out on the new metro section A at night on the
10th February 2015 (see Figures 10 and 11).

The trial operation of the metro system took place on the new sec-
tion from 16/03/2015 through to 31/03/2015. General cleaning of the
entire line before the inauguration was carried out subsequently. The
ceremonial bringing of the line into passenger service took place in
Nadrazi Veleslavin station on the Easter Monday, the 6 April 2015.

According to Ing. Lukds Kruml, the head of the Department of
Investment of the Prague Public Transit Company Inc., the cost of
the Metro V.A construction was assumed to be CZK 18.7 billion.
After the inclusion of the originally assumed inflation, the total
cost was to rise to CZK 21.2 billion. The inflation assumption was
not reached, but the project underwent many changes. In 2012, the
maximum cost of the works was set at CZK 22.5 billion on the
basis of the prediction of the impacts of the changes on the cost. It
consisted of the original cost increased by estimates of contractors
and a reserve added to it. Ing. Luka§ Kruml stated that the reserve
of CZK 2.3 billion would not be depleted and the total cost of the
works would not exceed CZK 20 billion, with the financial subsi-
dy from the EU amounting to ca CZK 8 billion included in it.
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TUNELOVY KOMPLEX BLANKA - SOUHRN STAVEBNICH PRACI
BLANKA COMPLEX OF TUNNELS - CONSTRUCTION WORK OVERVIEW

JIR[ VALES, STANISLAV FALHAR, EVA KURKOVA

ABSTRAKT

Tunelovy komplex Blanka je soucdsti severozdpadni &dsti mestského okruhu. PrevdZnou &dst této vyjimecné stavby realizuje jako gene-
rdlni dodavatel stavebni &dsti Metrostav a.s. Cldnek uddvd prehled priibéhu vystavby jednotlivych podzemnich &dsti stavby a konstruk-
ci podzemnich gardZi. V textu jsou shrnuté vyznamné casové udaje z postupu realizace stavebni &dsti. Ddle prispévek obsahuje délky
tuneli jednotlivych Cdsti staveb a hlavni objemy vykonanych praci, tj. objem vytéZené horniny a zeminy, zabudovaného konstrukéniho
betonu, hmotnost zabudované vyztuze, plochu hydroizolaci a objem podzemnich stén. Soucdsti prispévku je zdkladni popis a déleni celé
stavby. Zdverem je popsdno poufiti zajimavych technologii, kde jsou uvedené poznatky a doporuceni, které je mozné vyuZit pro pripad-

nou realizaci podobnych stavebnich konstrukct.

ABSTRACT

The Blanka complex of tunnels is part of the north-western section of the City Circle Road (the inner circle). The major part of this
exceptional underground structure is being realised by Metrostav a.s. in the position of the general contractor. The paper presents an
overview of the process of the construction of individual underground parts of the project and the structures of underground parking
garages. Important time data from the process of the realisation of the civil engineering part is summed up in the text. In addition, the
paper contains the information on the lengths of individual tunnel parts and the main volumes of the completed work, i.e. the volume of
excavated rock and soil, the concrete incorporated into the structures, the weight of concrete reinforcement steel, the area of waterpro-
ofing membranes and the volume of diaphragm walls. The basic description and division of the entire project is also part of the paper.
The use of interesting technologies is described in the conclusion, where the authors present their knowledge and recommendations
applicable to the contingent realisation of similar civil engineering structures.

ovop

Tunelovy komplex Blanka je soucdsti mestského okruhu Prahy
(obr. 1). Cést v doddvce Metrostav a.s. navazuje na budouvanou
stavbu €. 0065 - Strahovsky automobilovy tunel stavba 2A a 2B,
ktera je realizovana jinym dodavatelem, ale je rovnéz jeho sou-
¢asti. Jednd se o jednu z nejndro¢néjsi podzemnich staveb reali-
zovanou v méstském prostiedi ve stiedni Evropé. V prubéhu rea-
lizace bylo nutno ve spoluprdci s investorem zajistit velké mnoz-
stvi podminek, aby stavba plynule pokracovala. Bylo nutno
vydat nespocet stavebnich povoleni, dohodnout dopravni reZimy
po celé trase stavby vCetné projednani dopravnich cest pro odvoz

A . 1

Obr. 1 Celkovy pohled na tunelovy komplex Blanka (Cdsti v doddvce Metrostay a.s.)
Fig. 1 Overall view of Blanka complex of tunnels (parts in supply of Metrostay a.s.)

INTRODUCTION

The Blanka complex tunnel is part of the Prague City Circle
Road (the inner circle) (see Fig. 1). The part which contractor
is Metrostav a.s. links to the tunnel structure registration num-
ber 0065 2A and 2B which is realised by another contractor
but it is the part of the tunnel complex, too. It is one of the
most complicated underground construction projects realised
in the urban environment in Central Europe. It was necessary
to ensure during the course of the realisation, in collaboration
with the project owner, that lots of conditions were met so that
the works could fluently continue. It was necessary to issue
countless construction per-
missions, to have traffic regi-
mes throughout the construc-
tion route length approved,
including approvals for tran-
sport routes for the removal
of excavated ground and
muck at the total volume of
2.6 million m3 (natural
ground volume).

BASIC DESCRIPTION
AND DIVISION OF THE
PROJECT

Various structures worth
reminding were carried out
during the course of the im-
plementation of the Blanka
complex of tunnels project.
The tunnels can be divided
into three basic types: tunne-
Is driven using the NATM,

archiv | archives Satra spol. r. o.
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Obr. 2 Stavebni jama Troja — rok 2007
Fig. 2 Troja construction pit — 2007

vykopu a rubaniny s celkovym mnoZstvim 2,6 mil. m? (rostly
stav).

ZAKLADNI POPIS A DELENI STAVBY

Pri vystavbé tunelového komplexu Blanka byly provadény
ruzné konstrukce, které stoji za pripomenuti. Tunely 1ze rozdé-
lit na tfi zdkladni typy: tunely razené pomoci NRTM, hloubené
tunely budované v oteviené zajisténé stavebni jamé a hloubené
tunely realizované pomoci podzemnich stén s celnim od-
tézovanim pod predem vybetonovanou a zasypanou stropni
deskou.

Stavebni jama Troja - stavba 0079

Na staveniSti Troja byla v roce 2007 provedena stavebni
jdma, pres kterou az do roku 2011 probihaly razby a nasledné
do konce roku 2012 definitivni ostén{ raZenych tunelu. Jdma
hloubky 20,3 m se nachdzi v té€sné blizkosti Vltavy se dnem
14,4 m pod jeji hladinou. Z tohoto davodu byla jama zajisté-
na Zelezobetonovymi podzemnimi sténami, které byly v horn{
drovni souddsti protipovodnovych ochrannych vala (obr. 2).
Razené tunely - stavba 0079

Pri vystavbé razenych &dsti stavby 0079 stoji za pripome-
nuti soubor vzduchotechnickych objektu (strojovna, kandly,
Sachty), které tvori komplex zajiStujici provozni a pozéarni
vétrani prilehlé &dsti tunelu.

Strojovna vzduchotechniky s plochou vyrubu cca 300 m?
patfi ur¢ité k odvaznému tunelovému nédvrhu. Vystavba toho-
to razeného objektu pres uréité provozni problémy prob&hla
v predpoklddaném reZimu. Pozornost si zaslouZi pruniky
a kiiZeni vzduchotechnickych kandlu s tfipruhovymi tunely.
Jsou to mimorddné zdafilé technické ndvrhy potvrzené reali-
zaci (obr. 3).

Pfi razbdch na ¢asti stavby 0079 v oblasti Letné se véno-
vala velkd pozornost problematice nadzemni zastavby dotce-
né razbami dopravnich a vzduchotechnickych tunela. Tato
¢innost byla zahdjena v roce 2007 a ukoncena v roce 2014.
Bylo monitorovdno cca 150 objektu, dpravy byly provedeny
na zhruba 100 objektech. Tato zdlouhava ¢innost zdvisela na
vzajemné spolupréci nékolika subjektli (projektant, manda-
tar, vlastnik objektu, zhotovitel pruzkumnych a sana¢nich
praci a prisluSny stavebni urad). Lze konstatovat, Ze béhem
razby nedoslo k zdsadnimu poruseni dotéenych objektu, pred-
poklddané poklesy prognézované projektantem nebyly dosa-
Zeny. Souldsti zajisténi objektu byly pristfeSky na chodnicich,

TuoufHel

cut-and-cover tunnels built in braced construction trenches
and cover-and-cut tunnels (diaphragm walls, roof decks car-
ried out on them and backfilled in advance of the excavation
and excavation under the roof deck).

Troja construction pit = construction lot 0079

A construction pit was carried out in the Troja construction
site in 2007, through which the excavation operations passed
through until 2011 and, subsequently, the final lining of tun-
nels were constructed until the end of 2012. The 20.3m deep
pit is located in the close vicinity of the Vltava River; its bot-
tom is at the depth of 14.4m under the river surface. For that
reason the pit was braced by reinforced concrete diaphragm
walls. The upper parts of the walls became parts of flood pro-
tection dams (see Fig. 2).

Mined tunnels - construction lot 0079

The set of ventilation structures (a ventilation plant cavern,
galleries, a shaft) forming a complex securing the operating
ventilation and fire ventilation of adjacent parts of the tunne-
Is are worth reminding when the mined parts of construction
lot 0079 are being mentioned.

The ventilation plant cavern with the excavated cross-secti-
onal area of ca 300m? is certainly one of the parts of the bold
tunnel design. Despite certain operating problems, the con-
struction of this mined structure was carried out following the
assumed regime. The intersections and crossings of ventilati-
on galleries with the three-lane tunnels deserve attention.
Technical proposals for them are exceptionally successful and
the success was confirmed by the realisation (see Fig. 3).

When the underground excavation was being carried out in
the Letnd area of construction lot 0079, great attention was
paid to the problems of existing buildings affected by driving
the transport-related and ventilation tunnels. This activity
commenced in 2007 and was finished in 2014. About 150
building structures were subjected to monitoring and some
modifications were carried out in 100 of them. This lengthy
operation depended on the collaboration of several subjects
(the designer, the mandatary, the building owner, the survey
and rehabilitation contractor and the respective building aut-
hority). It is possible to state that no critical damage was cau-
sed to any of the affected buildings; the expected settlement
values predicted by the designer were not reached. Sheds
covering the pavements and protecting pedestrian traffic were
parts of the system securing the buildings. The greatest repa-
irs were carried out in the buildings the technical condition of
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Obr. 3 Definitivni osténi vzduchotechnického kandlu s pohledem na STT -

rok 2011
Fig. 3 Final lining of the ventilation duct with a view of the NTT — 2011




Obr. 4 Staveni jama Letnd — rok 2009
Fig. 4 Letnd construction pit — 2009

které slouZily jako ochrana pésiho provozu v prubéhu vystav-
by tunelu. Nejvétsi opravy byly provadény na objektech,
u kterych nebyl uspokojivy technicky stav uz pred zahajenim
razi¢skych praci. Velkd pozornost byla vénovdna stavu
a opravdm kominovych pruducht jednotlivych objektu
z obavy vzniku moznych trhlin ve zdénych kominech.
Stavebni jama Letna - stavba 0079

Dal$im vyznamnym staveni§tém v ramci tunelového kom-
plexu Blanka je stavebni jdma Letnd. Je to nejvétsi stavebni
jdma na trase tunelu s vykopem 447 tisic m3. Jednd se zfejmé
0 nejvetsi stavebni jamu na dzemi hlavniho mésta Prahy v jeji
historii.

Z této jamy probihala vystavba obou typu hloubenych tune-
14, uskute¢nila se zde ddle vystavba vjezdovych a vyjezdo-
vych ramp a protirazba tifpruhovych tunelu. U portdlové
stény mezi tubusy tunelu se nachdzi technologické centrum
TGC3.

Po dokonceni hloubenych tuneli probéhla vystavba nos-
nych konstrukci podzemnich garazi s 863 parkovacimi misty.
Pii vystavbé hloubenych tunelu v oblasti Letné a Hrad¢anské
bylo nutné respektovat podminky dopravy v této oblasti defi-
nované dotéenymi organy meésta. Kolem stavenisté¢ byla
vybudovana provizorni objizdna komunikace pro automobi-
lovy provoz (obr. 4).

Stavebni jama Hradganska - stavba 0080

Na stavbu 0079 navazuje v kiizovatce Spejchar stavba 0080
Hrad¢anskd, kterd konli v kfiZzovatce Prasny most. Trasa
tunelu kopiruje komunikaci ulice Milady Horakové.

Pred samotnou realizaci stavebni jdimy byla zfizena néhrad-
ni objizdnd komunikace pres ulici Na Valech. Tramvajova
doprava byla v nékterych fazich vystavby dplné vyloucena.
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which was unsatisfactory already before the commencement
of the tunnelling operations. Great attention was paid to the
condition and repairs of chimney flues in individual buildings
because of fears of the development of potential cracks in
masonry chimneys.

Letna construction pit — construction lot 0079

Another construction site important in terms of the Blanka com-
plex of tunnels is the Letnd construction pit. With the excavated
volume of 447 thousand m?, it is the largest construction pit on the
tunnel route. It is probably the largest construction pit in the area
of the capital city of Prague in its history.

Both the cut-and-cover and cover-and-cut tunnels were con-
structed from this pit. The construction of both the entrance and
exit ramps was carried out in this pit and the triple-lane tunnels
were driven from it. Technological centre TGC3 is located at the
portal wall, between the tunnel tubes.

When the cut-and-cover tunnels had been completed, the struc-
ture of an underground parking garages with 863 parking spaces
was built in the pit. It was necessary during the course of the con-
struction of cut-and-cover and cover-and-cut tunnels in the area of
Letna and Hrad¢anska Street to respect the conditions of traffic in
this area, which were defined by the affected municipal authoriti-
es. A temporary road for automobiles bypassing the construction
site had to be carried out (see Fig. 4).

Hrad6anska construction pit — construction lot 0080

Construction lot 0080, which ends at the Prasny Most intersec-
tion, is connected to construction lot 0079 at the gpejchar inter-
section. The tunnel route copies Milady Hordkové Street.

A substitute bypass road along Na Valech Street was established
prior to the excavation of the construction pit. Tramway traffic
was completely excluded during some construction phases.
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Stavebni jama byla zajisténa po troven budouciho stropu
tuneli pomoci kotvenych zdporovych stén. Stény tunelu byly
provedeny z podzemnich Zelezobetonovych stén, na kterych
byl vybetonovén strop tuneld. Po dokonceni stropu tunela
byla stavebni jdma zasypdna, dokonceny definitivni povrchy
a obnovena doprava.

Nasledné probihaly prace na ¢elnim odtéZovani zeminy pod
definitivnim stropem a provadéni rozpérné zdkladové desky
tunela.

Soucasti stavby je i vjezdova a vyjezdova rampa u kfizo-
vatky Prasny most.

V misté ulice Pod kaStany je kfiZeni tunelu s trasou a ves-
tibulem metra. V rdmci vystavby hloubenych tuneld musela
byt ubourdna ¢4st vestibulu metra. Po dokonceni tunelu byl
vestibul obnoven v&etné nového podchodu pod Zelezniéni
trati (obr. 5).

Stavebni jama Prashy most - stavba 9515

Jama Prasny most se nachazela v mist¢ vyznamného do-
pravniho uzlu ulic Milady Hordkové a Svatovitska. V prubéhu
realizace tunelt musela byt nékolikrat premisténa tramvajova
trat’a provedeny provizorni komunikace.

Pred zapocetim vykopovych praci byly provedeny prelozky
inzenyrskych siti. V predstihu doSlo k zahdjeni realizace
nového mostu na ulici Svatovitskd nad Zelezni¢ni trati. Doslo
k rozsifen{ a prodlouZzeni mostu z divodu planované realizace
rychlodrahy Praha — Kladno. Na technické reSeni mostu byly
kladeny vysoké pozadavky pamatkové péce.

Soucastné s vykopovymi pracemi byl provadén zdchranny
archeologicky pruzkum. V &4sti jamy Pras§ny most bylo nale-
zeno pohrebisté z 9. a 10. stoleti s priblizn¢ 100 hroby. Hroby
byly zdokumentovany a premistény. Po dobu archeologického
vyzkumu byly preruSeny prace v Cdsti jamy.

Stavebni jama byla zaji$téna na zdpadni strané¢ v misté por-
tdlu kotvenou pilotovou sténou a po strandch tunelu zaporo-
vymi sténami.

Z davodu nepriznivé geologie na raZzenych Castech tuneld
bylo rozhodnuto o zahloubeni tunelovych tubust o cca 6 m.
Tento posun tuneli mél pfimy dopad do stavebnich jam
Myslbekova, PraSny most a na stavbu 0080.

Ve stavebni jamé byly realizované po castech hloubené
tunely a byla zde provddéna protirazba na STT. V misté ramp

Obr. 6 Jama Prasny most — rok 2011
Fig. 6 Prasny Most construction pit — 2011
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Obr. 5 Hloubené tunely Hrad¢anskd — rok 2009
Fig. 5 Hradc¢anskd cover-and-cut tunnels — 2009

The construction pit was braced with anchored soldier beam and
lagging walls up to the level of the future roof deck of the tunnel.
The concrete roofs of the tunnels were cast on the reinforced conc-
rete diaphragm walls forming the tunnel walls. When the tunnel
roof decks had been finished, the construction pit was backfilled,
the final terrain finishes were completed and traffic was reinstated.

The excavation under the final roof deck and the construction of
the bracing foundation slab of the tunnels followed.

The entrance and exit ramps at the Prasny Most intersection are
also parts of the construction lot.

In the location of Pod kasStany Street, the tunnel crosses with the
metro route and a metro concourse. Part of the metro concourse
had to be demolished within the framework of the construction of
the cover-and-cut tunnels. After the completion of the tunnel, the
concourse was renewed, including a new pedestrian subway under
the existing rail track (see Fig. 5).

Prasny most construction pit — construction lot 9515

The Prasny Most construction pit was found in the location of
an important traffic node formed by Milady Hordkové and
Svatovitskd Streets. The tramway track had to be several times
relocated and temporary roads had to be provided several times
during the course of the work on the tunnels.

Utility networks were relocated before the excavation commenced.
The construction of a new bridge over the rail track at Svatovitskd
Street started in advance. The bridge width and length were extended
with respect to the planned realisation of the Prague — Kladno express
rail link. The technical solution to the bridge had to cope with high
requirements of the Care of Historical Monuments.
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Obr. 7 Jama Pra$ny most — protirazba STT (Brusnice) — rok 2011
Fig. 7 Prasny Most construction pit — NTT counter-heading (Brusnice) — 2011




Obr. 8 Jama Myslbekova — rok 2011
Fig. 8 Myslbekova construction pit — 2011

je mezi tunely zfizeno technologické centrum TGC2. Nad roz-
pletem tunelu jsou provedeny tfipodlazni podzemni gardze
Pra$ny most. Projektovana kapacita gardZi je asi 298 mist. Do
gardzi je vjezd a vyjezd po spirdlovité rampé z ulice Milady
Horédkové (obr. 6 a 7).

RaZené tunely - stavba 9515

Razeny tsek na stavbé 9515 je ohraniCen stavebni jamou
Prasny most a stavebni jamou Myslbekova. Jednd se o dva
tiipruhové tunely, které byly razeny pomoci Nové rakouské
tunelovaci metody. Na zakladé dodate¢ného geologického
pruzkumu bylo nutno v rdmci vypracovani realiza¢ni doku-
mentace navrhnout jiny postup razby obou tuneld oproti zada-
vaci dokumentaci. RaZba probihala z vétsi ¢asti s vodorov-
nym ¢lenénim, v ¢dsti tunelu se pouZzivalo svislé Clenéni kalo-
ty a nejslozitéjsi dsek razby STT u jamy Prasny most byl roz-
&lenén na 7 dil¢ich vyrubu.

V predstihu byly provedeny tryskové injektdZze v mistech
prichodu tuneli pod baroknim opevnénim hradeb na jamé
Prasny most.

V ramci razené Casti stavby 9515 byl proveden vzducho-
technicky kandl a vétraci Sachta, kterd navazuje na vydecho-
vy objekt stavby 9515.

Stavebni jama Myslbekova - stavba 9515

Jama Myslbekova tvori rozhrani staveb 9515 a 0065 (obr. 8).
Z jamy Myslbekova byly realizovany razby tripruhovych
tuneld smérem na portél jamy Prasny most, vzduchotechnicky
kandl vydechového objektu Nad Octdrnou a technologické
centrum TGCl. Z jamy byl veSkery materidl odvdZen po
rampé, kterd se nachdzela nad jiznim tunelem stavby 0065.

Stavebni jama Myslbekova byla zajisténa po obvodé kotve-
nymi pilotovymi a zdporovymi sténami. VySka portdlové
stény zde dosahovala cca 35 m. Kotevni systém portdlové
zdpadni stény byl doplnén o rozpéry u severni Casti jamy.
Stény jdmy byly v prubéhu stavebnich praci intenzivné moni-
torovany s ohledem na slozitost konstrukce a blizkost inZe-
nyrskych siti.

Stavebni jdma slouZila pro montdz a demontdz formy, kterad
byla pouZzita pro betondZ sekundédrniho osténi tunel.

Souddsti stavby 9515 je i vydechovy objekt, ktery vyustuje
v kfizeni ulic Nad Octédrnou a U Laboratore.

VYZNAMNE CASOVE UDAJE

V této Cdsti prispévku jsou shromdzdény udaje o zahdjeni
a ukonceni vyznamnych etap tunelového komplexu v obdobi
od roku 2007 az do roku 2014.
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The rescue archaeological survey was conducted simultaneously
with the excavation. A burial site from the 9th and 10th centuries
with approximately 100 graves was found in a part of the Prasny
Most construction pit. The graves were documented and relocated.
The work in this part of the pit was interrupted during the archae-
ological survey.

The construction pit was braced on the western side, in the loca-
tion of the portal, by an anchored pile wall and with soldier beam
and lagging walls on the tunnel sides.

Because of the unfavourable geology at the mined parts of the
tunnels, a decision was made that the tunnel tubes depth would be
increased by ca 6m. This shifting of the tunnels directly affected
the Myslbekova and PraSny Most construction pits and constructi-
on lot 0080.

Cut-and-cover tunnels were carried out in parts in the construc-
tion pit and the counter-heading to the NTT was carried out from
it. Technological centre TGC2 is established between the tunnel
tubes in the location of the ramps. The Prasny Most three-floor par-
king garages are carried out above the tunnel bifurcation. The gara-
ges are designed for the capacity of 298 parking spaces. The entry
to and exit from the garages is along a spiral ramp from Milady
Hordkové Street (Figures 6 and 7).

Mined tunnels - construction lot 9515

The mined section in construction lot 9515 is delimited by the
Prasny Most construction pit and the Myslbekova construction pit.
The section comprises two triple-lane tunnels driven using the New
Austrian Tunnelling Method. It was necessary on the basis of
a supplementary geological survey to propose, within the frame-
work of the work on the detailed design, another procedure for the
excavation of both tunnels, differing from the tender design. The
so-called horizontal excavation sequence (top heading, bench and
invert) was applied to the major part of the tunnel; the vertical
sequence (side drifts and a central pillar) was applied to a part of
the tunnel; the most complicated section of the NTT at the Prasny
Most construction pit was divided into 7 partial headings.

Jet grouting in the locations of the passage of tunnels under the
Baroque fortification at the PraSny Most construction pit was car-
ried out in advance.

A ventilation duct and the ventilation shaft connecting to the
exhaust structure of construction lot 9515 were carried out within
the framework of the mined part of construction lot 9515.
Myslbekova construction pit- construction lot 9515

The Myslbekova construction pit forms an interface between
construction lots 9515 and 0065 (see Fig. 8). The Myslbekova con-
struction pit was the starting point for driving the triple-lane tun-
nels toward the portal of the Prasny Most pit, the ventilation duct
of the exhaust structure in Nad Octdrnou Street and the constructi-
on of technological centre TGC1. All materials were transported
from the pit along a ramp located above the southern tunnel tube of
construction lot 0065.

The Myslbekova construction pit was braced around the perime-
ter with anchored pile walls and soldier beam and lagging walls.
The portal wall height reached ca 35m. The anchoring system of the
western portal wall was supplemented by bracing beams in the nort-
hern part of the construction pit. The walls of the pit were intensely
monitored during the construction operations with respect to the
complexness of the structure and the vicinity of utility networks.

The construction pit was used during the assembly and disas-
sembly of the formwork for casting the secondary tunnel lining.

The exhaust structure ending at the intersection between Nad
Octarnou and U Laboratofe Streets is also part of construction
lot 9515.
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Rok 2007
15. 2. — stavba 0079, zahdjeni praci na zajisténi stavebni

IMPORTANT TIME DATA

This part of the paper contains data on the commencement and
Jjamy Troja; completion of important stages of the complex of tunnels during
3. 7. - stavba 0079, zahdjeni praci na zajisténi stavebn{ the 2007 to 2014 period.
jamy Letn4; 2007

4.7.— stavba 0079, zahdjen{ raZeb dvoupruhovych tunela
severni tunelova trouba (dile ,,STT*) z Troje;

8. 8. — stavba 0079, zahdjeni raZeb dvoupruhovych tunelu
jizni tunelové trouba (déle ,,JTT*) z Troje.

Rok 2008

1. 2. — stavba 0080, zahdjeni predstihovych praci

v prostoru stavebni jdmy Hrad¢anska;

20. 5. — stavba 0079, mimordadnd udalost v STT

km 6,12481, propad tunelu ve Stromovce;

4.7. - stavba 0079, pokraCovani razeb po mimoradné ud4-
losti;

8. 7.— stavba 9515, predéni staveni§t€¢ Pra§ny most —
kécen{ zelené;

1. 8. — stavba 0080, zahdjen{ praci na prelozkach inzenyr-
skych siti v prostoru stavebni jamy Hrad¢anska;

12. 10. — stavba 0079, mimorddnd udalost v STT

km 6,053, propad tunelu ve Stromovce;

30. 11. — stavba 9515, pfedéni staveni$te Myslbekova —
kéceni zelené;

11. 12. — stavba 0079, pokratovani razeb po mimoradné
udalosti;

17. 12. — stavba 9515, predéni stavenis§té Myslbekova —
zajisténi stavebni jamy.

Rok 2009

1. 6. — stavba 9515, predéni staveni§té Prasny most —
zajisténi stavebni jamy;

19. 7. — stavba 0079, zahdjeni protirazby tfipruhovych
tunelt z Letné STT;

21. 8. — stavba 0079, zahdjeni protirazby tfipruhovych
tunelt z Letné JTT;

1. 9. — stavba 9515, zahdjeni razby STT z portdlu

Myslbekova.

Rok 2010
8. 1. — stavba 9515, zahdjen{ razby JTT z portdlu
Myslbekova;

13. 1. — stavba 0079, zahdjeni razby technologického cent-
ra TGC 4,

10. 2. — stavba 0079, zahdjeni razby strojovny vzducho-
techniky;

21. 2. — stavba 0079, ukonceni razeb z portdlu Letnd;
6.7.— stavba 9515, mimorddnd uddlost v STT, propad
tunelu na pozemku Ministerstva kultury;

10. 7. — stavba 0079, zahdjeni praci na Trojském most¢;
31. 8. — stavba 0080, konec vyluky tramvaji Hrad¢anska.
Rok 2011

31. 1. — stavba 0079, ukonceni razeb z portalu Troja;

22. 4. — stavba 9515, dokonceni razby STT z portalu
PraSny most;

1. 6. — stavba 0080, zprovozneni jizni vozovky Milady
Horakové;

31. 7. — stavba 0079, dokonceni nosné konstrukce hl.
tunelt Troja;

15. 9. — stavba 9515, dokonceni razeb JTT.

15/02 — construction lot 0079, commencement of work on bra-
cing the Troja construction pit;

03/07 — construction lot 0079, commencement of work on bra-
cing the Letnd construction pit;

04/07 — construction lot 0079, commencement of driving doub-
le-lane tunnels — the northern tunnel tube (NTT) — from Troja;
08/08 — construction lot 0079, commencement of driving doub-
le-lane tunnels — the southern tunnel tube (STT) — from Troja.

2008

01/02 — construction lot 0080, commencement of advanced
works in the space of the HradCanska construction pit;

20/05 — construction lot 0079, an extraordinary event in the
NTT, chainage km 6.12481, caving of tunnel in Stromovka Park;
04/07 — construction lot 0079, continuation of driving tunnels
after the extraordinary event;

08/07 — construction lot 9515, Prasny Most construction site
handover — tree felling;

01/08 — construction lot 0080, commencement of work on utili-
ty network relocations from the area of the HradCanska con-
struction pit;

12/10 — construction lot 0079, an extraordinary event in the
NTT, chainage km 6.053 — tunnel caving in Stromovka Park;
30/11 — construction lot 9515, Myslbekova construction site
handover — tree felling;

11/12 — construction lot 0079, continuation of driving tunnels
after the extraordinary event;

17/12 — construction lot 9515, Myslbekova construction site
handover — construction pit bracing.

2009

01/06 — construction lot 9515, PraSny Most construction site
handover — construction pit bracing;

19/07 — construction lot 0079, commencement of counter-hea-
ding of NTT triple-lane tunnels from Letna;

21/08 — construction lot 0079, commencement of counter-hea-
ding of STT triple-lane tunnels from Letn4;

01/09 — construction lot 9515, commencement of driving the
NTT from Myslbekova portal.

2010

08/01 — construction lot 9515, commencement of driving the
STT from Myslbekova portal;

13/01 — construction lot 0079, commencement of excavation for
TGC 4 technological centre;

10/02 — construction lot 0079, commencement of excavation for
the ventilation plant cavern;

21. 2. — construction lot 0079, completion of tunnelling from
Letna portal;

06/07 — construction lot 9515, an extraordinary event in NTT,
tunnel caving in the grounds of the Ministry of Culture;

10/07 — construction lot 0079, commencement of work on the
Troja Bridge;

31/08 — construction lot 0080, end of closing of tram traffic in
HradcCanskad Street.

2011

31/01 — construction lot 0079, end of driving tunnels from Troja
portal;

22/04 — construction lot 9515, end of driving NTT from Pras$ny
Most portal;

01/06 — construction lot 0080, opening of the southern roadway

in Milady Hordkové Street;
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Rok 2012
2. 6. — stavba 0079, zahdjeni povrchovych praci na
Letenském ndmést{;
12. 8. — stavba 9515, dokonceni nosné konstrukce hl. tune-
14 Pragny most;
7. 10. — stavba 0079, ukonceni praci na Letenském nameésti.
Rok 2013
16. 7. — zahdjeni poklddky asfaltovych vozovek;
30. 9. — uvedeni definitivni tramvajové trati na PraSném
mosté do provozu;
23. 11. — ukonceni poklddky asfaltovych vozovek;
5. 12. — dokoncenf konstrukci vydechového objektu Nad
Kralovskou oborou;
7. 12. — zastaveni praci na tunelovém komplexu.
Rok 2014
24. 1. — rozhod¢i soud rozhodl o pokracovdni praci;
25.9. — ndcvik integrovaného zachranného systému
v tunelu — simulace nehody autobusu;
27.9. — vraceni Letenské plané PraZanim;
29.9. — dokonceni stavebnich praci podle rozhodnuti
soudu;
6. 10. — otevieni Trojského mostu.
Rok 2015
V soucastné dobé probihaji dokonCovaci prace na podzem-
nich gardzich Letnd a Pra§ny most.
Dile se dokoncuji dpravy povrchu na protipovodiiovych
opatrenich v Troji — stavba 0079.
Provadi se téz udpravy terénu pro jizni park na Prasném
mosté — stavba 9515.

ZAKLADNI UDAJE JEDNOTLIVYCH STAVEB
Tab. 1 Prehled délek jednotlivych iiseku

Stavba ev. . 0079 Spejchar - Pelc-Tyrolka

Povrchova &ast Troja 882 m
Hloubené tunely Troja 580 m
Razené tunely 2211 m
Hloubené tunely Letna 647 m
Celkova délka stavby 0079 4320 m
Vétraci Sachty Nad Kralovskou oborou — hloubka 39m
Stavba ev. €. 0080 Prasny most - Spejchar

Hloubené tunely milansky typ — celkova délka 658 m
Stavba ev. €. 9515 Myslbekova - PraSny most

Hloubené tunely Prasny most 323 m
Razené tunely 535 m
Hloubené tunely Myslbekova 49 m
Celkova délka stavby 9515 907 m
Vétraci Sachta Octarna — hloubka 42 m
Celkovéa délka trasy 5885 m

HLAVNI OBJEMY VYKONANYCH PRACI

V tabulkidch jsou uvedené vyznamné polozky stavebnich
praci z prubéhu realizace. V tabulce 2 jsou rozdéleny podle
pouzité technologie, v tabulce 3 podle jednotlivych staveb.

DILCI ZKUSENOSTI Z VYSTAVBY

Na tunelovém komplexu Blanka byla na hloubenych tune-
lech realizovanych v oteviené stavebni jameé ve veét§im rozsa-
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31/07 — construction lot 0079, completion of cut-and-cover
Troja tunnel structures ;
15/09 — construction lot 9515, completion of driving the STT.
2012
02/06 — construction lot 0079, commencement of work on the
surface of Letnd Square;
12/08 — construction lot 9515, completion of Pra§ny Most cut-
and-cover tunnel structures;
07/10 — construction lot 0079, completion of work in Letnd
Square.
2013
16/07 — commencement of laying asphalt roadways;
30/09 — bringing the final tram track at Prasny Most into ser-
vice;
23/11 — completion of laying asphalt roadways;
05/12 — completion of the structures of the Nad Krdlovskou
Oborou exhaust structure;
07/12 — cessation of the work on the complex of tunnels.
2014
24/01 — the Court of Arbitration decided that the works had to
continue;
25/09 — the Integrated Rescue System exercise in the tunnel —
simulation of a bus accident;
27/09. — the Letnd Plain returned to Prague citizens;
29/09 — completion of construction work in compliance with the
court decision;
06/10 — Troja Bridge opened to traffic.
2015
At the moment, the finishing work on the Letnd and Prasny
Most underground parking garages is in progress.
Further on, terrain finishes on flood prevention structures in
Troja are being completed — construction lot 0079.
Terrain finishes for the southern park at Pra§ny Most are also in
progress — construction lot 9515.

BASIC DATA ON INDIVIDUAL STRUCTURES

Table 1 Overview of the lengths of individual sections

Construction lot Reg. No. 0079 Spejchar - Pelc-Tyrolka

Troja at-grade part 882m
Troja cut-and-cover tunnels 580m
Mined tunnels 2,211m
Letna cut-and-cover and cover-and-cut tunnels 647m
Total length of construction lot 0079 4,320m
Nad Kralovskou oborou ventilation shafts - depth 39m

Construction lot Reg. No. 0080 Prasny Most - Spejchar
Milan type cover-and-cut tunnels — total length 658m
Construction lot Reg. No. 9515 MysIbekova — Prasny Most

Prasny most cut-and-cover tunnels 32m
Mined tunnels 535m
Myslbekova cut-and-cover tunnels 49m
Total length of construction lot 9515 907m
Octarna ventilation shaft — depth 42m

Total route length 5,885m

MAIN VOLUMES OF COMPLETED WORK

The tables contain important items of completed construction
work. The work is divided according to the technology used
(Table 2) and according to individual construction lots (Table 3).
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Tab. 2 Hlavni objemy stavebnich praci podle pouZité technologie
Table 2 Main volumes of construction work according to the technology used

Tuel

Ukazatel VytéZena hornina Hydroizolace Konstrukéni Konstrukéni Podzemni stény
a zemina [ v tis. m?] betony vyztuz tl. 0,8m
[vtis. m3] [vtis. m3] [t] [vtis. m3]

Indicator Excavated rock Waterproofing Structural Structural Diaphragm
and soil [ thousand m? ] concrete reinforcement walls 0.8m thick
[ thousand m3 ] [ thousand m? ] [t] [ thousand m? ]

RaZené tunely

a jejich objekty 922,7 291,9 2252 15775,0

Mined tunnels and

their structures 922.7 291.9 225.2 15,775.0

Hloubené tunely

— realizace

v otevrené jamé 1170,1 172,2 229,0 272724

Cut-and-cover

tunnels 1,170.1 172.2 229.0 27,272.4

Hloubené tunely

— realizace metodou

celniho odtéZovani 518,7 - 83,0 15439,0 49,5

Cover-and-cut

tunnels 518.7 - 83.0 15,439.0 49.5

Podzemni garaZe - 454 34,6 4236,8

Underground parking

garages - 454 34.6 4,236.8

Celkem 26115 509,6 571,8 62 723,2 49,5

Total 2,611.5 509.6 571.8 62,723.2 49.5

PARTIAL EXPERIENCE FROM
THE CONSTRUCTION PROCESS

A bentonite waterproofing system was applied to a greater
extent at the Blanka complex of tunnels project. A bentonite
mat absorbs the surrounding ground dampness and, at the
same time, it swells. This process gives rise to an extreme-
ly waterproof layer, which reliably protects the structure.
The great advantage of the bentonite waterproofing system
lies in simple installation, in contrast with asphalt sheets
and PVC waterproofing. On the other hand, the application
of this waterproofing system requires strict compliance with
standard procedures, first of all when joining various expan-
sion blocks in the area of the foundation slab. It can be sta-
ted that this waterproofing system acquitted itself and it is
possible to count with it even for future structures of this
type.

The application of double-sided formwork to the execution
of reinforced concrete wall structures at the Blanka complex
of tunnels acquitted itself well. The objective of this applica-
tion was to accelerate the construction process, to provide
simpler joining and details and to allow checking whether the
waterproofing layer is not damaged. In our experience, sing-
le-sided formwork should be designed quite exceptionally
because of the fact that it does not guarantee the smooth appli-
cation of waterproofing to vertical walls and, first of all, the

hu pouzita bentonitovd hydroizolace. Bentonitovd rohoZ
absorbuje okolni zemni vlhkost a zdroven dochazi
k nabobtnani hydroizolace. Tim vznika extrémné tésna vrst-
va, ktera spolehlivé ochrani stavebni konstrukci. Velkou
vyhodou bentonitové hydroizolace je jednoduchd montdZz
oproti asfaltovym pdasum a PVC hydroizolacim. Poklddka

archiv | archives Metrostav a. s.

Obr. 9 Den otevienych dveri — rok 2014
Fig. 9 Doors Open Day — 2014
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Tab. 3 Hlavni objemy stavebnich praci podle jednotlivych staveb
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Table 3 Main volumes of construction work according to individual construction lots

Ukazatel Vytézena hornina Hydroizolace Konstrukéni Konstrukéni Podzemni stény
a zemina [ vtis. m?] betony vyztuz tl. 0,8m
[vtis. m?] [vtis.m?] [t] [vtis. m?]

Indicator Excavated rock Waterproofing Structural Structural Diaphragm walls
and soil [thousand m?] concrete reinforcement 0.8m thick
[ thousand m3 ] [ thousand m? ] [t] [ thousand m? ]

Stavba ev. ¢. 9515

Myslbekova — Prasny most 671,7 124,4 122,1 13 588,7 -

Construction lot Reg.

No. 9515 Myslbekova 671.7 124.4 122.1 13,588.7

Stavba ev. ¢. 0080

Prasny most — Spejchar 339,3 - 53,4 10 945,0 38,2

Construction lot Reg.

No. 0080 Prasny Most

- Spejchar 339.3 - 53.4 10,945.0 38.2

Stavba ev. ¢. 0079

Spejchar - Pelc-Tyrolka

(SPELC) 1600,5 339,8 361,8 33952,7 11,4

Construction lot Reg.

No. 0079 Spejchar

— Pelc-Tyrolka

(SPELC) 1,600.5 339.8 361.8 33,952.7 11.4

Podzemni garaZe — Letnd - 31,6 20,8 2184,0 -

Underground parking

garages — Letna - 31.6 20.8 2,184.0

Podzemni garazZe

— Prasny most - 13,8 13,7 2052,8 -

Underground parking

garages — Prasny Most - 13.8 13.7 2,052.8

Celkem 26115 509,6 571,8 62 723,2 49,5

Total 2,611.5 509.6 571.8 62,723.2 49.5

Pozndmka: na raZenych tunelech byla pouZita PVC hydroizolace. U hloubenych tunelii a gardzi realizovanych v oteviené jamé byla

pouZita bentonitovd hydroizolace. U hloubenych tunelu realizovanych metodou Celniho odteZovdni byly pouZity vodonepropustné beto-

ny bez hydroizolace.

Note: PVC waterproofing membrane was applied to mined tunnels. Bentonite waterproofing was applied to cut-and-cover tunnels and

parking garages constructed in an open pit. Water retaining concrete without waterproofing was used for cover-and-cut tunnels.

této hydroizolace vyzaduje ale prisné dodrZovéni technolo-
gickych postupt hlavné pfi napojovéani raznych dilatadnich
dila v oblasti zdkladové desky. Lze konstatovat, Ze tento druh
hydroizolace se osvéd¢il a je mozno s nim podéitat na budou-
ci konstrukce tohoto typu.

Na stavbé tunelu Blanka se ukdzalo jako vhodné pouziti
oboustranného bednéni pfi provddéni Zelezobetonovych kon-
strukci stén. Duvodem bylo urychleni vystavby, jednodussi
napojovani, detaily a kontrola neporusenosti hydroizolace.
Jednostranné bednéni by se podle naSich zkuSenosti melo
navrhovat zcela vyjimeéné€, nebot’ nezarucuje bezproblémové

quality of the execution of details of construction joints. It is
even impossible to agree with the assertion that single-sided
formwork reduces the cost of the construction.

The cover-and-cut system using diaphragm walls and top-
down process of construction was applied to an about lkm
long section of the tunnel. This construction type allowed for
the quick return of surface traffic in the area of the Hrad¢anskd
construction pit. It is necessary when this system is used to
solve, among other problems, the finish of the surface of diap-
hragm walls after the ground under the roof deck is removed,
the water retaining capacity of the concrete used and details
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provadéni hydroizolace na svislych sténdch zejména detailu
pracovnich spar. Nenf moZno souhlasit ani s tvrzenim, Ze jed-
nostranné bednéni zlevnuje stavbu.

Na stavbé tunelu byly v délce cca 1 km provedeny hlou-
bené tunely s pouzitim podzemnich stén a ¢elniho odtézo-
vani pod stropni deskou. Tento typ konstrukce umoZznil
rychle navrdceni povrchové dopravy v prostoru jamy
Hradc¢anské. Pfi provddéni tohoto typu hloubenych tunelu je
tfeba reSit mimo jiné dpravu povrchu podzemnich stén po
odtéZeni zeminy, vodonepropustnost pouzitych betonu
a detaily po obvodu konstrukce vetné napojeni zdkladové
desky na podzemni stény. Doporucuje se pouZivat tento
druh konstrukce v mistech s omezenym $ifkovym usporada-
nim a v mistech, kde je hloubeny tunel hluboko pod povr-
chem.

ZAVER

Zavérem lze konstatovat, Ze navzdory vSem kritickym hla-
sum, které tuto stavbu provdzeji, se podafilo vybudovat
vyznamnou a technicky zajimavou ¢dst méstského okruhu.

Po uvedeni stavby do provozu uréité vetsi ¢ast obyvatel
a navstévnika Prahy tuto stavbu ndleZité oceni, coZ doklddaly
tisice zdjemcu béhem vystavby na dnech otevienych dvefi
(obr. 9). Obcané prichazeli behem vystavby do informacéniho
centra na Letné, kde se zajimali o prubéh vystavby a prali
stavbé co nejrychlejsi uvedeni do provozu.

Stavba tunelu pfinese méstu dal§i vyznamnou kapacitni ko-
munikaci, kterych je v Praze stdle znacny nedostatek. Zklidni
povrchové lokality od severniho portdlu Strahovského tunelu
pres Pragny most a7 ke kfizovatce Spejchar. Dile ulevi oby-
vatelum v oblasti Letenského ndmésti a VeletrZni ulice, kde
dojde k poklesu intenzivni dopravy.

Je tfeba pripomenout, Ze diky tunelu Blanka byl vybudovan
novy park v ulici Myslbekova a pripraven most Svatovitska
pro pripadnou vystavbu Zelezni¢niho spojeni na letiste
Viaclava Havla. Byla provedena rekonstrukce ulice Milady
Hordkové, do které jsou napojeny podzemni gardZze Letnd
a Pra$ny most.

Soucasti stavby je téZ vybudovani protipovodnovych opat-
feni v Troji, vystavba nového Trojského mostu a demontaz
provizorniho tramvajového mostu.

Na zavér je tfeba poprdt stavbé co nedfivéjsi uvedeni do
provozu, aby potvrdila svoji opravnénost a vedla k zamyslen{
jak dale v Praze fesit automobilovou dopravu.

Zijemci o problematiku si mohou vyhledat dalsi ¢ldnky
o tunelovém komplexu Blanka, které vysly v minulosti v Ca-
sopise Tunel, na
http://www.ita-aites.cz/cz/casopis/obsahy_rocniku/ .
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around the circumference of the structure, including the
connection of the foundation slab to the diaphragm walls. It is
recommended that this construction type is used in locations
where the width arrangement is restrained an in locations
where the cut-and-cover tunnel would be too deep under the
terrain surface.

CONCLUSION

In the conclusion it is possible to state that an important and
technically interesting part of the City Circle Road has been
successfully concluded despite all critical voices accompany-
ing this project.

When the construction is brought into service, it will be cer-
tainly properly appreciated by the majority of Prague popula-
tion and visitors. It was already possible to see when thou-
sands of visitors attended the construction sites on the occasi-
ons of the Doors Open Day events (see Fig. 9). Citizens came
to the information centre in Letnd during the course of the
construction and were interested in the construction process.
They wished the project to be brought to service as quickly as
possible.

The construction of the tunnels will bring another important
high-capacity road to the city. Such roads are still very few in
Prague. It will ease the traffic flow in surface localities from
the Strahov tunnel portal via Pra§ny Most up to the Spejchar
intersection. In addition, it will disburden residents in the
areas of Letna Square and VeletrZzni Street, where the traffic
volume will be reduced.

It is necessary to remember that, owing to the Blanka com-
plex of tunnels, a new park was developed in Myslbekova
Street and the Svatovitskd Bridge was prepared for the con-
tingent development of a railway link to Vdclav Havel airport.
Milady Hordkové Street, to which the Letnd and PraSny Most
underground parking garages are connected, was reconstruc-
ted.

The project in addition comprised the development of flood
prevention barriers in Troja, the construction of the new Troja
Bridge and the disassembly of the previous temporary tram-
way bridge.

To conclude, it is necessary to wish the project to be
brought into service as soon as possible to be able to prove its
justifiability and to lead to the contemplation of how automo-
bile traffic in Prague is to be further solved.

People interested in the problems can find other papers on
the Blanka complex of tunnels published in the past in both
languages in Tunel journal at
http://www.ita-aites.cz/cz/casopis/obsahy_rocniku/.

Ing. JIRI VALE§, vales @metrostav.cz,

Ing. STANISLAV FALHAR, falhar@metrostav.cz,
Ing. EVA KI}RKOVA, eva.kurkova@metrostav.cz
METROSTAYV a.s.
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USLAVSKY KANALIZACNI SBERAC V PLZNI - 2. ETAPA
USLAVA INTERCEPTOR SEWER IN PILSEN - STAGE 2

TOMAS Z[TKO

ABSTRAKT

Stavebni spolecnost POHL cz, a.s., v soucasné dobé provddi vystavbu druhé etapy Uslavského kanalizacniho sbérace v Plzni. Toto dilo
se realizuje technologii mikrotuneldZe v extrémné sloZitém geologickém prostredi. PFi realizaci se zde pracovnici potykaji s radou tiska-
li, kterd musi operativné reSit a kterd je zde vhodné zminit. Tento Cldnek neni zaméren primdrné na popis daného projektu, ale na popis
samotné technologie mikrotuneldze a situact, které musi realizacni firma v nepriznivych geologickych podminkdch resit. Pro vetsi pre-
hlednost Elanku byla isla jednotlivych komponentii 7 obecného schématu mikrotuneldze (obr. 1) vloZena i do textu a k fotografiim.

ABSTRACT

POHL cz, a.s., a construction company, is currently implementing stage 2 of the Uslava Interceptor Sewer project in the city of Pilsen.
This project is being realized in an extremely complicated environment using a microtunnelling technique. There were plenty of issues
encountered under the construction which had to be dealt with. The paper is not primarily focused on the description of the particular
design. Rather, it is focused on the description of the microtunnelling technique itself and the situations the construction company has
to solve in the unfavourable conditions. For the sake of clarity of this paper, the numbers of individual components of the general mic-

rotunnelling scheme (see Fig. 1) were also incorporated into the text and figures.

uvoD

V prvni poloviné roku 2014 byla v Plzni zahdjena vystavba
prvni fize druhé etapy Uslavského kanaliza¢niho sbérate (UKS),
ktery bude slouZit k odvadéni splaskovych vod z méstskych ¢asti
Bozkov a Koterov. V rdmci prvni faze této druhé etapy ma byt
vybudovéno:

e 2.3 km kanalizace z kameninovych trub DN 800 ® s vyuZi-

tim technologie mikrotunelovant;

INTRODUCTION

The implementation of the first phase of the second stage of the
Uslava Interceptor Sewer project (UIS), which will dispose of foul
water from the municipal districts of BoZkov and Koterov, com-
menced in the first half of 2014. The following structures should
be built within the framework of phase No. 1 of this stage No. 2:

e 2.3km of sewerage from DN80O clay pipes @, using a mic-

rotunnelling technology;

——
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Obr. 1 Obecné schéma mikrotuneldZe (pozn. Cisla oznacujici jednotlivé komponenty rovnéz odpovidaji &islum v dalSich vyobrazenich)
Fig. 1 General chart of the microtunnelling process (Note: the figures marking individual components correspond to the figures in the following pictures)
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41 reviznich Sachet hloubky 3,5 azZ 7,7 m;
¢ 30 m kanalizace z tvarné litiny DN 800 (podchod pod rekou
Uslavou);

e 78 m kanalizace z kameninového potrubi DN 400;

* 10 m proplachovaciho potrubi z tvarné litiny DN 250;

¢ odlehCovaci komora;

* obsluznd komunikace.

Z uvedeného vyctu je zfejmé, Ze alfa i omega celého projektu
spocivaji v dspesném osazeni kameninovych kanalizaénich trub
DN 800 pomoci mikrotunelovaciho zafizeni (MTBM =
Microtunnel Boring Machine).

Celé dilo md byt dokonceno v poloviné roku 2015, takze v dobé
zrodu tohoto ¢lanku se zhotovitel nachdzi priblizné v poloving.

POPIS TECHNOLOGIE MTBM ISEKI UNCLEMOLE

Zakladni informace

V dnesni dobé je jiz k dispozici fada nejruznéjSich typu
MTBM. Stavebni spole¢nost POHL cz, a.s., disponuje technolo-
gif ISEKI Unclemole 980, kterd umoZznuje nasazeni mikrostitu
i v pomérné promenlivych geologickych podminkach. Tato tech-
nologie se skladd z raziciho stroje s uzavrenou vrtnou hlavici @,
tlaéné stanice @, separacniho zafizeni, fidici kabiny opera-
tora ®, hydraulického rozvodu, systému &erpadel, obtoku @ @

Obr. 2 Pripravy pred razbou
Fig. 2 Preparation before the excavation
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e 41 manholes 3.5m to 7.7m deep;

* 30m of sewerage from DN80O ductile iron pipes (the pas-

sage under the Uslava River);

e 78m of sewerage from DN400 clay pipes;

e 10m of slurry line from DN250 ductile iron pipes;

e a relief chamber;

e a service road.

It is obvious from the above-mentioned list that the alpha and
omega of the entire project lie in the successful installation of
DNS8O0O clay pipes using a Microtunnelling Tunnel Boring
Machine (MTBM).

The entire project should be completed in the middle of 2015,
which means that is the contractor approximately halfway through
to the completion of the project at time this paper is written.

DESCRIPTION OF THE TECHNOLOGY MTBM ISEKI
UNCLEMOLE

Basic information

Many various MTBM types are already available today.
Construction company POHL cz, a.s., has ISEKI Unclemo-
le 980 technology at its disposal. This technology is the most
versatile MTBM for mixed soft ground conditions. The equip-
ment consists of a boring machine with a closed cutterhead O,
a jacking rig @, a separation plant, an operation cabin ®,
a hydraulic line, a slurry line which includes a system of
pumps, bypass units @ @ and slurry pipes, and an independent
lubrication line @.

All this equipment is powered by electricity from a power
cabin @, which is connected to a mobile 330k VA generator ©.
Pressure is transferred into the jacking rig cylinders @ through
a high-pressure pipeline with hydraulic oil from a power
pack @, which has the capability to generate this pressure from
electrical energy.

Brief description of the microtunneling works

Prior to the excavation, it is necessary to prepare the bottom
of the launching shaft, which means to remove the lining of
shafts at the place where the machine bites into the ground and
also on the opposite wall @ behind the jacking rig @. Sub-
sequently, an entrance ring with rubber sealing @ has to be
installed on the lining, ahead of the cutterhead. The slurry
would start to leak into the shaft without proper installation. An
abutment is cast on the opposite side. The jacking rig @ will
subsequently be propped against it. In the end, a slurry dischar-
ge pump 3 is connected and a pit bypass unit @ is assembled.
The preparation operations end in this way and the microtun-
nelling operations commence.

The ISEKI machine is lowered down the launching shaft and
is installed on the guide frame. It is connected to the pit by-
pass unit @3 with a three-inch pipeline and to the control cabin
with fibre optic and electrical cables. At the beginning of this
tunnel boring, it is necessary to chain the MTBM to the bottom
to prevent its rotation (see Fig. 2). Later, when the machine is
surrounded by ground, this function is taken over by the edges
of square steel bars welded on its skin. Slurry tanks @ are fil-
led with water and, if reasonable, bentonite or polymers are
added. After installing the laser @ and verifying the correct set-
ting of the machine by surveying, the tunnel excavation com-
mences. The tunnel boring machine is started and the jacking
rig @ is activated. The excavation is interrupted the moment the
machine gets thrust into the natural ground; hoses and cables
are disconnected and a jacking pipe @ is lowered down on the
guidance frame to be connected to the previous tube.
Subsequently, the hoses and cables are connected again and
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a vyplachového potrubi slouzicich k odtéZovani zeminy
a nezavislém systému lubrikace @ protlacovaného potrubi.

Veskeré toto zarizeni je pohdnéno elektrickou energif
z rozvodné skiiné @, napojené na mobilni elektrocentrdlu ©@
o vykonu 330 kVA. Tlak je do pista tla¢né stanice @ prendSen
skrz vysokotlaké potrubi s hydraulickym olejem z hydraulické
jednotky @, kterd tento tlak dokdze generovat z elektrické
energie.

Strucny popis razby

Pred samotnou razbou je nutné nejprve pripravit dno stavebni
jamy, tzn. odstranit paZeni stavebnich jam v misté, kde ma byt
zahdjena razba a také na prot¢jsi stené 1 za tlacnou stanici @.
Na osténi, pred feznou hlavu, se poté musi osadit vstupni prste-
nec s gumovym tésnénim @, bez jehoz fddného osazeni by po
spusténi ¢erpadel zacal vyplach unikat do jamy. Na protéjsi stra-
né se vybetonuje opérnd sténa, o kterou se ndsledné zapre tla¢na
stanice @. Na zdver se pripoji vytlatné Cerpadlo @ a smontuje se
obtokova jednotka @. Tim kon¢i pfipravné prace a za¢ind mik-
rotunelovani.

Stroj ISEKI se spusti do startovaci jamy a osadi se na vodici
ram. Ttipalcovym potrubim se propoji s obtokovou jednotkou ®
a optickymi a elektrickymi kabely s fidici kabinou ®. Pri za-
héjeni razby je nutné MTBM Kkotvit fet€zy k betonovému dnu,
aby nemohlo dojit k jeho rotaci (obr. 2). Pozdéji, kdyzZ je stroj
v zemi, tuto funkci prebiraji hrany ze ¢tvercové oceli podélné
navarené na jeho plasti. Odkalovaci nadrze @ se naplni vodou
a je-li to opodstatnéné, primicha se bentonit ¢i polymery. Po osa-
zen{ laseru G a geodetickém overeni spravné polohy stroje dojde
k zahdjeni razby. Razic{ stroj se spusti a aktivuje se tlacna stani-
ce @. Jakmile se stroj zatlaci do rostlé zeminy, razba se prerusi,
rozpoji se hadice a kabely a na vodici ram se spusti bezhrdlova
roura @ , kterd se napoji na predesly segment. Poté se hadice
a kabely opét propoji a razba muZe pokradovat. Tento proces se
neustdle cyklicky opakuje az k cilové jamé. Tam se stroj zavési
na mobilni jefdb, vytlaci se ven, potrubi a kabely se rozpoji
a MTBM se vytdhne na povrch. Tim konci mikrotuneldz daného
useku a nastdava jeho vyklizeni, po kterém nésleduje otacen{ stro-
je ¢i stehovani k dalsi startovaci jame. Soubézné s tim je prova-
déna kontrola fezné hlavy a oleje, po niZ zpravidla nésleduje
oprava a udrzba stroje, pripadné optimalizace tvaru a usporadani
feznych dldt pro dals{ dsek.

MTBM ISEKI Unclemole 980 ©

Stroj ISEKI Unclemole 980 je vybaven patentovanou vrt-
nou hlavici, skladajici se z pevné trychtytovité a rotacni kuZze-
lovité dsti opatfené rameny s feznymi dlaty. Smér otaceni
fezné hlavy se stiidd, aby dochédzelo k rovnomérnému opotie-
beni feznych dlat.

Zemina je nejprve rozruSovana krouzivym pohybem reznych
dlat na rotujicich ramenech a ndsledné je tlacena hloubégji do
stroje mezi pevnou trychtyfovou a rotujici kuzelovitou ¢ast drti-
Ce. ProtoZe pohyb rotaéni ¢asti neni kruhovy, ale elipticky, téze-
ny materiél je pfi pruchodu konickym otvorem timto excentric-
kym pohybem drcen a michén s privadénym vyplachovym médi-
em. Vytvorena suspenze putuje skrz St€rbinovy otvor v zadni
Casti drtice do vyplachového potrubi, kterym je transportovana
na povrch do separa¢niho zafizeni.

Prostor za integrovanym drticem je zachycen na obr. 3. Lze
zde vidét:

A) zdkladni méfidla a indikatory;

B) rameno smérového ukazatele;

C) inklinometr;

D) kamera;

E) elektromotor pro pohon fezné hlavy;
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driving can continue. This process is repeated until the recepti-
on shaft is reached. In the shaft, the machine is hanged on
a crane and fully pushed out. Then the pipelines and cables are
disconnected and the MTBM is lifted to the surface. At this
point, this particular section of microtunnelling ends, the instal-
led jacking pipes @& are cleared out and the equipment is swit-
ched to the opposite drive or moved into the next launching
shaft. The cutterhead and oil in the machine are checked con-
currently. It is usually followed by repair and maintenance of
the machine, or, if necessary, optimising the shapes and the
configuration of the cutters for the next section.

MTBM ISEKI Unclemole 980 ®

MTBM ISEKI Unclemole 980 is equipped with a patented
cutterhead consisting of a stationary funnel-shaped part and
a rotary cone equipped with four cutting arms at the front. Both
directions clockwise/counterclockwise are used to maintain
even wear in the cutting tools.

Ground is first disintegrated by the circular motion of cutting
tools on the rotating arms in front of the machine and is subse-
quently pressed deeper into the machine between the stationary
funnel-shaped part and the rotating conical part of the crusher.
Since the motion of the rotating part is elliptic instead of circu-
lar, the excavated material is crushed and mixed with the slurry
during the passage through the conical opening. The final sus-
pension passed through a slot opening in the rear part of the
crusher to the slurry discharge line, through which it is tran-
sported to the separation plant on the surface.

The space behind the crusher is shown in Fig. 3. We can see
the following components there:

A) essential gauges and indicators;

B) steering arm indicator;

C) inclinometer;

D) camera;

E) crusher motor;

F) hydraulic steering jack;

G) mechanical joint of the head;

H) slurry pipes;

I) slurry pressure indicator;

J) natural ground water pressure indicator;

K) stop valve of the slurry line;

L) bypass unit i7;

M) hydraulic motor of the bypass unit and steering jacks;

N) control panel;

O) fluorescent lamp;

P) engineering spot light.

The value of the unconfined compressive rock strength of
25MPa is given as a limitation for the Unclemole machine; it
can be raised up to SOMPa by strengthening the arms of the cut-
terhead. The machine can even break down isolated boulders
with the strength slightly higher, but their dimensions must not
exceed ca 1/3 of the cutterhead diameter to be able to pass
through the cutterhead into the cone crusher.

Two machines drive the tunnel in the Uslava interceptor
sewer. One machine is equipped with a TCC cutterhead
(Telegraphic Cone Crusher) designed for mixed ground and
further specially modified for driving through medium rock,
whilst the other one has a TCC-R cutterhead (Telegraphic Cone
Crusher — Rock) designed for medium rock (see Fig. 4). The
cutterheads differ in their shapes and configuration of cutting
tools. Nevertheless, both machines are in principle identical.

JACKING RIC @

Jacking rigs differ in their dimensions, the maximum jacking
force, the shape of the bearing plate, the working advance
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Obr. 3 Pohled do MTBM @ (legenda v textu)
Fig. 3 A view into the MTBM @ (legend in the text)

F) hydraulicky pist;

G) kloubové uchyceni fezné hlavy;

H) vyplachové potrubif;

I) tlakomér pro méfeni tlaku ve vyplachové soustave;

J) tlakomér pro mereni tlaku podzemni vody;

K) uzaviraci ventil vyplachového potrubi;

L) obtokova jednotka 12;

M) hydraulicky motor pro pohon pisti fezné hlavy

a obtokovych ventilu;

N) rozvadég;

0O) zarivka;

P) bodové svétlo pro geodetické méren.

Jako maximalni hodnota pevnosti v prostém tlaku horniny
pro nasazeni stroje Unclemole se uddva 25 MPa, pfi provede-
ni specidlnich dprav fezné hlavy je to az 50 MPa. Stroj sice
dokéze zpracovat i ojedin€lé balvany o néco vys$§i pevnosti,
ovSem jejich rozméry nesmi prevySovat cca 1/3 praméru fezné
hlavy, aby byly schopny projit mezi feznymi rameny primo do
drtice.

Razba Uslavského kanalizaéniho sbérace je provadéna dvéma
stroji. Na jednom je hlava do zemin TCC (Telegraphic Cone
Crusher) se specidlni Gpravou pro razbu v poloskalnim prostred{

Tuel

length, number of stage of hydraulic cylinders and the configu-
ration of the cylinders.

Various types of jacking rigs can be used for jacking, howe-
ver it general, a small jacking rig is not capable of generating
sufficient pressure for pushing large-diameter pipes and, on the
contrary, powerful jacking rigs are very massive, and so their
use for small pipes is inefficient due to the need for large laun-
ching shafts, and the large jacking force cannot be applied to the
small-diameter pipes either.

The maximum jacking force should be specified by the pro-
ducer. However, the whole issue is a little more complicated.
One thing is the maximum axial force applied to the pipeline,
which is quite easy to determine. However, the other thing is the
maximum jacking force transferred into the pipeline in-situ,
where it is never possible to achieve perfectly straight align-
ment and the eccentricity resulting from the inaccuracy has
a crucial inpact on the transmission of the jacking forces.

A meeting with Keramo Steinzeug representatives was held at
the commencement of the works. It was agreed that the given
axial jacking force of 3700kN acting on the particular jacking
tubes would be reduced to the value of 2900kN. Nevertheless,
this value can be considered as a limit value only under the
assumption that the directional tolerances specified in DIN EN
12889, where the maximum vertical and horizontal directional
deviations of the pipe DN80O0 are +25mm and +40mm, respec-
tively. These requirements are further more conditioned by
another requirement saying that the deviations can be gradual
only (this vague condition has never been defined explicitly).

The Uslava interceptor sewer tunnel is being driven using 300
tonne multi rig with a flat bearing plate, the maximum jack
extension of 2.3m. The maximum jacking force is additionally
limited to the value of 250 tonnes to prevent the damage of the
jacking clay pipes.

Slurry system

The excavated spoil is removed from the tunnel by closed
slurry system. The slurry gets into the slurry charge line from
a separation plant. The slurry is pumped by the charge pump @
through the pit bypass unit @ placed in the shaft (allowing the
venting of the slurry line and reversing the flow in order to clear
any blockages) to the cutterhead @©. The excavated material is
picked up into the suspension and carried out via an intermedi-
ate pump @ back to the shaft and then pushed by the slurry dis-
charge pump @ to the separation plant. The entire system has
to run permanently to avoid the settlement of the fine-grained
component in the slurry line or the freezing of the line in the
winter season. The second bypass @ installed inside the MTBM
allows redirecting the flow outside the cutterhead, using remo-
tely controlled valves to ensure the circulation of the slurry
during technical breaks and, at the same time, to keep the requ-
ired pressure at the excavation face even during the extension of
the slurry line (otherwise the suspension would flow into the
shaft).

Another important duty of the operator, apart from ensuring
the slurry circulation, is to adjust the slurry pressure at the face
to counterbalance the hydrostatic pressure in the ground. If the
pressure in the slurry line is very low, the pumped suspension
will start to settle in the pipeline and the pipeline may get clog-
ged (the slurry volume rate of flow in 2” and 3” pipelines must
not drop under 0.25m3/min and 0.8m3/min, respectively). In
the case of excessively high pressure, the slurry would leak
through the cutterhead into the surrounding earth (particularly
in highly permeable environments such as gravel terraces) and,
in an extreme case when the slurry pressure at the cutterhead
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ISEKI UNCLEMOLE TCC 980
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Obr. 4 Reznd hlava TCC a TCC-R ® (Autor: ISEKI Microtunnelling)
Fig. 4 TCC and TCC-R cutterheads O (Author: ISEKI Microtunnelling)

a na druhém je hlava do poloskalnich hornin TCC-R (Teleg-
raphic Cone Crusher - Rock) — obr. 4. Rezné hlavy se li§i svym
tvarem a rozmisténim feznych dlat, nicméné principidlné jsou
oba stroje totozné.

Tla¢na stanice @

Tla¢né stanice se 1isi predev§im svymi rozméry, maximalni
tla¢nou silou, tvarem rozndseci desky, délkou pracovniho zdbéru
a poltem stupnu a osazenych pistu.

K protlacovéni se mohou pouZivat rizné typy stanic, ale obec-
né plati, Ze mald stanice nedokdZe vyvinout dostatecnou silu pro
tlaceni potrubi velkého primeéru, a naopak silné stanice jsou
velmi masivni, a tak je jejich pouZiti u potrubi mensich rozméra
neefektivni, jelikoZ to vede k nutnosti budovdni velkych staveb-
nich jam, a navic sila téchto stanic stejné nemuZe byt u t€chto
subtilnich trub vyuZzita.

exceeds that of the hydraulic head at the surface, the slurry
could run through the fissures in the overload and spurt to the
surface.

The flow of slurry is controlled by variable speed of charge
and discharge pumps. The charge pump @ and discharge pump @
are operated at ca 50% and ca 70% of the maximum power
capacity, respectively. It is recommended to insert an additional
intermediate pump @ in case the discharge pump is overloaded
for a long period (usually when sections longer than 100m are
driven). The power of the intermediate pump @ cannot be chan-
ged, which means that the pump adds a constant increment to
the power of the discharge pump @ .

In the case of the blockage, the rate of flow through the valve
at the end of the pit bypass unit 1 is reduced, therefore the pres-
sure in the slurry line upstream from the valve increases and the
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Maximadlni tlacnou silu by mél stanovit vyrobce potrubi. Cela
problematika je ovSem trochu sloZitéjsi. Jedna véc je totiZ maxi-
malni osova sila aplikovana na potrubi, kterou neni t€Zké stano-
vit, a druhd véc je maximalni tlacna sila vnesend do potrubi in-
situ, kde nikdy nelze dosdhnout dokonale primého vedeni a tato
excentricita z nepresnosti ma na prenos tlaénych sil zcela zdsad-
ni vliv.

Pii zahdjeni stavby probé€hla schizka se zéstupci firmy
Keramo Steinzeug, kde bylo dohodnuto, Ze udavana maximalni
osova tlacna sila na dané protlacovaci trouby 3700 kN bude redu-
kovdna na hodnotu 2900 kN. Tato hodnota muZe byt ovSem
povaZovéana za hodnotu limitni pouze za predpokladu, Ze nebu-
dou prekro¢eny smérové tolerance uvedené v DIN EN 12889,
kde je pro potrubi DN 800 stanovena maximdlni smérova
odchylka +25 mm ve vertikdlnim sméru a 40 mm v hori-
zontdlnim smeéru. To vSe je jeSté navic podminéno pozadavkem,
7Ze odchylky smi byt pouze pozvolné (tato vdgni podminka
ovSem nikde neni explicitné definovéna).

Pii razbé Uslavského kanalizaéniho sbérade se pouzivaji tla¢-
né stanice s rovnou roznaSeci deskou, délkou zdbéru 2,3 m
a maximalnim vykonem 300 t. Maximdlni tla¢n4 sila je dodatec-
né umele omezena na hodnotu 250 t, aby nemohlo dojit
k poSkozeni kameninovych tla¢nych trub.

Systém odtézeni

Systém odtézovani zeminy probihd pomoci vyplachového
média, které cirkuluje v uzavieném okruhu. Vyplachové médium
se do potrubi dostdva ze separaniho zarizeni, odkud pres saci
Cerpadlo @ putuje do Sachty, kde se skrz obtokové zafizeni & ve
stavebni jame (umoZnuje odvzdusnit vyplachové potrubi a také
presmérovat tok vyplachu v pfipadé ucpdni) privadi k hlavé razi-
citho stroje @. Zde se médium misi s vytéZenou zeminou
a vznikld suspenze je undSena pres mezilehlé Cerpadlo @ zpét do
Sachty, odkud putuje za pomoci vytlacného Cerpadla @ do sepa-
racniho zarizeni. Cely tento systém musi neustdle cirkulovat, aby
nedochézelo k usazovani jemné slozky ve vyplachovém potrubi
a v zimnim obdobi také k zamrzani potrubi. Pro tyto ucely je
v razicim stroji umistén druhy obtok 1z, kterym lze za pomoci
integrovanych délkové fiditelnych ventild pfesmérovat tok mimo
razici hlavu a umoznit tak cirkulaci vyplachu v dobé¢ technolo-
gickych prestdvek a zdroven udrZet potfebny tlak na celbé
i v dobé prodluzovani vyplachového potrubi (jinak by se pri roz-
pojeni potrubi zacal vyplach hrnout spole¢né s podzemni vodou
a vytéZenym materidlem do stavebni jamy).

Jednim z dalSich dulezitych dkolu operétora je, kromé popiso-
vaného udrzovani vyplachového média v chodu, i udrzovéani rov-
novazného stavu mezi totdlnim napétim a napétim na fezné
hlave. V pripadé, Ze by tlak ve vyplachovém potrubi byl prilis
nizky, téZend suspenze by se zafala v potrubi usazovat
a dochazelo by tak k jeho zandSeni potaZzmo ucpdni (objemovy
prutok vyplachu nesmi klesnout u 2” potrubi pod 0,25 m3/min
a u 3” potrubi pod 0,8 m3/min). V pripadé prili§ vysokého tlaku
by doslo k unikédni vyplachového média skrz feznou hlavu do
okolni zeminy (zejména v silné propustném prostredi Stérkovych
teras) a v extrémnim pripade, kdy by tlak vyplachového média
v fezné hlavé prekro¢il hodnotu tlaku vodniho sloupce na vysku
od fezné hlavy k terénu, by v nepfili§ propustném prostredi (napf.
zvetralych bridlic) mohlo dojit i k tomu, Ze vyplachové médium
unikne puklinami v nadloZ{ a extruduje na povrchu.

Rychlost pritoku se fidi pomoci regulace vykonu saciho
a vytlacného Cerpadla. Saci Cerpadlo @ standardné pracuje na cca
50% vykon, kdezto vytlaéné @ na cca 70%. Pfi dlouhodobé vys-
$im zatiZzen{ tohoto Cerpadla (zpravidla pri razbé dseka délky nad
100 m) by se melo navic osadit Cerpadlo mezilehlé @ . Vykon

Obr. 5 Separacni soustava
Fig. 5 Separation system

clogging material is forced out (if the slurry line is blocked
downstream from the valve, it is necessary to redirect the slur-
ry flow through the pit bypass unit @ .

Separation system

A separation plant is used for the separation of the slurry
(water or water with bentonite and polymers) from the solid
component (excavated spoil). The principle of the separation
system used at the Uslava interceptor sewer is as follows: The
extracted suspension is carried through the slurry discharge line
to a belt screen providing the primary separation ®@. The coar-
sest component remains on the screen and is transported by the
belt to a spoil skip, whilst water with the fine-grained material
passes through the screen and gets into the first of two cham-
bers of the slurry tank @ (the walls of this chamber are slanted
to prevent the spoil settling along the chamber walls). The
material is subsequently transported by a transfer pump © from
the first chamber of the slurry tank @ to the hydrocyclone ®.
The hydrocyclone is formed by a system of eight funnels,
which separate the solid component from the material fed from
the side by a gyratory motion. The centrifugal slurry moves up
and gets through the pipe into the second chamber of the slurry
tank @, whilst the coarser material falls through the funnels ®




Obr. 6 Povrch - velin ®, separace, Sachta
Fig. 6 Surface — operation cabin ®, separation plant, shaft

mezilehlého Cerpadla nelze ménit a tvori tak v podstaté konstant-
ni piirastek vykonu &erpadla vytlatného 1.

V pripadé ucpdni potrubi se priskrti ventil na usti obtokové
soustavy, ¢imz dojde ke zvySeni tlaku ve vyplachovém potrubi
proti toku ventilu a ucpany materidl se tak vytla¢i ven (pokud je
vyplachové potrubi ucpdno az za timto ventilem, je nutné pre-
smérovat tok vyplachu za pomoci obtokové soustavy).

SEPARACNI SOUSTAVA

Nedilnou soucasti prislusenstvi kazdého MTBM je separaéni
zafizeni, jez slouzi k oddéleni vyplachového média (vody, prip.
vody s piimési bentonitt a polymert) od pevné sloZky (rozmélné-
né vytéZené zeminy). Princip separaéni soustavy pouZzivané na
Uslavském kanalizaénim sbéraci je nasledujici. TéZend suspenze
se systémem potrubi privadi na pdsové sito @ tvorici primarni
separaci. Nejhrubsi sloZka zustane na situ a pdsem se transportuje
na do¢asnou sklddku, kdeZto voda s jemnou primé€sovou sloZzkou
skrz sito protékd a dostava se tak do prvni ze dvou komor odkalo-
vaci nadrze @ (tato komora md uvnitf zkosené stény, aby nedo-
chazelo k usazovani hrubSiho materidlu podél stén nadrZe).
Materidl je poté separaénim Cerpadlem @ dopravovan z prvni
komory odkalovaci nadrze do hydrocyklonu ®. Ten je tvoren
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on separation screens ®. The screens separate the coarser com-
ponent away to the spoil skip and let slurry pass through into the
second chamber of the slurry tank @. The slurry in the slurry
tank is pumped again by the charge pump ® into the slurry char-
ge line.

Lubrication system

The lubrication of jacking pipes @ is carried out by lubricati-
on unit @ consisting of lubrication mixer, injection pump and
storage tank. Bentonite mixtures are usually used. Bentonite is
injected through a lubrication line and a lubrication joint located
around the circumference of the rear part of the machine, to the
annulus between the pipes @ and the surrounding ground.

Jacking pipes with the diameters exceeding 1.2m are usually
additionally lubricated throughout the excavation length
through one-way valves installed directly in the walls of the jac-
king tubes (this is not done for DN80O jacking pipes).

Operation cabin

The entire microtunnelling process is controlled by an operator
from the operation cabin, which is usually located just next to the
launching shaft so that the operator has a proper grasp of the events
taking place both in the shaft and on the surface (see Fig. 6).

The operation cabin contains (see Fig. 7):

a) a screen displaying the camera images transmitted from

the tunnel boring machine @;
b) another monitor displaying the video transmission from
the tunnel boring machine — it is there only in case of
a defect of the first monitor;

¢) a monitor displaying computer-processed data — e.g. the
length of the extension of the hydraulic jacks @, the exca-
vation advance rate, the direction of the cutterhead rotati-
on @, the valve positions  , the rate of the loading of the
motor and pumps, the machine inclination, the voltage in
the machine, the flow rate of the circulating slurry (it is
usually maintained at 0.85-0.90m3/min), the pressure on
the jacking pipes @ applied by the jacking rig @, etc.;

d) adisplay providing information on the equipment which is

currently in operation and showing error messages;

e) an operation desk through which the MTBM and its

equipment is controlled.

The videotransmission from the boring machine is display-
ed simultaneously to two screens for safety reasons, because
it shows gauges and indicators necessary for accurate stee-
ring, i.e.:

¢ alaser target — it shows the actual position of the rear part of
the machine @ (as opposed to the inclinometer, which gives
the value of the machine inclination in relation to the hypot-
hetical horizontal plane, not the gradient of the excavation);
the boring machine sometimes “floats” under the ground, it
can therefore sink in reality even when it is inclined upward
and vice versa. The laser target is therefore crucial for the
verification of the correct position of the machine;

e the position of the integrated remotely-controlled valves in
the bypass unit a7 ahead of the cutterhead @;

e pressure gauges — showing the pressure in the slurry line,
the groundwater pressure, the effective stress and pressure
in the hydraulic line;

e the status of the upper and lower jacks of the head @ — the
head of the machine is connected to the machine body by
two hydraulic jacks and one hinge (the first and second
jacks are installed at the one o’clock and 5 o’clock positi-
ons, respectively, whilst the hinge is at the nine o’clock
position), which allow the turning of the cutterhead in any
arbitrary direction;
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soustavou osmi trychtyia, které rychlym krouZivym pohybem
oddéluji pevnou slozku z boku ptivddéného materidlu. Odstredény
vyplach putuje vrchem do druhé komory odkalovaci nadrze, kdez-
to hrubsi materidl propada skrz trychtyfe na separacni sita ®. Ty
odseparuji pevnou slozku na mezilehlou sklddku a prosaty vyplach
propusti do druhé komory odkalovaci nddrze @. Odtud je vyplach
opét Cerpan sacim Cerpadlem @ do vyplachového potrubi.

Lubrikacni souprava

K lubrikaci protlacovaného potrubi @ se obvykle pouZivaji ben-
tonitové smési, které se pomoci lubrika¢ni soupravy @ (tvorené
michackou na bentonit, Cerpadlem a akumulac¢ni nadrzi) vhani
nezdvislym potrubim, skrz lubrikaéni sparu umisténou po obvodé
zadni ¢asti stroje, do prostoru za protlaovanym potrubim @®.

Potrubi pramért nad 1,2 m se zpravidla navic lubrikuje po
celé délce razby skrz jednosmerné ventily osazené primo v pro-
tlacovacim potrubi (v protlacovacich troubdch DN8OO se nepro-
vadi).
Ridici kabina

Cely systém mikrotunelovani je fizen operdtorem z fidici kabi-
ny, kterd se zpravidla umistiije hned vedle startovaci jamy tak, aby

Obr. 7 Pohled do kabiny operdtora ® (legenda v textu)
Fig. 7 A view into the operator control cabin ® (legend in the text)
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e machine @ rotation — in the case that the machine starts to
rotate around its axis, it is necessary to change the directi-
on of the cutterhead rotation and in this way, return the
MTBM to the initial position.

All digitally processed data is stored on a PC and, thanks to the
MoRoS HSPA transmitter, is available on-line through the INSYS
Connectivity Service. In this way the error messages can be rea-
dily responded by ISEKI engineers in England, whose help and
experience proved useful to the contractor many times before.

BRIEF CHARACTERISTICS OF THE PROJECT

Engineering geological conditions

From the aspect of regional geological division of the Czech
Republic, the area of operations is part of the Algonkian com-
plex at the eastern edge of the Pilsen Basin. From the aspect of
lithology, this series developed as a complex of mostly pelitic-
psamitic rock types, weakly metamorphosed shale, i.e. schist,
siltstone and greywacke. In addition, there are tuffs and tuffites
with interlayers of quartziferous rock types (cherts) with basalt
volcanic outcrops abundantly present there.

The excavation has been accompanied by significant compli-
cations since the commencement - low advance rates, problems
associated with maintaining the required direction of the machi-
ne, extreme wearing of cutting tools, repeated blocking of the
machine, etc. Therefore POHL cz, a.s. had commission compa-
ny Samson Praha s r.o. to prepare a supplementary geological
survey analyzing geophysical measurements using the MRS
method (the Shallow Seismic Refraction Survey) and the DEMP
method (the Dielectric Magnetic Profiling), supplemented by
ten new cored boreholes.

Whilst the original survey report was mainly based on archi-
ve boreholes from the adjacent area, the new supplementary
geophysical measurements closely followed the designed centre
line of the sewer and the locations of the new cored boreholes
were reasonably determined based on an engineering judge-
ment. The results of the geophysical methods were used to
determine the positions of individual layers in the sub-base
(their quantitative geotechnical parameters, too) and determi-
ning the locations with an extremely unfavourable geological
situation. The cored boreholes were telescopic (the diameter of
195mm was applied down to the depth of 4.5m, whilst the dia-
meter of a mere 156mm was applied down from the depth of
4.5m), ending under the bottom of the designed sewerage pipe-
line. They served to determine the geological section, taking
laboratory samples and calibrating the geophysical methods (to
obtain qualitative values). In addition, engineering geological
documentation of the excavated shafts, which had been carried
out by ARCADIS CZ ass., also served for the better interpreta-
tion of the results of the geophysical measurements.

The results of the supplementary geological survey show
that nearly the entire alignment of the interceptor sewer is
located directly on the border between bouldery and gravelly
terraces and the underlying schist. The gravel terrace contains
a significant amount of free floating chert boulders with the
unconfined compressive strength exceeding 200MPa. The
schist is mostly weathered, thinly tabularly decomposing, with
the R4 unconfined compressive strength (i.e. 5-15MPa) up
to R5 (up to 5MPa), exceptionally R3 (15-50MPa). Quart-
ziferous schist with the strengths characterised as R3
(15-50MPa) through to R2 (50-150MPa) is randomly encounte-
red (roughly 30% of the volume), whilst about 5% of the volu-
me is characterised as R1 (over 150MPa). The occurrence of
this very hard rock had not been demonstrated in the previous
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mél operator prehled jak o tom, co se déje ve stavebni jamé, tak
i 0 tom, co se odehrdava na povrchu (obr. 6).

V kabiné operatora je umistén (obr. 7):

a) monitor zobrazujici kamerovy prenos z raziciho stroje @;

b) druhy monitor zobrazujici videoprenos z raziciho stroje — je
zde pouze pro pripad poruchy prvniho monitoru;

¢) monitor zobrazujici politatem zpracovand data — napf.
délku vyloZeni lisa tlalné stanice @, rychlost razby, smér
otaceni fezné hlavy, stav ventilu &, miru zatiZeni motoru
a Cerpadel, naklonéni stroje @, elektrické napéti ve stroji,
pratokové mnoZstvi cirkulujictho vyplachu (standardné se
udrzuje 0,85-0,90 m?/min), tlak od tlaéné stanice @ na pro-
tlaCeci potrubi B, atd.;

d) display poskytujici informace, kterd zarizeni jsou aktudlné
v chodu a zobrazujici chybova hldsent;

e) ridici pult, kterym se MTBM a jeho prislusenstvi ovlada.

Videoprenos z raziciho stroje je zobrazen z bezpeCnostnich
divoda hned na dvou obrazovkéch, protoZze zobrazuje méfidla
a indikdtory, bez kterych nelze stroj fidit. Jedna se o:

e zamérny kiiZ s laserovym ukazatelem — zobrazuje skute¢nou
polohu zadni &&sti stroje @ (na rozdil od ndklonoméru, ktery
uddvd hodnotu sklonu stroje vuci pomyslné horizontdlni
roviné, nikoli sklon razby); razici stroj nékdy pod zemi
,plave, a tak i pfi naklonu nahoru muZe ve skute¢nosti kle-
sat a naopak, zdmérny kfiz je tedy pro overeni spravné polo-
hy stroje rozhodujicf;

o stav integrovanych dalkové fiditelnych ventili obtokové
soustavy @ pred feznou hlavou @;

* manometry — zobrazuji tlak ve vyplachovém potrubi, tlak
podzemni vody, efektivni napéti a tlak v hydraulickém roz-
vodu;

e stav horniho a dolniho pistu fezné hlavy @ — feznd hlava je
ke stroji prichycena pres dva hydraulické pisty a jeden kloub
(prvni pist je umistén na jedné hodiné, druhy na péti hodi-
néach a kloub na deviti hodindch), coZ ji umoZnuje natd¢eni
do libovolného sméru;

* pootoceni stroje @ — v pripade, Ze se stroj zacne otacet
kolem své osy, je nutné zménit smér rotace rezné hlavy a tim
MTBM vritit do vychozi polohy.

Veskerd digitdlné zpracovana data jsou ukldddna v PC a diky
vysila¢éi MoRoS HSPA jsou pres sluzbu INSYS Connectivity
Service dostupna online. Na chybova hldseni tak mohou pohoto-
vé reagovat inZenyfi spol. ISEKI v Anglii, jejichz pomoci
a zkuSenosti zhotovitel nejednou vyuzil.

STRUCNA CHARAKTERISTIKA STAVBY

InZenyrskogeologické poméry

Z hlediska regiondlné geologického &lenéni Ceské republiky
patii zdjmovd lokalita k algonkiu vychodniho okraje Plzenské
panve. Litologicky se tato série vyvinula jako komplex prevazne
peliticko-psamitickych hornin, slabé metamorfovanych bridlic,
prachovcu a drob. Déle jsou zde hojné zastoupeny tufy a tufity
s vloZkami prokfemenélych hornin (buliznikd) s proniky bazalto-
vych vulkanitu.

ProtoZe razbu prakticky od zahdjeni provazely znacné kompli-
kace (pomalé postupy, problémy s udrZzenim pozadovaného sméru
stroje, extrémni opotiebeni feznych dldt, opakované uviznut{ stro-
je), spolecnost POHL cz, a.s., nechala zpracovat u spol. Samson
Praha s r.0. dopliikovy geologicky prazkum, spo&ivajici v geofy-
zikdlnim méfeni metodou MRS (mélkd refrakéni seismika)
a metodou DEMP (dielektrické magnetické profilovani), doplné-
ny o deset novych jadrovych vrta.
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geological documentation and the designer therefore could not
respond to the finding.

In the final report, the survey processor states, among other
things, that cutting points of the tungsten carbide drill bits broke
off (not by getting ground down) during the execution of the
cored boreholes and so the drill bits were disposed per each
borehole.

Hydrogeological conditions

The alignment of the interceptor sewer also runs in the imme-
diate vicinity of the Uslava River. The upper layers of the sub-
base are formed by a gravel terrace. It means that the sub-grade
features intrinsic permeability, forming the water table (uncon-
fined aquifer). The entire underground working is located under
the water table. Groundwater inflows into the shafts are there-
fore relatively intense and have to be continually pumped.

The virtually entire area of interest falls within the Uslava
River spillage area, serving to protect the city of Pilsen against
floods. We could see the rate at which the Uslava River can rise
and overflow its banks in this location right at the start of the
construction work.

Geometrical arrangement of the structures

The whole mined section (2.3km) is divided into partial secti-
ons between 39 cut-and-cover shafts 3.5m to 7.7m deep, which
were divided into three categories according to their purpose,
i.e. launching shafts, reception shafts and intermediate shafts.
The tunnel excavation always starts from the launching shafts
(in both directions) toward the receiving shafts, where the tun-
nelling machine is only lifted to the terrain surface. The inter-
mediate shafts have no technological purpose (they serve for the
installation of manholes only). They are therefore constructed
additionally, after the pipe jacking is finished. Individual mined
sections are 30 through to 140 metres long and their gradient is
3.5%o.

DESCRIPTION OF SOME PARTICULAR
SITUATIONSDEALT WITH ON THE UIS PROJECT

Design of the shafts and solution of the instability
issue during the preparation for tunnelling

The shafts were at first design as rectangular with steel sheet
piles lining. Because of the fact that the piles in the particular
geology could not be driven to a sufficient depth, their applica-
tion was finally rejected. It is necessary for technological rea-
sons to always provide sufficient space in the shaft for the jac-
king rig @, to be on the center line of the future excavation. It
would mean the need for the given design to transform the rec-
tangular shafts into trapezoidal shafts and to adapt each of them
individually, to suite the polygonal line of the designed centre
line of the sewer. Therefore it was decided to use circular shafts
supported by frames from K21 colliery arches and UNION lag-
ging (see Fig. 8). This solution proved to be successful.

The lining behind the jacking rig 4 and within the excavated
area © has to be removed prior to excavation. When the lagging
is removed in the environment formed by water-bearing gravel,
the gravel immediately slides into the space of the shaft. This
situation can be prevented behind the jacking rig by casting
a concrete thrust wall in the first step and removing the UNION
lagging after partial setting of the concrete (or every other lag
may remain in place). In the space ahead of the rig, gravel has
to be stabilised by driving UNION lags ahead up to the depth of
ca Im and creating an about 2m long forepoling umbrella from
concrete reinforcement bars 20mm in diameter.

In some cases, polyurethane resin was injected into the space
above the excavation. It subsequently eliminated the loosening
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Zatimco puvodni geologickd zprdva se opirala predev§im
o archivni vrty z okoli stavby, trasa doplnkového geofyzikdlniho
meéfeni presné sledovala osu projektované kanalizace a poloha
novych jadrovych vrti byla d¢elné volena do piesné vytipovanych
mist. Vysledky geofyzikalnich metod poslouZily ke zji§téni pru-
béhu jednotlivych vrstev v podloZi (i jejich kvantitativnich geo-
technickych parametri) a stanoveni mist s vysokym stupném
ohroZeni razby. Jddrové vrty byly teleskopické (do hloubky 4,5 m
mély prumér 195 mm a od hloubky 4,5 m byly priméru pouze
156 mm), koncily pode dnem projektovaného kanaliza¢niho
potrubi a slouzily ke zjisténi geologického fezu, odbéru laborator-
nich vzorku a kalibraci geofyzikdlnich metod (k ziskdni kvalita-
tivnich hodnot). K lep$i interpretaci vysledki geofyzikalniho
mereni rovnéZ poslouzila inZenyrskogeologickd dokumentace jiz
vyhloubenych Sachet zpracovana spolecnosti ARCADIS CZ a.s.

Z vysledku dopliikového geologického pruzkumu vyplyvd, Ze
témér celd trasa vedeni kanalizaéniho sbérace je situovdna primo
do rozhrani zemin balvanité $térkovité terasy a podloZnich bridlic.
Stérkovitd terasa obsahuje znaéné mnoZstvi volné plovoucich bal-
vanu bulizniku s pevnosti v prostém tlaku prevySujici 200 MPa.
Bridlice jsou prevdzné zvétralé, tence deskovité rozpadavé, pev-
nosti v prostém tlaku R4 (tj. 5-15 MPa) az R5 (do 5 MPa), vyji-
mecné R3 (15-50 MPa). Nahodné se vyskytuji prokifemenclé
vyplné bridlic (zhruba ve 30 % objemu) s pevnostmi charakteri-
zovanymi jako R3 (15-50 MPa) aZ R2 (50-150 MPa) a zhruba
v 5 % objemu i R1 (nad 150 MPa). Vyskyt téchto velmi tvrdych
hornin nebyl v predchozi geologické dokumentaci prokdzan, a tak
na n¢j projektant nemohl reagovat.

Zpracovatel pruzkumu v zdvére¢né zpravé mimo jiné uvadi, Ze
pii provadéni jadrovych vrta dochézelo na vrtnych korunkéch
k vylamovani (nikoli obrusovéni) feznych hrotu z tvrdokovu a tak
si jednotlivé vrty vyzadaly az tri vrtné korunky.
Hydrogeologické poméry

Trasa kanaliza¢niho sbérace je provadéna v bezprostredni bliz-
kosti feky Uslavy. Vrchni vrstvy podloZi tvoii stérkova terasa,
jedna se tedy o podloZi s prulinovou propustnosti s volnou hladi-
nou podzemni vody (HPV). Celé podzemni dilo je situovano pod
HPV, jeji ptitoky do stavebnich jam jsou tedy pomérné intenzivn{
a musi byt kontinudlné Cerpény.

Prakticky celd zdjmovad oblast navic spadd do rozlivového
tizem{ feky Uslavy, slouZiciho k ochrané mésta Plzné pied povod-
némi. O rychlosti, s jakou dokdze feka Uslava v této lokalité
nastoupat a vylit se z biehu, bylo moZné se presvéd¢it hned pri
zahdjeni stavby.

Geometrické usporadani stavebnich objekti

Cely razeny tsek (2,3 km) je roz¢lenén na dil¢i tseky mezi 39
hloubenych stavebnich jam hlubokych 3,5 az 7,7 metru, které byly
podle tcelu rozdéleny do tif kategorii, a sice jamy startovaci, cilo-
vé a prubézné. Razba je realizovéna vzdy ze startovacich jam (na
obé strany), k jamam cilovym, ze kterych se stroj pouze vytahuje
na povrch. Jamy prubézné nemaji pro razbu zddné technologické
opodstatnéni (slouzi pouze pro osazeni reviznich Sachet), jsou
tedy provddény dodateCné az po zatlaCeni potrubi. Jednotlivé
razené tseky maji délku od 30 do 140 metru a sklon 3,5 %o.

POPIS VYBRANYCH SITUACI RESENYCH NA UKS

Navrh stavebnich jam a FeSeni nestability
pfi pfipravé na razbu

Pivodné bylo v projektu pocitino s obdélnikovymi jamami
pazenymi pomoci ocelovych §tétovnic. Protoze by se v dané geo-
logii $tétovnice nedaly beranit do dostate¢né hloubky, bylo od
jejich pouziti nakonec upusténo. Z technologickych duvodu je
nutné zajistit vZdy ve stavebni jamé dostate¢ny prostor pro tlatnou

Tuel

of the gravel behind the lining and leaking of slurry into the
shaft during the excavation of initial metres.

Consequences of tunnelling through hard rock

Because of the fact that geology at the Uslava Interceptor
Sewer construction is very variable, MTBMs designed for soft
ground or hard rock cannot be used. . For that reason the most
versatile ISEKI Unclemole machines are used. However, even
these machines are designed for medium rock only with the
maximum unconfined compressive strength of 50MPa.
Unfortunately, the contractor is often found in an environment
significantly stronger. This fact has serious negative impacts not
only on the cutterhead but on all equipment, including even, for
example, the generator @, which is not directly exposed to the
strong rock, however it must generate significantly more power
than usual.

On this project, the cutterhead, which is able to drive over
1km in common conditions without the necessity for more seri-
ous repairs, passes through a complete renovation after each
completed section (i.e. every ca 50m). When hard rock is being
crushed in the crusher, very abrasive and very fine dust is gene-
rated, having two significant negative consequences.

The abrasiveness of siliceous dust causes the destruction of
the slurry pipes, separation screens ®, hydrocyclone funnels ®,
pumps, bypass units @ @, bearings, valves and also, for example,
the mechanical seal & slip ring of the cutterhead @, where the cost
of its replacement is roughly equal to the price of a new car.

The fineness of the siliceous dust in addition causes the slur-
ry pollution — the dust originating during the crushing of the
hard rock is so fine that it binds to the slurry medium and, toget-
her with it, forms mush. During the passage through the hydro-
cyclone ®, the dust is not centrifuged down to the screens ®
and, instead of it, it moves up together with the slurry through
the pipe straight to the slurry tank @. Because this dust is not
being separated from the slurry, it is gradually accumulated and,
after some time, the slurry is degraded and must be replaced.
The slurry sometimes has to be exchanged even in the case of
common medium rock environment, however approximately
1-2 times per month only. In the environment formed by cherts
and quartziferous schist, it has to be exchanged on daily basis.
The slurry is removed from the slurry tank @ by a suction exca-
vator, which is very expensive to operate.

Optimisation of cutting tools

The geology in the locality of interest is extremely variable —
schist (locally weak, completely weathered; locally compact,
heavily quartziferous) alters with gravel containing cherts with
very high strength. Such a variable geological situation repre-
sents an extreme strain, acting mainly on the cutterhead.
Therefore it is necessary to optimise it continually according to
the current geological situation.

The first change, compared with the classical configuration of
the TCC cutterhead, lied in the installation of reinforcing cutter
arm blocks on the cutter arms. This modification was taken over
after a positive experience from the preceding stage. In additi-
on, it was necessary to thoroughly cover all exposed parts, in
particular the front-end edge of the tunnelling machine, the
crusher (both the stationary and rotating parts) and cutting tools,
by welding a tungsten carbide coat on their surfaces.

During the tunnelling operations, the ISEKI company intro-
duced a new design of a Unclemole cutterhead. The main prio-
rity of this design lies in the easier replacement of cutting tools,
which are no longer composed from individual cutting tools
installed through the rotational cutting arms. Instead, there are
groups of smaller tungsten inserts soldered to small bit holders,
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stanici @ v ose budouci razby. To by pfi daném ndvrhu znamena-
lo obdélnikové jamy pretransformovat na jamy lichobéZnikové
a resit kazdou z nich individualné podle lomené ¢ary projektova-
né osy kanalizace. Nakonec bylo tedy rozhodnuto pouzit kruhové
stavebni jamy paZené pomoci ramu z dulni vyztuZe K21 a paZin
UNION (obr. 8). Toto feSeni se v praxi osveédcilo.

V ramci pripravy pro budouci razbu je nutné, v prostoru za
tlacnou stanici G a v prostoru budouci razby 19, odstranit ocelo-
vé paznice. Po odstranéni paznic v prostiedi zvodnélych Stérka
dochdzi k okamzitému sesuvu $térku do prostoru Sachty. Za tlac-
nou stanici lze této situaci predejit tim, Ze se nejprve vybetonuje
monolitickd opérna sténa a paziny UNION se odstran{ aZ po jejim
CasteCném zatuhnuti (pfip. se kazdd druhd paZnice zachovd).
V prostoru pred razbou se $térk musi stabilizovat predrdzenim
pazin UNION na hloubku cca 1 m a zhotovenim jehlového dest-
niku z betonarské vyztuze ¢ 20 mm na délku priblizné 2 m.

V nékterych pripadech byl navic prostor nad razbou injektovéan
polyuretanovou pryskyfici, kterd poté eliminovala rozvolnéni
Stérku za osténim a vnikdni vyplachu do stavebni jamy
pfi prvnich metrech razby.

Dusledky razby v tvrdych horninach

ProtoZe geologie na stavbé UKS je znaéné proménlivé, nasaze-
ni Cisté zeminovych nebo &isté skalnich MTBM neni moZzné.
Proto jsou pouzivdany maximalné univerzdlni stroje ISEKI
Unclemole. Ty jsou ovSem pouze poloskalni, navrzené do hornin
s pevnosti v prostém tlaku maximdlné 50 MPa. Zhotovitel se v§ak
Casto nachazi v prostredi vyrazné pevnéj$im, coZ ma prirozené
zna¢né negativni dopad jak na feznou hlavu, tak i na celé dals{
prisluSenstvi vCetné napriklad elektrocentrdly ©, kterd sice neni
s pevnou horninou pfimo v kontaktu, ale musi pracovat pri zcela
jiném stupni zatiZeni.

Reznd hlava, kterd v b&Znych podminkach dokdZe bez nutnos-
ti vétsich oprav vyrazit pres 1 km, na této stavbé prochdzi kom-
pletni renovaci po kazdém vyrazeném duseku (tj. kazdych
cca 50 m). Pri drceni skalnich hornin v drti¢i navic dochdazi
k tvorbé velmi jemného prachu s extrémni abrazivitou, coz ma
dva vyznamné negativni dusledky.

Obrusnost kiemicitého prachu zpusobuje destrukci vyplacho-
vého potrubi, separa¢nich sit ®, trychtyia hydrocyklonu ®, Cer-
padel, obtokovych soustav 1 @, loZisek, ventilu, ale také napri-
klad mechanického tésnéni fezné hlavy @, kde se naklady na jeho
vymeénu priblizné rovnaji cené nového osobniho automobilu.

Jemnost kiemilitého prachu zase zpusobuje tzv. houstnuti
vyplachu — prach vznikajici pfi drceni pevnych kompaktnich hor-
nin je tak jemny, Ze se navdZe na vyplachové médium
a dohromady vytvori kaSi. Pfi priuchodu hydrocyklonem ®
v sekundarni separaci pak nedochdzi k jeho odstfedéni a propadu
na sita sekunddrni separace ® a namisto toho putuje horni ¢ast{
trychtyfe spole¢né s vyplachovym médiem pfimo do usazovaci
nadrze @®. ProtoZe tento prach nelze z vyplachu vyseparovat,
dochdzi k jeho postupné akumulaci a po urcité dobé se vyplach
znehodnoti a musi se vyménit. V§yménu vyplachu z duvoda
houstnuti je nutné provadet i u razby v bézném poloskalnim pro-
sttedi, ovSem v periodé priblizn¢ 1-2x za mésic, kdeZto
v prostredi bulizniku a prokfemenélych bridlic je nutné tuto
vyménu provadét kazdy den. Odstranéni vyplachu z odkalo-
vacich nadrzi @ se provadi pomoci sactho bagru, jedna se tedy
o0 operaci zna¢n¢ ndkladnou.

Optimalizace feznych dlat

Geologie zdjmové lokality se méni prakticky kazdym metrem
— bridlice (misty mékkd, naprosto zvétrald; misty kompaktni,
silné prokfemenéld) se stiidd se $térky obsahujicimi bulizniky
velmi vysokych pevnosti. Takto rozmanitd geologickd situace
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Obr. 8 Pohled do startovaci Sachty
Fig. 8 A view down the launching shaft
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which can be easily replaced from the front end of the machine.
Thanks to this fact, it is not necessary to dismantle the moving
central part of the cutterhead, which means that the time-consu-
ming and economically demanding necessity for lapping the
mechanical seal & slip ring during each repair of the cutterhead
ceases to exist.

The geometry of cutting tools themselves is continually opti-
mised on the basis of continuously assessing the machine beha-
viour and its level of wear in particular excavated sections. The
difference between a new cutter and cutters dismantled from the
cutterhead after the completion of a ca 70m long section is obvi-
ous from Fig. 10. (The excavated cross-section decreases with
the wearing of the circumferential cutters. As a result, the fricti-
on force acting on the pipeline being jacked increases. In addi-
tion, the tungsten carbide tips broken off from the bits damage
the integrated crusher.)

Because of the fact that the crusher gets clogged with chert
boulders, 2/4 of the cutterhead operating in these geological
conditions are provided with overlapping steel sheets with cut-
ting tools on them (in substance, it is the case of the changeover
of the cutterhead from the TCC to the TCC-R — see Fig. 4).

Maintaining the vertical alignment of the route

As mentioned above, nearly the entire route passes through an
interface between two completely different materials. If the
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predstavuje extrémni zatéZ zejména pro feznou hlavu. Je tedy
nezbytné ji prakticky neustdle optimalizovat podle aktudlni geo-
logické situace.

Prvni zménou oproti klasickému usporadani rezné hlavy TCC
bylo osazeni bo¢nich vyztuznych ramen. Tato dprava byla pre-
vzata po pozitivnich zkuSenostech z predeslé etapy. Ddle bylo
nutné vSechny exponované ¢dsti dukladné ovafit tvrdokovem.
Jednalo se zejména o Celni brit raziciho stroje, drti¢ (jak pevnou,
tak i rotaéni ¢dst) a reznd dlata.

Spole¢nost ISEKI provedla v pribéhu razby ndvrh nové razici
hlavy Unclemole. Hlavni prednost nového designu spocivd ve
snadnéj§i vymeéné feznych dlat, kterd jiZ nejsou tvorena jednotli-
vymi feznymi ndstroji osazovanymi skrz oto¢nd ramena, ale sku-
pinami men§ich feznych hrotd naletovanych na ocelovych desti¢-
kéch, které lze snadno osadit z predni strany stroje. Diky tomu
neni nutné pifi vyméné dlat demontovat pohyblivou stredovou
Cdst fezné hlavy, ¢imz odpadd ¢asove i ekonomicky ndro¢nd nut-
nost lapovani mechanického tésnéni pri kazdé opravé rezné
hlavy.

Tvar samotnych feznych dldt je neustdle optimalizovdn na
zdkladé prubézného vyhodnocovani chovani stroje a zpusobu
jeho opotrebeni po jednotlivych raZenych dsecich. Rozdil mezi
novym dldtem a dlaty demontovanymi z fezné hlavy po vyraZeni
cca 70 m je zfejmy z obr. 10 (obrusovanim obvodovych dldt se
zmenSuje pramér vyrubu, &imZ se zvétSuje treci sila na protlaco-
vané potrub{; vylomené hroty z tvrdokovu navic poSkozujf inte-
grovany drtic).

ProtoZe ve §tércich dochazi k zahlcovani drtie balvany buliz-
niku, je v této geologii nutné provadéno preplatovani 2/4 fezné
hlavy ocelovymi plechy s reznymi dlaty (v podstaté jde
o prestavbu fezné hlavy TCC na TCC-R — obr. 4).

Udrzeni vySkového vedeni trasy

Jak jiz bylo fe€eno, témér celd trasa prochdzi rozhranim dvou
zcela odlisnych materidld. Pokud je v trase prechod z jednoho
geologického prostfedi do druhého velmi pozvolny, ma stroj ten-
denci sledovat vrstvu mék¢iho materidlu a stdva se nefiditelnym
— dochdzi k propadani stroje, nastoupdavani po tvrdé vrstve, zatla-
Ceni stroje, apod. Regeni téchto pripadi se odviji od polohy
MTBM vudi stavebni jamé. Maji vSak jedno spolecné — jsou eko-
nomicky i asove velmi ndro¢né.

Pokud k vySe popsanému dojde béhem prvnich cca 12 m razby,
je mozné se strojem vycouvat. Razici stroj @ se pripevni k tla¢né
stanici fetézy @, ta se zapre o vstupni prstenec @ dfevénymi hra-
noly a zpétnym chodem se zacnou jiz zatlatené kanaliza¢ni trou-
by @ vytlacet ven. Pfi tom vSem je nutné k hlavé stroje privadet
vyplachovym potrubim smés cementu a bentonitu, kterd kontinu-
alné zaplnuje volny prostor pred feznou hlavou, a tim ji stabili-
zuje. Po vytaZeni stroje se cementobentonitovd suspenze nechd
vytvrdnout a raZba se zopakuje.

V pripadé, Ze MTBM nedokéze udrzet potrebny smér v bliz-
kosti cilové jamy, 1ze postupovat tak, Ze se razba dokonci, poté se
konven¢ni metodou provede zpétnd Stola, potrubi se dodate¢né
vyrovna do pozadované polohy a zalije se popilkocementovou
suspenzi.

Pokud se stroj stane neriditelnym daleko jak od startovaci, tak
i cilové jamy a neni pod zastavénym tzemim, je nejvyhodné;jsi
vyhloubit docasnou stavebni jamu, stroj urovnat a zemi-
nu/horninu pred strojem vhodnym zptsobem upravit (tvrdy mate-
ridl odsekat a vytvorit zdlom, do kterého stroj jiz dokdZze vnik-
nout; mekky materiél prolit jillocementovym mlékem; apod.).

Jisty vliv na udrZovéni stroje v poZadovaném sméru je déan
i pramérem vyrubu. Standardné se feznd dldta osazuji tak, aby
v krajni poloze eliptického pohybu presahovala plast MTBM
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transition from one geological environment to the other one is
very slow, the machine tends to follow the weaker material layer
and becomes non-steerable — the machine sinks, ascends along
the hard layer, is pushed etc. Solving these cases depends on the
MTBM position in relation to the shaft. However, they have
something in common — they are very demanding in terms of
economy and time.

If the above-mentioned situation appears during the excavati-
on of initial ca 12m, it is possible to reverse the machine. The
tunnel boring machine @ is fixed to the jacking rig @ with cha-
ins, the rig is braced against the entry ring @ with timber beams
and the already completely pushed-in sewerage tubes @9 start to
be pushed out by applying reverse gear. However, it is necessa-
ry during this operation to supply a cement-bentonite mixture to
the cutterhead through the slurry pipeline. The mixture continu-
ously fills the free space ahead of the cutterhead and stabilizes
it. When the machine is pulled out, the cement-bentonite sus-
pension is left to harden and the excavation is repeated.

In the case that the MTBM is not able to maintain the requi-
red direction in the vicinity of the reception shaft, it is possible
to proceed and finish the excavation; a back-gallery is carried
out subsequently, using a conventional method. The pipeline is
then aligned to the required position and is backfilled by cinder-
cement suspension.

If the machine becomes non-steerable far from both the
launching shaft and the reception shaft and is not located under
a built-up area, the most advantageous solution is to dig
a temporary shaft, align the machine and modify the earth/rock
ahead of the machine in a suitable way (cut the hard material
away and create an indentation, which the machine will be
able to enter; to drench the weak material with fluid cement;
etc.).

The diameter of the excavated opening is an additional ele-
ment in maintaining the required direction of the machine. As
a standard, cutting tools are mounted to protrude 8mm beyond
the extreme position of the elliptic motion. This “technological
overbreak” is filled with the lubrication suspension; it serves
mainly to reduce the skin friction. At shorter sections, where dri-
ving through an interface is expected, it is sometime reasonable
to use ground down circumferential bits. The empty annulus
around the MTBM is thus reduced and the stronger clutching of
the machine by surrounding soil leads to more accurate guidan-
ce and, respectively, to a more sensitive response to changes in
the tilt of the steerable head. Logically, the skin friction is inc-
reased in this way and such approach is possible to apply only
to short sections.

Driving on the interface between gravel-rock layers

A totally specific situation occurs in the environment formed
by two horizontal layers, where the upper half and the lower half
of the excavation is occupied by gravel and hard schist, respec-
tively. In such case, it is practically impossible to achieve the
state of equilibrium at the heading because the necessary pres-
sure into the upper gravel part can be transferred neither by slur-
ry (the slurry leaks through the permeable gravel layer) nor by
means of the pressure exerted on the cutterhed by the jacking
rig @ via the tubes being jacked, because the cutterhead pushed
itself against the rock layer at the bottom part of the excavation
face. It occurs then that the gravel from the space above the
machine is taken in instead of excavating the material in the
space ahead of the cutterhead and a cavern develops above the
pipeline being jacked. Apart from the future settlement of the
overburden, a cavern above the MTBM makes it impossible to
steer the machine which is no more loaded in the crown and the




Obr. 9 MTBM TCC O® po dokonceni razby
Fig. 9 MTBM TCC Q© after the completion of excavation

o 8 mm. Tento ,,technologicky nadvyrub“ je vyplnovan lubrikac-
ni suspenzi a slouzi predevi§im ke sniZeni plastového tfeni.
U kratSich tseku, kde se predpoklada razba skrz geologické roz-
hrani, je nékdy vyhodné provadét razbu s obrousenymi obvodo-
vymi zuby. Volny prostor po obvodu MTBM se tak redukuje
a pevnéjsi sevienf stroje okoln{ zeminou zpusobuje jeho presnéj-
§i vedenti, respektive citelnéjsi odezvu na zménu naklonu fiditel-
né hlavy. Z logiky véci se tim ov§em zvySuje plastové treni a tak
se toto opatfeni dd pouZit opravdu pouze u kritkych dseka.

Razba na rozhrani vrstev §térk - hornina

Naprosto specifickd situace nastiva v prostredi dvou horizon-
tdlné uloZenych vrstev, kde horni polovinu ¢elby zaujima Stérk
a dolni polovinu pevnd bridlice. V takovém pripad¢ je prakticky
nemozné dosdhnout rovnovazného stavu na ¢elbé, nebot’ vneseni
potrebného tlaku do horni §térkové ¢dsti nelze provést vyplachem
(vyplach skrz propustnou Stérkovou vrstvu unikd), ani pomoci
tlaku vnaseného na feznou hlavu tla¢nou stanici @ pres protlace-
ci trouby, jelikoZ se feznd hlava zapird o skaln{ vrstvu ve spodn{
Casti Celby. Dochdzi pak (namisto odtéZovani materidlu
z prostoru pred feznou hlavou) k pribirdn{ Stérku z prostoru nad
strojem a vytvdreni kaverny nad protlatovacim potrubim.
Kaverna nad MTBM kromé budouciho sedéni nadlozi zpasobuje
i jeho neriditelnost, nebot stroj uZ neni v koruné zatiZzen a ma tak
prirozené tendenci stoupat bez ohledu na natoceni jeho fiditelné
hlavy.
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machine tends to naturally ascend without respect to the to the
turning of the steerable cutterhead.

We try to eliminate this undesirable and possibly even dange-
rous phenomenon by the use of specially designed slurry con-
sisting of water, bentonite and polymers (instead of water flush
used as a standard) and, subsequently, by applying the TCC-R
cutterhead. As mentioned above, when encountering a gravelly
terrace with chert boulders is expected, it is recommendable to
close 2/4 of the cutterhead. In this way, the effective cutting area
necessary for the disintegration of the rock layer is increased
and, at the same time, the area through which the material is
pushed to the grinder is reduced. Apart from the prevention aga-
inst the clogging of the crusher, the stability of the gravel layer
in the heterogeneous environment is increased in this way. On
the downside, this modification has a negative influence on the
excavation rate because of the fact that the machine is not capa-
ble of taking so much material in as in the case of a more open
configuration of the cutterhead.

Despite the fact that the above-mentioned measures have
a positive influence on the excavation, they are not able to pre-
vent the undesired phenomenon completely. Longer sections of
the excavation through this interface in particular (without the
preceding elimination of the heterogeneity of the geological
series of layers by means of expensive grouting) are completely
infeasible.

CONCLUSION

It is obvious that the realization of the second stage of the
Uslava Interceptor Sewer Project is something absolutely
exceptional in the field of microtunnelling. This otherwise very
effective method, capable of daily advance rates as much as
several tens of metres, runs into problems here associated with
the basic condition of its effective application — a homogeneous
geological environment. MTBMs (irrespective of the manufac-
turer) have virtually no problem with any geology under the
condition that it does not vary along the route. The cutterhead is
simply adapted only to this particular type (the installation of
peeling cutters in clay and sand, cutting tools in weak rock and
disk cutters in rock).

Thanks to the use of top Japanese machines of the Unclemole
type, which currently belong among the most universal machi-
nes, the application of this method is not impossible even in
a heterogeneous geological environment, which is absolutely
unsuitable for microtunnelling. However, its effectiveness
disappears. The time required for the excavation of each metre
increases and so do the consumption of materials (bentonite,
lubrication oils, fuels) and the cost of repairs, maintenance and
the machine operation itself.
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Fig. 10 Ground-down peripheral cutters
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Tento nezadouci, a dalo by se Fict i nebezpecny jev je mozné
eliminovat jednak pouZzitim specidlné navrzeného vyplachu tvo-
feného smési vody, bentonitu a polymert (namisto standardné
pouzivaného vodniho vyplachu) a pak nasazenim fezné hlavy
TCC-R. Jak jiz bylo uvedeno vyse, pri predpokladu zastizen{
Stérkovité terasy s balvany buliZzniku je vyhodné feznou hlavu ze
2/4 uzaviit. Tim dojde ke zvétSeni Gcinné fezné plochy nutné
k rozmélnovani skalni vrstvy a zdroven ke zmenseni plochy, skrz
kterou je materidl tlacen do drti¢e. Kromé prevence pred zahlco-
vanim drtiCe bulizniky se tak i zvySuje stabilita Stérkové vrstvy
v nehomogennim prostiedi. Z logiky véci ovSem také vyplyva, Ze
ma tato dprava negativni vliv na rychlost razby, nebot stroj nen{
schopen pribirat tolik materidlu, jako pri vice otevieném uspora-
déni fezné hlavy.

Ackoli vySe popsand opatfeni maji na razbu pozitivni vliv,
nezadoucimu jevu plné zamezit nedokazou, a tak jsou zejména
delsi dseky timto rozhranim (bez predchozi eliminace nehomo-
genity geologického souvrstvi ndkladnou injektdzi) technologii
mikrotuneldze zcela neproveditelné.

ZAVER

Je patrné, 7e vystavba druhé etapy Uslavského kanaliza¢niho
sbérace je v oblasti mikrotunelovani né¢im zcela mimorddnym.
Tato jindy velmi efektivni metoda s pracovnimi postupy i nékolik
desitek metru za den zde nardzi na problémy spojené se zakladni
podminkou jejiho efektivniho pouZiti, kterou je homogenita geo-
logického prostfedi. MTBM (bez ohledu na vyrobce) totiZ nema-
ji problém prakticky s jakoukoli geologii, paklize se po trase
neméni. Rezn4 hlava se zkrétka jen prizpusobi na dany typ (osa-
zeni loupacich nozu v jilech a piscich, feznych dldt v polo-
skalnich hornindch a valivych dlat ve skalnim prostreds).

Diky pouZiti $pi¢kovych japonskych stroju typu Unclemole,
které patii k nejuniverzalnéj§im strojum soucasnosti, neni ani
v tomto geologickém prostiedi, pro mikrotunelovani naprosto
nevhodném, pouziti této metody nemozné, ale jeji efektivita se
zcela vytraci. Cas potiebny pro vyraZeni kazdého metru nedmér-
né vzrustd a spole¢né s tim i spotieba hmot (bentonity, mazaci
oleje, pohonné hmoty, ...) a ndklady na opravy, tidrzbu i samotny
provoz stroje.

Z dosavadniho prubéhu lze vydcist, Ze provedeni podrobného
geologického pruzkumu jiZ v obdobi projektové pripravy je u této
metody dualeZit€j$i nez u konvenénich razicich metod. Diky pro-
vedeni dopliikového geofyzikdlniho méreni v ose razby je nyni
alespon mozné u¢innéji predikovat geologickou skladbu jednotli-
vych dseku a provadét tak, ve spolupréci se zdstupci spolecnosti
ISEKI, individudlni optimalizaci fezné hlavy presné na miru pro
kazdy raZeny udsek.

Ing. TOMAS ZITKO, zitko@pohl.cz,
POHL cz, a.s.

Recenzovali: prof. Ing. Josef Aldorf, CSc., Ing. Igor Fry¢

LITERATURA / REFERENCES

Obr. 11 Oprava rezné hlavy ©
Fig. 11 Cutterhead repair ©

It is possible to conclude from the development to date that
the execution of a detailed geological survey as early as during
the design preparation period is more important for this method
than for conventional tunnelling methods. Owing to the execu-
tion of supplemental geophysical measurements along the futu-
re tunnel centre line, it is now at least possible to predict the
geological structure of individual sections more effectively and
carry out, in cooperation with ISEKI representatives, the preci-
sely tailored individual optimization of the cutterhead for each
mined section.
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ZAVAZENI TRUBEK GRP DO STOL MALYCH ROZMERU
TRANSPORTING GRP TUBES THROUGH SMALL-SIZE GALLERIES

JAROMIR ZLAMAL

ABSTRAKT

PFi ukldddni kanalizacniho potrubi GRP (Glass Reinforced Plastic) do §tol malych rozmérii se zhotovitel snazi neposkodit trubky, neza-
nechat ve Stole Zddné pridavné technologické zarizeni a snadno je spojit s malym poctem pracovniki. Hmotnost trubek se pohybuje casto
v hodnotdch stovek kilogramii, proto zhotovitel dila navrhuje takové Fesent, které je bezpecné, ekonomické a asove nendro¢né. V Eldanku se
uvddi zavdZeni v extrémne malém prostoru proplachovaciho kandlu DN 1500 v Praze — HoleSovicich/Karliné/Libni, v kanalizacnim sbéra-

¢ DN2000 v Praze-Troji a ve $tole s osténim z LB2-K21 v Dolnich Pocernicich.

ABSTRACT

When GRP tubes are being installed in small-size galleries, the contractor takes pains not to damage them, not to leave additional tech-
nological fittings in the gallery and to join the tubes using a small number of workers. The weight of tubes ranges within the values of hund-
reds of kilograms, which is the reason why the contractor proposes such solutions which are safe and undemanding in terms of economy
and time consumption. This paper discusses the issue of transporting the tubes through the extremely constrained space of a DN 1500 flus-
hing duct in the Prague districts of HoleSovice/Karlin/Liben, a DN 2000 sewer interceptor in the Prague district of Troja and in LB2-K21’

lined gallery’ in the Prague municipal district of Dolni Pocernice.

uvoD

Zavazeni trubek o hmotnosti vetsi nez 400 kg do Stol
malych rozméra je technicky problém, ktery se zhotovitel
snazi vyresit tak, aby se pri zavazeni neposkodily trubky
a aby se ve Stole nezanechalo Zddné pridavné technologické
zafizeni. Zavéazeni a spojovédni trubek je nutné realizovat
s malym poc¢tem pracovnika. Typ $tol, druh a rozméry potru-
bi jsou pro kazdou stavbu ruzné a je nutné vzdy hledat nej-
vhodnéjsi feSeni. Na trech pripadech jsou uvedeny priklady
z realizovanych staveb.

ZAVAZENI A SPOJOVANI TRUBEK GRP

Firemni literatura uvadi zavdZeni trubek jako napriklad
v Hamburku metodou s pouZzitim zabudovanych kolejnic do

rozpéra

brace
trubka GRP
GRP tube betonové osténi

concrete lining

carrier ! kolejnice
rail

INTRODUCTION

Transporting tubes with the weight exceeding 400kg
through small-size galleries is a technical problem. The con-
tractor tries to solve it in ways preventing any damage during
the course of the transport and leaving no additional techno-
logical fittings in the gallery. It is necessary for transporting
and joining the tubes to be carried out by a small number of
workers. The types of galleries and the types and dimensions
of tubes are different for each project and it is always neces-
sary to seek the most suitable solution. There are presented
three examples of completed projects.

TRANSPORTING AND JOINING GRP TUBES

Company brochures present as an example transporting the
tubes in a gallery in Hamburg. Rails are installed in the gallery
profile; they have to be fixed to the gallery lining. The transpor-
ting carrier is fixed inside the tube and the tube is shifted with
a small force to the place of destination (see Fig. 1). Another

Deformovana Vianini 1500/90
Deformed VIANINI tube

' zlom
/a break

NG
&

GRP 1280mm
1350 mm

GRP 1280 mm

Obr. 1 ZavadZeni trubek GRP pomoci kolejové drdzky
Fig. 1 Transporting GRP tubes by the carrier on the rails

Obr. 2 Deformovand trubka Vianini
Fig. 2 Deformed Vianini tube




Obr. 3 Odstrariovdni trubek Vianini v jamé hluboké 10,5 m
Fig. 3 Removing Vianini tubes in a 10.5m deep pit

osténi Stoly. Kolejnice musi byt upevnény do osténi Stoly,
zavédzeci vozik je upevnén uvnitf trubky a trubka je malou
silou posouvdna na misto ureni (obr. 1). V Praze se ve tfech
pripadech pouzila jind metoda zavazeni trubek GRP.

PROPLACHOVACI KANAL MEZI TESNOVEM A LIBNI

Mezi TéSnovem a Libni byl v minulosti vybudovan propla-
chovacfi kandl, ktery zajiStuje dopravu Cerstvé vitavské vody
z Halmovského jezu u Hlavkova mostu do Libenského pri-
stavu. Pres dva kilometry dlouhy kandl je z hrdlovych trubek
Vianini 1500/90 mm délky 3 m.

V nékterych dsecich proplachovaciho kandlu doslo
k prolomeni klenby trubek Vianini v délce priblizné 15 m
(svisly rozmér v nejvice prolomeném misté mél misto
1500 mm pouze 1350 mm) a na mnoha mistech byly zazna-
mendny Uniky vody do okolni zeminy (obr. 2, 3).

Proplachovaci kanédl je umistén vedle ulice Pobrez-
ni v hloubce cca 10 m. Voda z Vltavy netésnostmi potrubi

Obr. 4 Pohled na predni édst voziku
Fig. 4 A view of the front-end part of the carrier

method of transporting GRP tubes was used in three cases in
Prague.

FLUSHING DUCT BETWEEN TESNOV AND LIBEN

A flushing duct securing the transport of fresh VItava River
water from the Halmovsky weir near the Hlavkav Bridge to the
Liben harbour was built in the past between TéSnov and the

VIANINI
@ 1500/90

~GRP DN1200

(1184/1229) predni vozik

front-end carrier

_Sroub pro s
prizvednuti_

N WY VO N

VIANINI
& 1500/90

~GRP DN1200
© o (1184/1229) zadni vozik
rear-end carrier
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Obr. 5 ZavdZeni trubek GRP v nedeformované trubce Vianini (predni a zadni vozik)

Fig. 5 Transporting GRP tubes through a non-deformed Vianini tube (the front-end and rear-end carriers)
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Obr. 6 Zavadzeni trubek GRP — proplachovaci kandl
Fig. 6 Transporting GRP tubes into the flushing duct

pronikala do kandlu, v obdobi sucha naopak voda z kandlu uni-
kala z potrubi ven. UZivatel se proto rozhodl do stdvajicich tru-
bek Vianini vlozit trubky GRP DNI1200 (1185/1229)
SN5000 dl. 6000 mm. Hmotnost jedné trubky je 1044 kg.
Kandl byl timto zpusobem opraven v délce 800 m. Prostor
mezi trubkami GRP a Vianini byl vyplnén cementopopilkovou
zélivkou. Pro zavaZeni trubek byl vyvinut zavaZeci vozik.
Popis zavazeciho voziku

Pro zavazeni trubek GRP bylo navrzeno zarizeni sestavajic{
ze dvou ¢&asti, predniho a zadniho voziku. Oba voziky jsou do
trubky GRP vloZeny a upevnény ocelovymi rozpérnymi stoj-
kami s trapézovym zavitem. Do trubky GRP se opiraji pres
ocelové mesiCkovité opory o rozméru 80/600/R=600 mm.
Tento rozmér mesiCkovych opér je navrzen tak, aby pri dota-
Zeni nedoSlo k protd¢eni opér a aby pri predepnuti nedoslo
k deformaci trubky.

Predni vozik tvori tubus ze dvou U &. 120 dl. 1475 mm sva-
fenych spojovacimi plechy tl. 10 mm na distan¢nich podloz-
kach. Do tohoto tubusu se zasunuje I ¢. 120 dl. 2688 mm,
které je s tubusem pevné spojeno Srouby & 25 mm. Na pred-
nim konci I €. 120 je pripojen oto¢ny drzdk kol s Fidici ojkou,

| prednfi vozik H
| front-end zavazena trubka
| carrier transported tube
|

- otoéné kolo )

i~ | turning wheel "
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Obr. 7 Spojovdni trubek GRP — proplachovaci kandl
Fig. 7 Joining GRP tubes — the flushing duct

municipal district of Liben. The over two kilometres long duct
is made up of 3.0m Vianini 1500/90mm socket tubes.

In some sections of the flushing duct, the roof of the Vianini
tubes fell at the lengths of approximately 15m (the vertical
dimension in the worst damaged location was only 1,350mm
instead of 1,500mm) and water leaks into the surrounding
ground were registered in many locations (see Figures 2 and 3).

The flushing duct is located alongside Pobrezni{ Street, at the
depth of about 10m. Water penetrated from the Vltava River,
leaking through the tubes to the duct; conversely, it leaked out
of the duct during dry seasons. The user therefore decided to
insert 6,000mm long GRP tubes DN1200 (1174/1229) SN5000

Obr. 8 ZavaZeni trubek GRP — proplachovaci kandl
Fig. 8 Transporting GRP tubes into the flushing duct
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tubes into the existing Vianini tubes. The weight of one tube is
1,161kg. The duct was repaired at the length of 800m in this
way. The space between the GRP tubes and Vianini tubes was
backfilled with cinder concrete. A carrier was developed for the
transport of the tubes.

Transport carrier description

A facility consisting of two parts, a front-end carrier and a rear
end carrier, was designed for the transport of GRP tubes into the
duct. Both carriers are inserted into a GRP tube and are fixed
with steel bracing props with trapezoidal threads. They are bra-
ced against the GRP tube through 80/600/R=600mm steel
meniscal holds. This dimension of the meniscal holds is desig-
ned with the aim of preventing the props from slipping when
they are being tightened and preventing the deformation of the
tube when it is loaded by tightening the threaded props.

The front-end carrier is formed by a tubular appliance made

up of two 1,475mm long U 120 sections welded together by
means of 10mm thick connecting sheets, resting on spacers.
A 2,688mm long I 120 section is shifted into this tubular appli-
ance. It is firmly connected with it with 25mm diameter bolts.
A turning holder of wheels with a carriage beam used for stee-
ring the movement of the set is connected at the front end (see
Fig. 4). The tubular appliance position in the tube is inclined
instead of horizontal so that the wheel of the carriage can fit clo-
sely into the previously installed GRP tube after the arrival to it,
when the I 120 section is shifted ahead.
. Small boxes 72x72mm from 8mm-thick steel sheet are wel-
Obr. 9 Trubka GRP ve Stole — Troja ded to the connecting sheets of the tubular appliance. The steel
Fig. 9 GRP tube in the gallery — Troja bracing posts are placed into the boxes. By extending the posts
kterou se usmérnuje jizda soupravy (obr. 4). Tubus nenfi in the GRP tube, the front-end carriage is firmly connected with
v potrubi umistén vodorovné ale $ikmo tak, aby kolo voziku the tube and the assembly is prepared for transport.

The rear-end carriage is also formed by a tubular appliance
consisting of 1,428mm long U 120 sections, which are welded
together by means of 10mm thick steel sheets. A 10mm thick
vertical steel sheet connecting the U 120 sections is welded to
the end of the tubular appliances. 25mm-diameter wheel spind-
vafeny krabi¢ky o rozméru 72x72 mm z plechu tl. 8 mm, do | les are welded to it. The wheels are positioned radially toward
kterych se usazuji ocelové rozpérné stojky. Jejich dotazenim the Vianini tubes. The installation of the rear-end carrier in the

po prijezdu k dfive osazené trubce mohlo prfi vysunuti
I ¢. 120 dosednout dovnitf predchozi dfive osazené trubky
GRP.

Na spojovaci plechy tubusu, které spojuji U ¢. 120, jsou pfi-
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Obr. 10 Umisténi voziku a trubky GRP ve §tole vypusti z OK 4FE - Troja
Fig. 10 Position of the carrier and a GRP tube in the outflow from OK 4FE - Troja




Obr. 11 Trubky GRP pred spojenim — Troja
Fig. 11 GRP tubes before joining — Troja

do trubky GRP je predni vozik pevné spojen s trubkou
a souprava je pripravena k prepravé.

Zadni vozik je rovnéZ tvoren tubusem ze dvou U ¢&. 120 dl.
1428 mm svafenych plechy tl. 10 mm. Na konci tubusu
z U €. 120 je privaren svisly plech tl. 10 mm, ktery U ¢. 120
spojuje a na ném je privarena osa kol & 25 mm. Kola jsou
umisténa radidlné k potrubi Vianini. Upevnéni zadniho vozi-
ku do trubky GRP je obdobné jako u predniho voziku (obr. 5).
Doprava a spojeni trubek GRP

Do trubky se vloZi oba voziky a upevni se pomoci svislych
rozpérnych stojek. Po dikladném dotaZeni trapézovych zdvi-
ta rozpérnych stojek jsou oba voziky pevné spojeny s trubkou
GRP a takto je souprava prepravovana (obr. 6).

24. rocnik - €. 2/2015

Obr. 12 Zavadzeni trubek GRP — Troja
Fig. 12 Transporting GRP tubes — Troja

GRP tube is similar to the installation of the front-end carrier
(see Fig. 5).
Transporting and joining GRP tubes

Both carriers are inserted into the tube and are fixed by means
of vertical bracing props. After thorough tightening of the trape-
zoidal threads of the bracing props, the two carriers are firmly
connected with the GRP tube. The set is transported in this form
(see Fig. 6).

After the whole set arrives up to the distance of approximate-
ly 1650mm from the previously installed tube, the front-end car-
rier together with the tube is heaved by means of a jack, the
I 120 section is shifted into
the previously installed
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on (see Figures 7 and 8).
The whole front-end part
of the set is lowered down
so that the front wheels fit
closely in the previously
installed GRP tube. After
the wheels are in contact
and the level of the tube is
thoroughly adjusted by
tightening the locking nuts
on the front-end vertical
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set is moved so that the
socket of the GRP tube is
in the close proximity of
the previously installed
tube. If the level and direc-

AR

tion of the tube socket cor-

Obr. 13 Spojovdni trubek GRP — Troja, podélny rez
Fig. 13 Joining GRP tubes — Troja, longitudial section

respond to the level and
direction of the previously
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Po prijezdu celé

soupravy k dfive osa-
zené trubce na vzda-

lenost priblizné 1650
mm, se predni vozik

i s trubkou pomoci
panenky nadzvedne, |
I ¢. 120 s koly se vy-
sune do dfive osaze-
né trubky a I ¢. 120
se pevn¢ spoji s tu- |
busem z U ¢. 120
v nové prepravni po-
loze (obr. 7, 8).

Celd predni &ast
soupravy se spusti
dolu tak, aby predni

zavazena trubka
transported tube

1524
2000

kola dosedla do dfi-
ve osazené trubky

GRP. Po dosednuti
kol a peclivém urov-

LAY A\

\\\\\
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nani vysky trubky

nastavenim a dotaZe-
nim aretatnich ma-
tek na predni svislé
oto¢né ose se s celou soupravou popojede tak, aby hrdlo trub-
ky GRP bylo v tésné blizkosti diive osazené trubky. Pokud
vyska i smér hrdla trubky odpovidaji vySce a sméru drive
osazené trubky, pak je moZno uskuteCnit spojeni trubek.
Pokud je zjisteén vyskovy rozdil mezi trubkami, matkami na
svislé ose predniho voziku se vySka trubek srovna. Pak je
mozno trubky GRP spojit. Zasunuti trubek do sebe se prove-
de bud vritkem, nebo jinym podobnym zaf{zenim, pfi dodr-
Zeni bezpecCnostnich pravidel.

KANALIZACNI SBERAC V PRAZE-TROJI,
STABILIZACE VYPUSTI Z OK 4FE

V ramci vystavby tunelu méstského okruhu (Blanka) byla
provedena stabilizace vypusti z OK 4FE DN2000 mm v Praze-
-Troji trubkami GRP DN1600

Obr. 14 Spojovdni trubek GRP — pudorys — Troja, pudorys
Fig. 14 Joining GRP tubes — ground plan — Troja, ground pan

installed tube, it is possible to join the tubes. If a difference in
the levels of the tubes is determined, the levels are rectified by
nuts on the vertical spindle of the front-end carrier.
Subsequently it is possible to join the GRP tubes. The tubes are
shifted into each other using either a winch or another similar
appliance adhering to the safety rules.

INTERCEPTOR SEWER IN PRAGUE-TROJA;
STABILISATION OF OUTFLOW FROM OK 4FE

The outflow from DN2000mm OK 4FE was stabilised within
the framework of the tunnel on the City Circle Road (the Blanka
complex of tunnels) in the Prague district of Troja using 3m long
DN1600 (1556/1638) SN10000 GRP tubes (see Fig. 9). The
weight of one tube is 1,296kg. The existing concrete sewer with
brick cladding was repaired using GRP tubes at the length of
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Obr. 15 ZavdZeni trubek GRP — Dolni Pocernice

Fig. 15 Transporting GRP tubes — Dolni Pocernice




Obr. 16 ZavdZeci vozik pripraven k prepravé bez trubek — Dolni Pocernice
Fig. 16 Transportation carrier prepared for transportation without tubes —
Dolni Pocernice

projizdél s trubkou GRP po rovném podkladu. Na trubku se osadily
ocelové pasnice, které umoznily rozepteni trubky do stropu Stoly.
Toto opatfeni zamezilo vyplavani trubky pri zalévéni prostoru mezi
trubkou GRP a osténim $toly popilkocementovou smési.
Doprava a spojeni trubek GRP

Do trubky se vloZi oba voziky a upevni se pomoci svislych roz-
pérnych stojek. Pfi dikladném dotaZeni trapézovych zdvitt rozpér-
nych stojek jsou oba voziky pevné spojeny s trubkou GRP
a souprava je pripravena k preprave.

Trubky prepravovali tfi pracovnici, jeden fidil a dva vzadu trubku
tla¢ili. Tento zpusob byl nejefektivnéjsi a také bezpecny, po dobu
dopravy se mohli pracovnici mezi sebou dorozumivat a reagovat na
neocekdvané situace.

Spojovéni trubek se provddélo stejnym technologickym zpuso-
bem jako na proplachovacim kandle, zasunuti trubek do sebe se pro-
vadélo bud vritkem, nebo jinym podobnym zafizenim, pii dodrZeni
bezpecnostnich pravidel.

KANALIZACNIM SBERAC ,H“ V DOLNICH POCERNICICH

Pro kanaliza¢ni sbéra¢ v Dolnich PoCernicich byla vyraZena Stola
lichobéZnikového prufezu o plose pif¢ného fezu 3,27 m? v délce
821,8 m. Do stoly byla zavazena trubka GRP DN80O (778,5/819,9)
SN10000 N/m2 dl. 3000 mm, provozni tlak PN 1 (obr. 15).
Hmotnost jedné trubky je 294 kg.

Kanalizace je navrzena ze sklolamindtového potrubi vyrabéného
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392 .4m. The space between GRP tubes and the outflow gallery lining
was backfilled with cinder concrete. A new transportation carriage,
similar to that used at the flushing duct, was developed for transporting
larger-size tubes (see Fig. 10). The transportation and joining princip-
le is presented in Figures 11 — 14.

The concrete bottom of the gallery was cast prior to the transport of
tubes into the gallery to provide a flat base for the passage of the car-
rier with a GPR tube. Steel flanges allowing for the bracing of the tube
against the gallery roof were fixed to the tube. This measure prevented
the tube buoyancy when the space between the GRP tube and the lining
of the gallery was being backfilled with cinder concrete.
Transporting and joining GRP tubes

Both carriers are inserted into the tube and are fixed by means of ver-
tical bracing props. After thorough tightening of the trapezoidal thre-
ads of the bracing props, the two carriers are firmly connected with the
GRP tube and the set is prepared for moving.

The tubes were transported by three workers; one of them provided
steering and two workers at the rear end pushed the tube ahead. This
system was the most effective and also safe. The workers could inter-
communicate and respond to unpredicted situations throughout the
transportation period.

The tubes are joined together using a technological procedure iden-
tical with that used on the flushing duct. The tubes were shifted into
each other either by means of a winch or by means of another similar
appliance adhering to the safety rules.

INTERCEPTOR SEWER “H" IN DOLNI POCERNICE

An 821.8m long trapezoidal profile gallery with the cross-sectional
area of 3.27m? was driven for the interceptor sewer in the Prague
district of Horni Pogernice. GRP DN800 (778,5/819,9) SN10000 N/m?
tubes 3,000mm long, designed for the pressure PN1 (see Fig. 15), were
transported into the gallery. The weight of one tube is 294kg.

Glassfibre reinforced tubes cast centrifugally in layers consisting of
aresin, chopped fibres and quartzose sand are designed for the sssewer.
This material was chosen with respect to the small gradient of 0.39% on
the sewer. The smooth internal surface of the tubes improves the flow
conditions and the water-tightness of the pipeline is safely secured. The
tubes are joined by rubber manchettes placed in a reinforcing GRP ring.
The sections located on curves are carried out from bends with the cent-
ral angle smaller than 30°. The space in the gallery available for the
transportation was larger than in the preceding cases. For that reason
a different principle of the transporting carriage was applied.
Transporting and joining GRP tubes

The design for the carrier was very simple so that its mounting on

the tube did not take long (see Fig. 16). It is fixed to the tube by
a mounting strap; the front-end axle is rotational around a vertical axis.
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jeho montdz na trubku netrvala dlouho (obr.

16). K trubce je upevnén upinacim popruhem,
predni ndprava je oto¢nd kolem svislé osy. Na

Obr. 17 Umisteéni trubek GRP ve §tole — Dolni Pocernice
Fig. 17 Position of GRP tubes in the gallery — Dolni PocCernice
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Obr. 18 Spojovani trubek GRP — Dolni Pocernice
Fig. 18 Joining GRP tubes — Dolni Pocernice

podlahu Stoly byla poloZena vrstva betonu tl. 100 mm, kterd
umoznila snadnou dopravu trubek na misto urceni (obr. 17).
Dopravu trubky provadeéli v tomto pfipadé pouze dva pracovnici.

Vzdalenost Sachtic je 50 m, proto se spojovéani trubek prova-
délo lanovym navijakem (obr. 18). Mezi sousednimi Sachticemi
bylo nataZeno lano od Sachtice k Sachtici a silou lanového navi-
jéku byly trubky do sebe zasunuty. Pro dopraveni voziku do sta-
vebni jamy se predni a zadni vozik spojily v jeden celek. Po ulo-
Zeni trubek se prostor mezi osténim Stoly a trubkou GRP zapl-
nil betonem C12/15.

ZAVER

Na uvedenych prikladech je vidét, Ze zavézet trubky do Stol
malych rozméru je moZné za pomoci specidlnich zavdzecich
vozika. Zvlastni ndvrh a dpravu vyZaduji voziky pro Stoly
s velmi stisnénymi poméry. VyfeSeni technickych problému pfi
ndvrhu voziku se v8ak vyplati, zavdZeni trubek probih4 bez pro-
blému, s minimalnimi ¢asovymi naroky. Obsluha voziku je jed-
noduchd. To zvl4st oceni pracovnici v pripadech, kdy se trubky
zavazi na délku az 400 m. Tento zpusob zavdZeni trubek nevy-
Zaduje Zddné specidlni technologické operace uvnitf §tol, jako
je napriklad zakotveni konzol pro kolejnice do osténi Stoly
a odstranovani kolejnic po zavezeni trubky.

Ing. JAROMIR ZLAMAL, zlamal@pohl.cz,
POHL cz, a.s.

Recenzovali: Ing. Otakar Hasik, Ing. Dana Hadacovd
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A 100mm thick layer of concrete was poured on the gallery bottom to
allow for the easy transportation of tubes to the destination (see Fig.
17). In this particular case, the transport of one tube was carried out
only by two workers.

The spacing of shafts is 50m. For that reason the tubes were joined
using a rope winch (see Fig. 18). A rope was stretched between neigh-
bouring shafts, from shaft to shaft, and the tubes were shifted into each
other by the force of the winch. The front-end carriage and the rear-end
carriage were connected to form one unit. When the placement of the
tubes was finished, the space between the gallery lining and GRP tubes
was backfilled with C12/15-grade cinder concrete.

CONCLUSION

It can be seen on the above-mentioned examples that GRP tubes can
be transported in small-size galleries using special carriers. Carriers for
galleries with very constrained conditions require a special design and
adjustment. Nevertheless, successful solutions to technical problems
are worth it. The transportation of tubes inside galleries proceeds smo-
othly, with minimum consumption of time. The operation of the carri-
ers is simple. This is especially appreciated by workers in the cases
where tubes are transported up to the distance of about 400m. This sys-
tem of transporting tubes does not require any special technological
operation inside the galleries, such as, for example, the anchoring of
brackets for rails to the gallery lining and removing the rails after the
transportation of the tube is finished.
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PROJEKT KOLEKTOR HLAVKUV MOST
HLAVKA BRIDGE UTILITY TUNNEL DESIGN

VACLAV RACEK, JAROMIR ZLAMAL

ABSTRAKT

V nejblizsi budoucnosti se pldanuje rekonstrukce Hldvkova mostu, a proto je nutné preloZit vSechny inZenyrské sité (IS) mimo
most. Bylo navrZeno ulozit IS do podzemi a toto prevedeni Fesi projekt ,, Kolektor Hldvkiiv most“. Kolektor spojuje levy a pravy
breh Vitavy na ndvodni strané mostu. Na trase jsou CtyFri Sachty. Ve spodni &dsti Sachet jsou umistény technické komory, kde se
kiiZi 1S. Nebezpeli proniknuti vitavské vody do kolektoru je Feseno Zumpovni §tolou. Na ostrové Stvanice se na Sachtu napojuje

hloubeny kolektor, ktery se napoji na stavajici kolektory na obou brezich Vitavy bez preruseni jejich provozu.

ABSTRACT

The reconstruction of the Hldvka Bridge is planned for the nearest future and it is therefore necessary to relocate all utility net-
works (UNs) off the bridge. It was proposed that the UNs would be placed underground. This relocation is solved by the “Hldvka
Bridge Utility Tunnel” design. The utility tunnel links the left bank and right bank of the Vitava River on the upstream side of the
bridge. There are four shafts along the route. Technical chambers, in which there are crossings of UNs, are located in the lower
part of the shafts. The danger of the penetration of the Vitava River water is solved by a drainage gallery. A cut-and-cover utili-
ty tunnel is connected to the shaft on Stvanice Island. It will be connected to existing utility tunnels on bothe banks of the Vltava

River without interrupting their operation.

ovob

V souvislosti s pldnovanou rekonstrukci Hlavkova mostu bylo
potfeba vyresit docasné i trvalé preloZeni vSech inZenyrskych
siti, vedenych v tomto most€. Pfi statickém pruzkumu mostni
konstrukce bylo zjisténo znacné opotrebeni vétSiny kliCovych
nosnych prvka mostu. Vzhledem k tomu bude nutno sejmout
celé klenbové pdsy a po rekonstrukci puvodnich pilifi bude
vybetonovdna nové Zelezobetonovd konstrukce nosnych kleneb.
Vzhledové bude dodrZena puvodni pamatkové chrdnénd forma
mostu. Diky nové konstrukci, kterd bude subtilnéjsi a jinak kon-
struk&né usporddand pro té€leso tramvajové trati, nebude mozné
nikdy vrétit puvodni vedeni inZenyrskych siti zpét do mostn{
konstrukce.

Puvodni varianta ndhradni mostni provizorni konstrukce
pouze pro vedeni prelozky vSech inZenyrskych siti je z hlediska
rozsahu a pripadné realizovatelnosti velice nevhodnd, a to
i vzhledem k finanénim aspektim provizorni konstrukee.

Uvedeny C¢lanek popisuje konstrukéni feSeni hlavni trasy
kolektoru Hlavkuv most.

POPIS STAVBY

Stavba kolektoru Hlavkuv most je situalné vedena optimali-
zovanou trasou, zhruba rovnobéznou s osou Hldvkova mostu,
spojujici oba brehy Vltavy a zajiStujici ndhradu vedeni vSech
inZenyrskych siti z t€lesa Hldvkova mostu.

Z pohledu kolektorovych siti bude kolektor Hlavkav most pro-
pojovat dva stavajici kolektory 2. kategorie, a to RNLS (pojme-
novany podle stavby ,, Rekonstrukce ndbrezi Ludvika Svobody “)
a SPHM (pojmenovany podle stavby , Severni predmosti
Hldvkova mostu“). Zaroven touto stavbou dojde k napojeni ost-
rova Stvanice na kolektorovou sit.

Stavba kolektoru Hldvkav most zalind vstupni Sachtou J101
na teéSnovské strané pobliz objektu Ministerstva zemédelstvi, kde
bezprostiredné navazuje na technickou komoru TK101 a nové
navrhovanou kabelovou komoru KK1. V tomto misté, presnéji
u pomniku obétem kolektivizace, je kolektor propojen se stdva-
jicim kolektorem RNLS. Trasa kolektoru pokracuje dile na

INTRODUCTION

It was necessary in the context of the planned reconstruction of
the Hlavka Bridge to solve the temporary and also permanent
relocations of all utility networks installed on this bridge. The
significant wear of the majority of key load-bearing elements of
the bridge was revealed during the work on the structural assess-
ment of the bridge structure. With regard to this fact, it will be
necessary to remove some complete vault elements and, after the
reconstruction of the original piers, a new reinforced concrete
structure of the bridge vault elements will be carried out. As far
as the appearance is concerned, the original historic form of the
bridge will be maintained. Owing to the new structure, which
will be slenderer and structurally arranged for the tram track bed
in another way, it will be never more possible to return the origi-
nal utility networks back to the bridge structures.

The original variant of a substitute temporary bridge structure
designed only for carrying all utility networks to be relocated is
very unsuitable not only from the aspect of the extent and con-
tingent technical viability but also the financial aspects of the
temporary structure.

This paper describes the structural design for the main route of
the Hlavka Bridge utility tunnel.

STRUCTURE DESCRIPTION

The structure of the Hldvka Bridge utility tunnel runs along an
optimised route, roughly parallel to the Hlavka Bridge centre
line, interconnecting both Vltava River banks and ensuring the
relocation of all utility network lines from the Hldvka Bridge.

From the aspect of utility tunnel networks, the Hldvka Bridge
utility tunnel will interconnect two existing, category 2, utility
tunnels, i.e. the RLSE tunnel (named after the construction pro-
ject called “The Reconstruction of Ludvik Svoboda
Embankment”) and the above-mentioned NBHB. At the same
time, this structure will connect Stvanice Island to the utility tun-
nel network.

The Hlavka Bridge utility tunnel structure starts by the J101
entry shaft on the Té$nov side, near the Ministry of Agriculture
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Obr. 1 Situace stavby kolektoru Hldvkiuy most
Fig. 1 Hldvka Bridge utility tunnel construction layout

ostrov Stvanice, kde je situovana Sachta J102 pied restauraci
byvalého zimniho stadionu Stvanice. V parkové &asti ostrova
Stvanice je lokalizovana $achta J103, ze které je vyveden pod-
povrchovy kolektor. Ten je veden napfi¢ pod Hlavkovym mos-
tem smérem k tenisovému stadionu do takové vzddlenosti od
mostu, aby nebrdnil vyvedeni inZenyrskych siti budoucimu sta-
venisti pii rekonstrukci Hldvkova mostu. Na holeSovické strane
Vltavy, za rubem opérné zarubni zdi, je situovdna koncova Sach-
ta J104, kterd je koridorem propojena se stavajicim kolektorem
SPHM a kabelovodem a pokracuje ¢dste¢né az do ulice Nabrezi
kapitdna JaroSe, kde je navrhovana dalsi kabelovd komora KK?2.
Rozsah je uveden na obrazcich (obr. 1 situace, obr. 2 podélny
rez).

Z pohledu technického feseni [1, 2] lze stavbu délit na hlou-
bené a razené useky. Razend Cast ma celkovou délku 411 m
o dvou ruznych pri¢nych fezech. Pfevladajici razeny profil roz-
méru 4,0x5,6 m je ve tvaru obraceného ,,U* a predstavuje vétsi-
nu projektovanych razeb na této stavbé. Druhy profil je ovalné-
ho tvaru, rozméru 8,95x9,70 m a je projektovan v misté technic-
kych komor TK101 a TK103, v délkach 18,87 m a 10,84 m.
Ctyfi Sachty jsou kruhového a ovilného prifezu o ploe vyrubu
28-53 m2 a hloubce 30-37 m. Hloubeny podpovrchovy kolektor
na ostrové Stvanice (rozméru 3,1x3,9 m aZ 5,5x3,9 m) m4d délku
99,6 m. Soucdsti kolektoru jsou také, mimo jiné, i vzducho-
technické objekty a technicky sloZité propojovaci objekty do sta-
vajicich kolektoru ,,SPHM* a ,,RNLS*.

GEOLOGICKE A HYDROGEOLOGICKE PODMINKY

Na geologické stavbé tzemi se podilela vedle erozivni
a akumula¢ni ¢innosti Vltavy odolnost predkvartérniho podkla-
du vudi erozi a denudaci. Pivodni morfologie terénu je narusena
vlivem lidské ¢innosti pri terénnich dpravdch pro vystavbu
nédbieZnich zdi a komunika¢nich systémud na levém i pravém
bfehu Vitavy a ostrova Stvanice. Veobecné Ize geologické
poméry zdjmového dzemi charakterizovat jako pomérné slozité
a znaéné promenlivé [3, 4].

Na zvétralém ordovickém skalnim podlozi lezi fluvidln{ sedi-
menty a navdzky. Z hornin skalnitho podkladu se na tzemi
vyskytuji celkem tfi souvrstvi, zastizend raznymi stupni zvétra-
vani. Na holeSovické strané se vyskytuje souvrstvi letenské, sou-
vrstvi vinické se vyskytuje kolem ostrova Stvanice a posledni,
zdhoranské souvrstvi je na té§novské stran€.

Pfes tato souvrstvi je v drovni pod hladinou podzemni vody
vedena i hlavni trasa kolektoru, kterd tak dvakrat prochdzi roz-
hranim geologickych vrstev a tektonickymi poruchami.

building, where it is attached to the TK101 technical chamber
and the newly designed KK1 cable chamber. In this location,
more precisely next to the monument dedicated to the victims of
collectivisation, the utility tunnel is connected to the existing
RLSE utility tunnel. The utility tunnel route proceeds further to
Stvanice Island, where the J102 shaft is located in front of the
former Stvanice winter stadium. In the island part covered with
a park, there is the J103 shaft, to which a subsurface utility tun-
nel is connected. The tunnel crosses under the Hldvka Bridge in
the direction of the tennis stadium, up to a distance from the brid-
ge not preventing the future construction site for the Hlavka
Bridge for connecting their own utility networks. The J104 end
shaft is located on the HoleSovice side of the Vltava River,
behind the outer face of a retaining wall. The shaft is connected
with the existing NBHB and a cable duct; the corridor partially
continues up to Nabrezi Kapitidna JaroSe Street, where another
cable chamber, KK2, is designed. The extent is presented in pic-
tures (Fig. 1 - layout, Fig. 2 — longitudinal section).

From the aspect of the technical solution [1, 2], it is possible to
divide the construction into cut-and-cover and mined sections.
The total length of the mined part amounts to 411m. There are
two different cross sections designed for the structure. The pre-
valent mined cross-section with the dimensions of 4.0x5.6m has
an inverted U shape; it is designed for a majority of the mined
tunnels on this project. The other cross-section is oval, with the
dimensions of 8.95x9.70m. It is designed for technical chambers
TK101 and TK103 with the lengths of 18.87m and 10.84m, res-
pectively. Four shafts are circular or oval in the ground plan, with
the excavated cross-sectional area of 28-53m?2 and the depth of
30-37m. The cut-and-cover subsurface utility tunnel on Stvanice
Island (with cross-sectional dimensions ranging from 3.1x3.9m to
5.5x3.9m) is 99.6m long. Ventilation structures and technically
complicated interconnection structures leading to the existing
NBHB and RLSE utility tunnels are parts of the utility tunnel.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

Apart from the erosion and accumulation activities of the
Vltava River, the resistance of the pre-Quaternary base to erosi-
on and denudation also participated in the formation of the geo-
logical structure of the area. The original terrain morphology is
disturbed by the effects of human activities during the shaping of
ground for the construction of embankment walls and communi-
cation systems along both Vltava River banks and on Stvanice
Island. The geological conditions in the area of interest can be in
general characterised as relatively complicated and very variab-

le [3,4].
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Obr. 2 Podélny Fez stavby kolektoru Hldvkiiv most
Fig. 2 Longitudinal section through the Hldvka Bridge utility tunnel structure

V roce 2001 byl pod Vltavou dokoncen kabelovy kolektor mezi uli-
cemi Argentinska a Pobfezni. Od kolektoru Hldvkiv most je vzddlen
500 m. Tato stavba byla raZzena v podobnych inZenyrskogeologickych
a hydrologickych podminkéch, jaké budou pfi razbé kolektoru Hldvkav
most. Z hydrogeologického monitoringu, ktery zde byl realizovén,
vyplyvé, Ze celkovy prumérny piitok po vyrazeni dila s primdrnim
vystrojenim dosahoval na Sachté Argentinskd az Q =36,0 L.s! a na jame
Pobrezni Q =400 L.s'. Z analogie namefenych hodnot 1ze na kolekto-
ru Hldvkuv most stanovit celkovy normdlni piftok do dila na
Q=123 Ls" pii prumérném specifickém pritoku 0,03 1.s'.

Zvysené pritoky jsou olekdvané v oblasti pod Vltavou pii razbé
v letenském souvrstvi a v tektonickych poruchdch, kde lokdlné mohou
dosahovat az 20 1.s"'. Maximalni havarijni pritok do dila, pri ¢asteCném
propojeni se zvodnelymi $térky, se odhaduje az na 50-80 Ls™'. Proto
byla pro pripad havérie objednatelem poZzadovana Zumpovni jimka
o objemu 100 m3.

NAVRHOVY PRISTUP K POSOUZENI KONSTRUKCI

Vzhledem k rozsahlému souboru vstupnich podminek byl ndvrh jed-
notlivych konstrukci proveden vzdy jako parametrickd studie, kde bylo
uplatnéno §iroké spektrum moduli deformace i souciniteld boéntho
tlaku. Posouzeni hloubenych i raZzenych Casti pak bylo provedeno obec-
nou deformacni metodou, kde spojitd stfednice byla vzdy nahrazena
polygonem a spolu pusobeni osténi s horninou modelovadno soustavou
kyvnych prutd.

TECHNICKE RESENI

Hloubené Sachty

Kruhové Sachty J101 az J103 jsou feSeny obdobné (Sachta J101 &
6 m, hloubka 32,3 m, Sachta J102 & 8,16 m, hloubka 36,96 m, Sachta
J103 & 6,7 m, hloubka 293 m). Vystavba Sachet zaCind vzdy
z predvykopu o hloubce 1,0-1,5 m. Pak se v predvykopu provedou cca
1,5 m hluboké vodici zidky pro vrtané piloty. Piloty jsou ve vSech pii-
padech navrZzeny jako prevrtivané, pricemz sekundarni piloty jsou
oproti primdrnim vyztuZené armokosi. Piloty budou vzdy vetknuty
min. 1 m do tnosného podloZi.

Po provedeni pilot bude ndsledovat postupné odtéZovani Sachet za
soucasné tvorby provizorniho osténi v tl. 70-210 mm.

Paty vrtanych pilot budou ve dvou drovnich pfikotveny svorniky dl.
4 m s tlakovou injektai. Prvni fada svorniku je 0,5 m nad patou piloty,
druhd fada je 1,5 m nad patou piloty, pficemZ kazdy svornik bude
odklonén horizontdlné i vertikdlné o + 15°.

Pod patami pilot bude provedeno primérni osténi z piihradovych nos-
niki BRETEX obdélnikového prifezu v osové vzdalenosti 1,5 m
a stfikaného betonu v tl. 200 mm.

The weathered Ordovician bedrock is covered with fluvial sedi-
ments and made ground. Of the bed-forming rock types, there are
three formations in the area, which were encountered in various
degrees of weathering. On the HoleSovice side, there is the Letnd
formation; the Vinice formation is around Stvanice Island and the
last one, the Zahorany formation, is on the TeéSnov side.

The main route of the utility tunnel runs through these formati-
ons under the water table. The route therefore passes twice through
an interface between geological formations and through weakness
zones.

The cable tunnel between Argentinskd and Pobrezni Streets was
finished under the Vltava River in 2000. It runs at a distance of
500m from the Hlavkuv Bridge utility tunnel. This tunnel was dri-
ven through engineering geological and hydrogeological conditi-
ons similar to the conditions to be encountered during the driving
of the Hlavkav Bridge Utility Tunnel. It follows from the hydroge-
ological monitoring which was carried out in this location that the
total average inflow to the tunnel after the completion of the pri-
mary lining of the Argentinskd and Pobtezn{ shafts amounted up to
Q=36.0ls"and Q =40.0Ls"!, respectively. It follows from the ana-
logy of the measured values that the total normal rate of inflow to
the Hldvka utility tunnel to be Q = 12.31.s"! at the average specific
inflow rate of 0,031.s".

Increased inflow rates are expected in the area under the Vltava
River when the tunnel is driven through the Letna formation and
through faults, where they can locally reach up to
201.s!. the maximum emergency rate of the inflow to the tunnel is
estimated to be up to 50-80L.s!. For that reason the project owner
required a sump with the volume of 100m? in case of a breakdown.

DESIGNER APPROACH TO THE ASSESSMENT
OF STRUCTURES

With respect to the extensive set of input conditions, the design
was always carried out as a parametric study for individual structu-
res, where a wide range of moduli of deformation and coefficients
of side pressure were applied. The assessment of the cut-and-cover
and mined parts was subsequently carried out using a general defor-
mation assessment method, where the continuous centre line was
always replaced by a traverse and the interaction between the lining
and ground was modelled by a system of swinging beams.

TECHNICAL SOLUTION

Shaft sinking

Circular shafts J101 through to J103 are solved in a similar way
(shaft J101: 6m in diameter, 32.3m deep; shaft J102: 8.16m in dia-
meter, 36.96m deep; shaft J103: 6.7m in diameter, 29.3m deep).
The construction of the shafts always starts from
a 1.0-1.5m deep pre-excavated pit. Subsequently, ca 1.5m deep
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V projektu je ve vSech Sachtdch navrzeno opatieni proti sedani kon-
strukce, cca 1 m pod patou pilot se vybetonuje rozsifujici prstenec.
Zelezobetonovy prstenec mé po celém obvodé provizorni konstrukce
vyloZeni cca 1 m za vnéjsi lic primarniho osténi s vyztuZenim tak, aby
se mohlo v budoucnu propojit s definitivnim osténim.

Po dokonceni betonové desky na dné Sachty s vioZenim KARI sit{ pri
obou povrSich a vytvoreni odvodnovaci jimky 1500/1500/
2000 mm je primarn{ konstrukce Sachet kompletni.

Rozrazky z jednotlivych Sachet do trasy kolektoru jsou kolem U-por-
tdlu zajiStény svislymi prevazkami v $itce 1 m ze stifkaného betonu
s vlozenou KARI siti. Pfevdzky jsou prikotveny svorniky v délce 4 m
s tlakovou injektdzi s odklonem + 15° v horizontdlni roviné tak, aby
nezasahovaly do trasy budouci razby. Hlava kotev bude vzdy zarover
opatfena podkladni roznaseci deskou. Tyto svorniky jsou navrzeny
i nad klenbou budouci rozrézky. Teprve po tomto zaji$téni bude mozné
zahdjit razbu.

V mistech, kde bude definitivni konstrukce prechdzet v jinou tuhost,
napriklad pfi prechodu ze Sachty do hlavni trasy kolektoru, budou pro-
vedeny injektdZe sektorovym zpasobem pro odstranéni piipadnych
netésnosti. Pracovni spdry budou utésnény spdrovymi pdsy
z mékéeného polyvinylchloridu.

Sachta J104 se li§i ve dvou detailech oproti predchozim tiem Sach-
tdm. M4 elipsovity tvar o rozméru hlavnich os 6,42x5,68 m a hloubku
322 m. Lisi se také v zajiSteni ohlubné jamy tryskovou injektazi
v predepsaném sméru a sklonu, kterd ma zajistit bezpe¢né zahajen{
hloubeni jimy v blizkosti pobrezni opémé zdi a kolektoru SPHM.
Postup vystavby i dimenze ostén{ zustdvajf stejné jako v predchozich
pripadech.

Kazd4 Sachta byla posouzena ve stadiu vystavby a ve stadiu defini-
tivni konstrukce. Pro ndvrh a posouzeni definitivnich konstrukei byl
zapoCitdn, oproti provizornimu osténi, vliv hydrostatického tlaku (v cel-
kovém navrhu je uvaZovéan vliv hydrostatického tlaku pfi stoletém pru-
toku Vltavy).

Hloubené kolektorové trasy

Pro zajisténi otevieného vykopu byly navrZeny ocelové §tétovnice
Larsen IVn. Stétovnice budou zaberanény az do tinosné vrstvy, tj. aZ
na rozhrani rozloZenych a zvétralych vinickych bridlic. Jako podklad
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guide-walls for bored piles are carried out. The piles are in all cases
designed as secant piles, with the secondary piles, in contrast to the
primary piles, provided with reinforcement cages. The piles will
always be keyed at least 1m into the good bearing ground.

Gradual excavation of the shafts with the concurrent installation
of the temporary 70-210mm thick lining will proceed after the
completion of the piles. The toes of the secant piles will be ancho-
red at two levels with 4m long hollow groutable rock bolts. The
first tier and the second tier of rock bolts are 0.5m and 1.5m above
the pile bottom, respectively. Each rock bolt will be inclined both
horizontally and vertically by + 15°.

A primary lining formed by rectangular-profile BRETEX lattice
girders installed at 1.5m spacing and a 200mm thick layer of
shotcrete.

A measure against the settlement of the structure is proposed for
all shafts in the design — a width-enlarging reinforced concrete ring
cast approximately 1m under the pile toes. The reinforced concrete
ring reaches out around the entire circumference of the temporary
structure about 1m beyond the outer surface of the primary structu-
re so that it can be connected with the final lining in the future. The
reinforcement is installed in a way allowing the temporary lining to
be interconnected with the final lining.

When the concrete slab on the shaft bottom reinforced with two
layers of KARI mesh installed at both surfaces and a drainage sump
1,500/1,500/2,000mm are finished, the primary linings of the shafts
are complete.

The openings leading from individual shafts to the utility tunnel
route are supported around the U-portal with Im wide vertical
walers made from shotcrete reinforced with KARI mesh. The
walers are anchored with 4m-long hollow groutable rock bolts, inc-
lined + 15° from the horizontal plane so that they do not interfere
with the route of the future excavation. Rockbolt heads will always
be provided with faceplates. The rock bolts are in addition designed
to be installed above the vault of the future tunnel stub. The tunnel
excavation will be allowed to commence only after the installation
of this support.

Sector grouting will be carried out in the locations where the
stiffness of the final structure will change, for example at the tran-

sition from the shaft to the

i f’.i‘;

main route of the utility tunnel,
with the aim of removing con-
tingent leaks. Construction
joints will be sealed with plas-
ticised polyvinyl chloride
waterbars.

Shaft J104 differs from the

stiikany beton SB 25/typ | / obor J2
shotcrete SB25 / J2 class

Obr. 3 Statické schéma a charakteristicky pricny rez kolektorovou trasou

Fig. 3 Structural diagram and characteristic cross-section through the utility tunnel route
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Obr. 4 Vizualizace kolektoru Hlavkity most
Fig. 4 Visualisation of the Hldvka Bridge utility tunnel

pro vodotésné izolace budou §tétovnice po celé vySce vykopu opatre-
ny vrstvou z betonu v tl. 150 mm, vyztuZenou pri vnitinim povrchu
z KARI siti. Vrstva z betonu bude provedena i na dné vykopu v tl. 250
mm, pfi¢emZ bude opétovné vyztuZena pii vnitrnim povrchu KARI
siti. Pro spravnou statickou funkei bylo nutné stétovnice skrz betono-
vou vrstvu rozeprit. V mist¢ budoucich rozper je v betonu skryty Zele-
zobetonovy nosnik 150/300 mm vyztuZeny pii obou povrsich. V osové
vzdélenosti 5 m je do skrytého nosniku ukotvena a zabetonovédna oce-
lové roznaseci deska. V mistech téchto desek budou nasledné instalo-
vany ocelové rozpéry z ocelovych trubek.

Definitivni konstrukce kolektoru je navrzena jako uzavieny komo-
rovy profil o tl. stény/desky 350 mm v celé délce profilu (vetne
komor). Zakladn{ trasa je navrZzena v profilu 3,10x3,90 m, prubéZnd
komora v profilu 3,95x4,35 m a nejvetsi koncovd komora v profilu
5.50x3.90 m.

Vzhledem k tomu, Ze nelze u ostrova Stvanice vylouit zatopent,
byla hloubena ¢ast kolektoru posouzena na ,,vyplavani*, tedy na stav,
kdy je vztlakova sila vétsi, nezZ hmotnost kolektoru. Na zdklade téchto
posudku bylo v mistech komor (prubéZné a koncové) navrZeno priti-
Zeni betonovymi deskami v tl. 1,0 a 1,1 m na celou $itku profilu. Celd
trasa podpovrchového kolektoru bude na zadost objednatele opatiena
asfaltovou hydroizolaci.

Na prechodu mezi definitivni konstrukei Sachty J103 a hloubené
trasy kolektoru bude provedena dilatacni spara. Pfi betondzi kolektoru
jsou navrzeny dvé trovné pracovnich spar (v mist¢ nad podlahou a pod
stropem). Pro eliminaci vzniku bludnych proudu je navrzeno nékolik
preruseni betonérské vyztuze.

Razené kolektorové trasy

Hlavni kolektorova trasa prochdzi proménnym geologickym pro-
stfedim a geologickymi zlomy, nelze proto vyloucit pfitomnost hydro-
statického tlaku. V projektu jsou uvaZovdny dodate¢né prizkumné
préce pred kazdou razbou. Vrty v délce 20 m odhali mista oslabenych
z6n, geologickych poruch a mista s hor§imi geotechnickymi paramet-
ry. Definitivn{ osténi bylo proto na rozdil od provizorniho osténi ve
vypoctu zatizeno hydrostatickym tlakem na cely profil, tj. véetné desky
dna profilu. V navrhu je uvazovan vliv hydrostatického tlaku pfi stole-
tém prutoku Vltavy.

Charakteristicky profil hlavn{ trasy byl posouzen ve &tyfech vytipo-
vanych mistech se zndmou geologii (vedle Sachet 101-104). Vypocet
zatiZzeni na provizorni i definitivn{ konstrukci byl proveden na zdkladé
hypotézy vzniku horninové klenby podle Protodjakonova [5, 6]. Ve
vSech posuzovanych pripadech bylo ovéfeno, Ze horninova klenba
vznikne a bude zasahovat do bridlic prevazné nezastizenych, nebo jen
mime dotéenych zvétravajicimi procesy. Uvazované statické schéma

v

a charakteristicky pri¢ny fez jsou zobrazeny na obr. 3.
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Each shaft was assessed both in the construction and final lining
stages. In contrast with the design for the temporary lining, hydro-
static pressure was taken into account for the purpose of designing
and assessing the final lining (the influence of hydrostatic pressure
is taken into consideration in the overall design only in the case of
thel in 100 years flow rate in the Vltava River).

Cut-and-cover utility tunnel routes

Larsen IVn steel sheet piles were designed for the support of the
open cuts. The sheet piles will be driven down to the competent
layer, i.e. up to the interface between decomposed and weathered
Vinice shale. The sheet piles will be provided with a 150mm thick
layer of shotcrete reinforced with KARI mesh at the inner surface.
The layer is designed to provide sub-grade for the waterproofing
layer. A 250mm thick shotcrete layer reinforced at the inner surfa-
ce with KARI mesh will be even applied to the excavation bottom.
To ensure proper structural function, it was necessary to brace the
sheet piles through the concrete. A 150/300mm concrete beam rein-
forced at both surfaces is concealed in the concrete in the location
of the future braces. A steel spreading plate is anchored and embed-
ded in the concealed concrete beam at Sm spacing. Steel braces
(steel tubes) will be subsequently installed on these plates.

The final utility tunnel lining is designed as a closed chamber
profile with the wall/slab 350mm thick throughout the profile
length (inclusive of the chambers). The basic route and the inter-
mediate chamber profiles are designed to be 3.10x3.90m and
3.95x4.35m, respectively; the profile designed for the largest end
chamber is 5.50x3.90m.

Taking into consideration the fact that inundation cannot be exc-
luded in the case of Stvanice Island, the cut-and-cover part of the
utility tunnel was assed for buoyancy, i.e. for the state when the
uplift force is greater than the utility tunnel weight. Based on these
assessments, 1.0 and 1.1m thick concrete slabs covering the whole
width of the profiles were designed to provide a surcharge load in
the locations of the chambers (both intermediate and end ones). The
whole route of the subsurface utility tunnel will be provided with
asphalt waterproofing at project owner’s request.

An expansion joint will be carried out at the transition between
the final liner of J103 shaft and the cut-and-cover route of the utili-
ty tunnel. Two levels of construction joints are designed to be car-
ried out during the casting of the concrete utility tunnel structure
(above the floor and under the roof). Several interruptions of the
concrete reinforcement bars are designed for the purpose of the eli-
mination of the origination of stray currents.

Mined utility tunnel routes

The main utility tunnel route passes through a variable geologi-
cal environment and geological faults. It means that the presence of
hydrostatic pressure cannot be excluded. Supplementary survey
operations to be carried out ahead of each heading are assumed in
the design. Boreholes 20m long drilled out of the excavation face
will discover weakness zones, geological faults and locations with
worse geotechnical parameters. In the design, the final lining was,
in contrast to the temporary lining, loaded by hydrostatic pressure
acting on the whole profile, i.e. inclusive of the profile bottom slab.
The influence of the hydrostatic pressure acting during a 1 in 100
years rate of the VItava River flow.

The characteristic profile of the main route was assessed in four
tipped locations with well-known geology (next to 101-104 shafts).
The calculation of loads acting on the temporary and final linings
was carried out on the basis of the Protodjakonov natural rock arch
development hypothesis [5, 6]. It was verified in all cases being
assessed that the natural rock arch will develop and will extend into
shales unaffected by weathering processes or only slightly affected
by them. The structural diagram taken into consideration and
a characteristic cross-section are presented in Fig. 3.
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Razba je vzhledem k ndro¢nym podminkam geologického prostiedi,
ale i vzhledem k technologickym moZnostem navrzena a posouzena na
dvé vyskové ldvky s horizontdlnim ¢lenénim vyrubu (¢dstecny profil,
tj. 40x3,5 m a plny profil 4,0x5,6 m) a s ¢asovym oddélenim jejich
provadéni (odvislé od délek zabért — tj. min. 6 m a max. 20 m na kaz-
dou lavku v podélném smeru).
Proto je provizorni konstrukce navrzena ze stfikaného betonu
s vloZenymi KARI sitémi pri obou povrsich a vloZenych prihradovych
rdmt BRETEX trojihelnikového tvaru v osové vzdalenosti odpovida-
jicf konkrétnim geotechnickym podminkdm:
e v letenském souvrstvi v osové vzdalenosti 1,2 m;
¢ ve vinickém souvrstvi v osové vzdalenosti 1 m;
e v zdhoranském souvrstvi v osové vzddlenosti 1 m.
Trasa kolektoru prochdzi geologickymi zlomy, a proto, na rozhrani
jednotlivych souvrstvi, jsou v téchto mistech uvazovana nasledujici
opatreni:
e Pro zajisténi klenby bude ve sméru razby v celkové délce
10 m (5 m pred a 5 m za predpokladanym geologickym zlomem)
v kazdém druhém rdmu zajiSténa klenba svorniky
dl. 4 m s odklonem 15° v podélném sméru s tlakovou injektdzi.
Osovd vzdalenost svorniku v klenbé je 0,6 m.

* Osovd vzddlenost rima BRETEX je v misté zloml zmensena na
0,8-1,0 m.

Mezi $achtami J101 a J102 se kolektor priblizuje pomérné blizko
k zdkladam opéry Hldvkova mostu. V tomto misté je k zajistén{ mini-
mélnich poklest opéry Hldvkova mostu navrzeno zdvojeni prihrado-
vych rdma BRETEX v osové vzddlenosti 1 m.

V profilu se uvazuji dve drovné pracovnich spar (v misté nad deskou
a pod patami klenby) a jako opatieni proti bludnym proudam je v trase
navrzZeno preruSeni vyztuze. Vizualizace na obr. 4 zndzormuje jednotli-
vé typy osténi véetné definitivniho vystrojeni ocelovymi vyloZniky.
Razené technické komory

Ke statickému posouzeni pri¢nych profili technickych komor bylo
pristoupeno identicky jako u charakteristického profilu hlavni trasy
(viz statické schéma a charakteristicky pri¢ny fez technickou komorou
na obr. 5).

Vystavba provizorniho osténi je navrZena na horizontdlni ¢lenéni
a je posuzovdna ve trech stadiich vystavby.

Technicka komora TK101 ma navic oproti TK103 atypicky tvar,
ze Sachty J101 dochézi k postupnému rozsirovani profilu. Prechodové
profily jsou proto navrZeny ve tfech raznych geometriich — z tvaru
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With respect to the demanding conditions of the geological envi-
ronment, but also with respect to technological capacities, the tun-
nel excavation is designed and assed to be divided into two benches
— the partial profile 4.0x3.5m and the full profile 4.0x5.6m (the so-
called horizontal excavation sequence), with the excavation of the
parts divided in time (depending on the duration of excavation
rounds — the minimum and maximum distances between upper and
lower excavation faces of 6m and 20m, respectively).

The temporary lining is for that reason designed to be in shotcre-
te with KARI mesh at both surfaces and triangular BRETEX latti-
ce girders installed at the spacing corresponding to the particular
geotechnical conditions:

* 1.2m spacing in the Letnd formation;

* 1m spacing in the Vinice formation;

e 1m spacing in the Zdhotany formation.

The utility tunnel route passes through geological faults; the fol-
lowing measures are for that reason assumed at the interfaces bet-
ween individual formations:

 To stabilise the vault Sm before and 5m behind the expected

geological fault (the aggregate length of 10m) , there will be
4m long groutable rock bolts inclining in the longitudinal
direction at an angle of 15° installed at each other girder. The
rock bolts in the crown are installed at 0.6m spacing.

¢ Axial spacing of BRETEX girders in the locations of faults is

reduced to 0.8-1.0m.

Between the J101 and J102 shafts the utility tunnel gets relative-
ly close to the foundations of the Hlavka Bridge abutment.
Doubling of the BRETEX lattice girders (axial spacing of 1m) is
designed for these locations to secure minimum subsidence of the
Hlavka Bridge abutment.

Two levels of construction joints are assumed for the profile (in
the location above the slab and under the vault springing) and, as
a measure against stray currents, the interruption of reinforcement
bars is designed along the route. The visualisation in Fig. 4 shows
individual types of the lining, inclusive of the final support with
steel cantilevers.

Mined technical chambers

The approach to the structural assessment of the cross-sections of
technical chambers was identical with the approach adopted to the
characteristic cross-section of the main route (see the structural dia-
gram and the characteristic cross-section through the technical
chamber in Fig. 5).

The horizontal excavation sequ-

statické schema
definitivni osténi
secondary 2
lining structural e - & ;
diagram L

ence is proposed for the constructi-
on of the temporary lining. It is
assessed in three construction sta-

statické schema

primarni osténi
primary
lining structural
diagram £es.

The TK101 technical chamber
has an atypical shape in compari-
son with the TK103 chamber - the
cross-section width gradually inc-
reases from the J101 shaft. Three
different profiles are therefore

designed for the transition profiles

- transition from the initial profile
with straight sidewalls up to the
oval geometry of the characteristic
profile of the technical chamber.
The initial transition profile (the
profile with straight sidewalls),
which is supported with 4m long
groutable rock bolts installed at 1m
spacing, is technically most

Obr. 5 Statické schéma a charakteristicky pricny rez technickou komorou

Fig. 5 Structural diagram and characteristic cross-section through the technical chamber

demanding. The design proposes
that 25 rock bolts are used at the
initial transition frame. The rock
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pocate¢niho profilu s rovnymi boénimi opérami az do ovalného tvaru bolts will be again spatially inclined at + 15° not to interfere with
charakteristického pti¢ného profilu technické komory. other transition profiles. The temporary lining is designed to con-

Technicky nejslozitéjsi je prvni prechodovy profil (profil s rovnymi sist of BRETEX lattice girders installed at 1m spacing and shotcre-
bo¢nimi opérami), ktery je zajistén svorniky dl. 4 m v osové vzdale- te with KARI mesh at both surfaces.

nosti 1 m s tlakovou injektdZn{ smési. Projekt navrhuje pouZiti 25 svor-
nikt na prvni prechodovy ram. Svorniky budou opét prostorové odklo-
nény o + 15° tak, aby nezasahovaly do dal§ich prechodovych profilu.
Provizorni konstrukce je navrZena z pithradovych rdmi BRETEX
v osové vzdélenosti 1 m a stifkaného betonu se sitémi KARI pfi obou
povrsich.

Provizorni konstrukce

Primdrni konstrukce vSech Sachet a charakteristickych kolektoro-
vych tras budou provedeny ze stiikaného betonu SB25/typ Il/obor J2.
U technickych komor je pak pouZita tfida stifkaného betonu SB30/typ Final linings

Temporary linings

The primary lining of all shafts and characteristic utility tunnel
routes will be carried out using SC25/type 1I/J2 class shotcrete.
SC30/type II1/J2 class shotcrete will be used for technical cham-
bers.

Concrete reinforcement respects the different loads acting on
individual parts of the utility tunnel. The designed concrete cover
thickness of 25mm is always maintained.

II/obor J2. Concrete cover thickness of 50mm, concrete grade C30/37 and

VyztuZeni respektuje odlisné zatizeni jednotlivych Casti kolektoru, | tie-up reinforcement are contemplated for all profiles; the reinfor-
pri dodrzeni projektované tloustky kryci vrstvy 25 mm. cement is calculated individually. The thickness of the final lining
Definitivni konstrukce of 300mm is designed for all shafts. Concrete will be reinforced

with KARI mesh at both surfaces. During the construction of the

U vSech profild je uvazovdno kryti vyztuze 50 mm, tiida betonu ' M : - k o
final lining its structure will be tied up with the shaft lining settle-

C30/37, vazana vyztuz pro jednotlivé profily je podle téchto podminek

upravena. Definitivni konstrukce hloubenych Sachet je navrzena ve | mMent-preventing structure.

viech Sachtéch tl. 300 mm a je vyztuzena KARI sitémi pfi obou povr- The reinforcement of individual profiles of the cut-and-cover uti-
Sich. Pfi tvorbé definitivniho osténi dojde k provdzani s konstrukei | lity tunnel route varies and its design corresponds to their sizes and
zabranujici seddni osténi Sachty. the imposed load. The lining on the main utility tunnel route is

VyztuZeni jednotlivych profili hloubené kolektorové trasy se lisi 350mm thick; the lining of technical chambers is also 350mm
a odpovida jejich velikosti a uzitnému zatizeni. Tloustka osténi hlavn{ thick.
kolektorové trasy je 350 mm. TlousStka osténi technickych komor je
taktéz 350 mm. CONCLUSION

The Hlavka Bridge Utility Tunnel construction can be rated as

ZAVER geotechnical category 3 — a demanding construction in complicated
Stavbu kolektor Hldvkuv most lze zaradit do 3. geotechnické kate- geotechnical conditions.
gorie — ndrond stavba ve sloZitych geotechnickych podminkach. Despite the fact that it cannot be compared, for example, with the

Ackoliv se stavba nemuZe velikosti poméfovat napiiklad s neddvno
realizovanym tunelem Blanka ¢i prodlouzenim trasy metra V.A, je
tieba si uvédomit, Ze rizika, na kterd lze v prubéhu realizace narazit,
jsou podobna:

recently completed Blanka complex of tunnels or the extension of
metro line V.A, it is necessary to realise that the risks which can be
encountered during the construction are similar:

g e driving tunnels under the VItava River bed;
* razba pod kovrytem Vliavy; . . e expected inflow rates up to 20l.s°'; permanent inflow rates of
e ocekdvané pritoky az do 20 L.s”!, v pripadé ¢dste¢ného propojeni

N . ey " 50-801.s"! in the case of partial interconnection with water-bea-
. PR P g o
se zvodnélymi fluvidlnimi $térky trvalé pritoky 50-80 1.s°1; ring fluvial gravels:

e zvodnélé Sterky v nadloZi; . .
* trasa kolektorli] prochdzi tektonickymi poruchami na styku sou- * water-bearing gravels in the overburden;
e the utility tunnel route passes through tectonic faults at the

VIStV ) ) ) .
e trhaci prace — obtizné rozpojitelné souvrstvi letenské ve tr. 6 a 7. 1nterface betwefen formations; ) )
e blasting operations — the hard to excavate Letnd formation

Pii realizaci kolektoru Hldvkav most tak bude rozhodujici prede- >
categorised as classes 6 and 7.

v§im vysoka technologickd kadzen a zkuSenost provadéci firmy ) i e D¢ ) .
s podobnymi stavbami. High technological discipline and experience of the construction

contractor with similar projects will be therefore crucial during the
Ing. VACLAV RACEK, racek@ingutis.cz, realisation of the Hldvka Bridge utility tunnel.
Ing. JAROMIR ZLAMAL, zlamal@ingutis.cz,

INGUTIS, spol. s r.o. Ing. VACLAV RACEK, racek@ingutis.cz,
Ing. JAROMIR ZLAMAL, zlamal@ingutis.cz,
Recenzovali Ing. Kamil Novosad, Ing. Miroslav Kochdnek INGUTIS, spol. s r.o.
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DOKUMENTACE A NAVRHY ZAJISTENI NESTABILNICH PODZEMNICH
PROSTOR ZNOJEMSKEHO PODZEMI

DOCUMENTATION AND PROPOSALS FOR SECURING INSTABLE
SPACES OF ZNOJMO UNDERGROUND

RICHARD SKOPAL, JAROSLAV RYSAVKA

ABSTRAKT

Predklady ¢lanek pojedndvd o geologické dokumentaci, geotechnickém zhodnoceni a ndvrhu zajisténi nestabilnich podzemnich prostor, které
se nachdzeji pod historickou ¢dsti mésta Znojma. Nestabilita podzemnich vyrubu se na vétsiné dokumentovanych mist projevila minimdlné drob-
nymi opady kusii zvétralych hornin, v nékterych pripadech doslo az k zdvalim zcela rozvétralych krystalickych hornin dyjského masivu. Tato
mista byla podrobena geologické dokumentaci, geotechnickému zhodnoceni a ndvrhiim sanacnich opatieni. Terénnimi pracemi zde byl ovéren
vysoky stupeit alterace metamorfovanych a granitoidnich hornin, proto zde bylo navrZeno jejich zajisténi kombinaci krdtkych svornikii s apli-
kaci zpeviiovace kamene. V pripadé podzemnich prostor, které byly zajistény nestabilnim cihlovym osténim, bylo navrZeno zpevnéni zdiva injek-
tovdnim a v pripadé naruSeného betonového osténi bylo navrzeno zpevnéni kombinact krdtkych svornikii se strikanym betonem.

ABSTRACT

The submitted paperdeals with the geological documentation, geotechnical assessment and proposals for securing instable underground spa-
ces existing under the historic part of the town of Znojmo. The instability of the underground excavated spaces manifested itself on the majority
of the documented locations by minor flaking of weathered rock or, in some cases, even collapses of completely weathered crystalline rock for-
ming the Dyje Massif. These locations were subjected to geological documentation, geotechnical assessment and proposals for rehabilitation mea-
sures. The field work confirmed the high degree of the alteration of the metamorphosed and granitic rock in this location. For that reason a com-
bination of nailing with the application of stone strengthener was proposed for the stabilisation. In the case of underground spaces supported with
instable brick lining, it was proposed that the brick lining would be consolidated by grouting; in the case of disturbed concrete lining a combi-

nation of nailing and applying shotcrete was proposed.

uvoD

V ramci realizace stavebni zakazky — ,,Adrenalinové trasy zno-
Jjemského podzemi** byla v tinoru a bfeznu roku 2013 provadéna
geologickd dokumentace vybranych ¢asti znojemského podzemi.
Konkrétné se jednalo o jedendct rizikovych nestabilnich pod-
zemnich prostor, které byly nalezeny stavebnimi techniky. Tato
nestabilni mista byla pracovniky strediska geotechnickych pru-
zkumt podrobena geologické dokumentaci, geotechnickému
zhodnoceni a ndvrhu sanacnich zdsahu. Z celkem jedendcti
nestabilnich podzemnich vyrubi bylo osm bez osténi.
V ostatnich pripadech byl vyrub zajistén zvétralym cihlovym
zdivem a v jednom pripadé porusenym betonovym osténim.
Predkladany ¢lanek je rozdélen do tri ¢dsti. Prvni se zabyva his-
torii znojemského podzemi a geologii zdjmového prostoru.
Druhé prezentuje metodiku a vysledky geologické dokumentace
a geotechnického zhodnoceni nestabilnich mist znojemského
podzemi pro potreby ndvrhu sanaénich praci. Treti ¢dst predkla-
dd ndvrhy sanacnich feSeni nestabilnich podzemnich prostor.
Zajmova oblast znojemského podzemi, ktera byla predmétem
geologické dokumentace, se nachdzi pod historickou ¢asti mésta
Znojma. Padorysné se jednd zhruba o plochu omezenou na seve-
ru DiviSovym ndméstim, na jihu ulici Zame¢nickou, na zdpade
zapadnim okrajem Horntho ndmésti a ulici Zelenarskou, na
vychodé je dand oblast priblizné soubéznd s linii ulic Dolni
a Horni Ceskd (obr. 1).

HISTORIE ZNOJEMSKEHO PODZEMI

Nejstar$i zminka [1] o mésté Znojmé nad fekou Dyji je z roku
1046, tehdy se jednalo pouze o vojenskou pevnost se tfemi hlav-
nimi branami, s opevnénim, hlavnim ndmeéstim a komunikacemi.
Roku 1226 bylo Znojmo povySeno na krdlovské mesto listinou
krdle Premysla Otakara I, kdy byl ddn zdklad k dspésnému roz-
voji nejvyznamnéj$iho mésta u jizni hranice Moravy.

INTRODUCTION

The geological documentation of selected parts of the
Znojmo Underground was carried out within the framework
of the “Adrenaline routes through the Znojmo Underground”
project in March 2013. In concrete, building technicians
identified eleven risky instable underground spaces. These
instable locations were subjected to geological documentati-
on, geotechnical assessing and proposing rehabilitation
interventions to be carried out by workers of the Centre of
Geotechnical Investigation. Eight of the eleven instable
underground spaces had no lining. In the other cases the
excavated openings were supported by weathered brick
lining and, in one case, by disturbed concrete lining. The
submitted paper is divided into three parts. The first of them
deals with the history of the Znojmo Underground and the
geology of the space in interest. The other one presents the
methodology and results of the geological documentation
and geotechnical assessment of instable locations of the
Znojmo Underground for the needs of the design for the
rehabilitation work. The third part presents proposals for
rehabilitation solutions for the instable underground spaces.
The part of the Znojmo Underground of interest that formed
the subject of the geological documentation is found under
a historic part of the town of Znojmo. In the ground plan, the
area is roughly delimited by DiviSovo Square in the north,
Zamecnickd Street in the south, the western edge of Horni
Square and Zelendarska Street in the west; in the east, the eas-
tern border is roughly parallel to the line given by Dolni and
Horni Ceska Streets (see Fig. 1).

ZNOJMO UNDERGROUND HISTORY

The oldest mention of the town of Znojmo on the Dyje
River is dated 1046. At that time it was only a military
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fortress with three main gates, fortification, the
main square and roads. In 1226 Znojmo was ele-
vated to a royal town by the Charter of King
Premysl Otakar 1. The charter gave the basis for
the successful development of the most important
town at the southern border of Moravia.

The historic development of the town culmina-
ted in the 14th century, when the number of stone
buildings and streets was further expanded.
Underground spaces were also built for burgher
houses. This term covers a system of mined galle-
ries, which originally formed lower levels of cel-
lars of living houses. The Znojmo Underground
belongs among unique historic monuments not
only in the Czech Republic but also within the fra-
mework of Central Europe.

The spaces were developed gradually, depen-
ding on the ability of burghers. In the beginning,
minimum separated underground openings having
the character of cellars were probably excavated.
Later the cellars were expanded and interconne-

legenda - legend

z&jmova oblast .
c: 5|‘:l 1|DD 1|50 2|DD D area of interest cted, probably for the purpose of developing
stavajci verejna trasa a drainage system, the so-called Jesuit Water
MERITKO / SCALE “\~~ existing public route

Duct.

1o dokumentani bod L . o
In the beginning, the capacity of existing cellars

documentation point

Obr. 1 Situace zdjmového prostoru s vyznacenim dokumentacnich bodi

Fig. 1 Situation of the space of interest with documentation points marked in it

Historicky rozvoj mésta vyvrcholil ve 14. stoleti, kdy doslo
k rozsiteni poctu kamennych budov a ulic. K méStanskym
domum byly budovény i podzemni prostory. Pod timto pojmem
je zahrnovén systém raZenych Stol, tvoricich pavodné nizsi drov-
né sklept obytnych domi. Znojemské podzemi patif k unikdtnim
historickym pamétkdm nejen u nds, ale i v ramci stfedni Evropy.

Tyto prostory vznikaly postupné podle moznosti a potfeb més-
tanu. Zpod&atku se pravdépodobné jednalo o vyruby minimélniho
a separovaného rozsahu charakteru sklept. Pozdéji dochdzelo
k jejich roz8irovdni a propojovani, a to pravdépodobné za icelem
vybudovéni odvodnovaciho systému, tzv. jezuitského vodovodu.

V pocitcich dochédzelo pouze k mirnému rozsirovani kapacity
stdvajicich sklepu jednotlivych méstanskych domu. Tato &innost
byla zpoc¢édtku pravdépodobné plné v kompetenci samotnych
méstana. Pozdéji, kdyZ se zacaly podzemni prostory rozsifovat
a prohlubovat, byli méstané nuceni prizvat odborniky pro tuto
&innost, ktefi déle pokracovali v hloubeni hornickym zpusobem
razby odpovidajicim tehdejsi dobé. Jednalo se pravdépodobné
o jihlavské a kutnohorské havire.

GEOLOGICKA CHARAKTERISTIKA ZNOJEMSKEHO PODZEMI

Geologicka skladba [2] znojemského podzemi je tvofena plu-
tonickymi horninami dyjského masivu a jeho metamorfovanymi
ekvivalenty. V zdjmové oblasti se vyskytuji biotitické granity,
které prechézeji do granodioritu. Kromé granitoidnich hornin se
zde déle vyskytuji krystalické horniny ortorulového charakteru.

Vsechny typy hornin dyjského masivu byly postizeny kaolini-
zaci, v dusledku ¢ehoZz doslo lokdln€ k tvorbé loZiskovych aku-
mulaci reziduédlniho kaolinu plynule prechdzejiciho do mate¢né
horniny. Stari kaolinizace neni jednoznacné doloZeno.
K tomuto procesu doslo s nejvetsi pravdépodobnosti ve svrch-
nim mezozoiku az spodnim terciéru.

GEOLOGICKA DOKUMENTACE VYBRANYCH
RIZIKOVYCH PROSTOR

Ve dnech 27.2.2013 az 19. 3. 2013 byla uskute¢néna geolo-
gickd dokumentace celkem jedendcti vybranych nezajiSténych

of individual burgher houses was only slightly
expanded. This activity was in the beginning pro-
bably in the competence of burghers themselves.
Later, when the expansion and deepening of
underground spaces started, the burghers had to invite
mining professionals, probably miners from Jihlava and
Kutna Hora [1], who continued to excavate the cellars using
the mining methods of that time.

GEOLOGICAL CHARACTERISTICS OF THE ZNOJMO
UNDERGROUND

The geological structure of the Znojmo Underground is
formed by Pluton rock types of the Dyje Massif and their
metamorphosed equivalents. There are biotite granites pas-
sing to granodiorites in the area of interest. Apart from gra-
nitic rock types, there are also crystalline rock types with the
character of orthogneiss there.

All types of the Dyje Massif rock were affected by kaoli-
nisation. As a result, local deposits of residual kaolin fluent-
ly passing to the parent rock developed there. The age of the
kaolinisation process has not been unambiguously documen-
ted. It probably took place during the Upper Mesozoic up to
Lower Tertiary sub-periods [2].

GEOLOGICAL DOCUMENTATION OF SELECTED RISKY
SPACES

The geological documentation of the total of eleven selec-
ted unsupported or insufficiently supported underground
spaces under the historic centre of the town of Znojmo was
carried out from the 27th February 2013 through to the 19th
March 2013. These eleven locations of the Znojmo Under-
ground that had been documented required a rehabilitation
intervention as quickly as possible with respect to the high
risk of collapsing or falling of the roof. Three variants of the
techniques proposed for securing the instable underground
spaces are described in detail below.

The methodology of geological mapping of instable ope-
nings excavated in rock was realised in compliance with CSN
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nebo nedostate¢né zajisténych podzemnich prostor pod historic-
kym centrem mésta Znojma. Téchto jedendct zdokumentova-
nych mist znojemského podzemi, vzhledem k vysokému riziku
zavalu nebo zficeni stropu, vyzadovalo co nejrychlejsi sanaéni
zdsah. Ddle jsou detailné rozepsany tfi navrzené varianty tech-
nologif zajisténi nestabilnich podzemnich mist.

Metodika geologického mapovdni nestabilnich vyruba skal-
nich hornin byla realizovana v souladu s CSN EN ISO 14689-1
Geotechnicky priizkum a zkouSeni — Pojmenovdni a zatvidovdni
hornin — Cdst 1.

V rdamci popisu zvétralych hornin dyjského masivu byly sle-
dovany a dokumentovadny ndsledujici znaky: ndzev horniny,
barva, stupen zvétrdni a jinych alteraci, odluc¢nost. U hor-
ninovych puklin byly sledovdny, dokumentovdny a zaz-
namendvany hodnoty ndsledujicich atributa: smer a velikost
sklonu puklinovych ploch, rozted (tj. nejmensi kolmd vzddlenost
k pukline téhoz? systému), rozevienost (dokumentovdno na vice
mistech téZe pukliny), habitus (pukliny hladké, stupriovité, zvine-
né), pribéZnost (pukliny vyznivajici v ploSe vyrubu, pukliny pre-
sahujici jednim koncem nebo obéma plochu vyrubu, pukliny
ukoncené na jiné pukline, eventudlné kombinace vyse uvedené-
ho), délka pukliny, drsnost stén pukliny (drsné, hladké), vypln
puklin, zvodnéni puklin, velikost a tvar oddélenych horninovych
blokii.

Z vyse zminénych jedendcti nestabilnich mist byly stény cel-
kem osmi podzemnich prostor bez osténi, tj. jednalo se
o nezapazeny vyrub. V ostatnich pripadech bylo ostén{ zajisténo
poruSenym cihlovym zdivem a v jednom pripadé porusenym
betonovym osténim. V nésledujicim textu budou uvedeny tfi pri-
klady vyhodnocené (zestruc¢néné dokumentace) pro potieby
navrhu sana¢nich opatfeni.

Priklad ¢. 1

Nadzev a lokalizace nezajisténého podzemniho prostoru — doku-
mentacni bod ¢. 1 (obr. 2)

Rozsah nezajistené plochy: Jedna se o nezajiSténou plochu
chodby o rozmérech 2,5x1,9 m. Celkové nestabilni plocha urce-
nd k sanaci je cca 5 m2.

Geologicky popis: Nezajisténa sténa je budovdna krystalicky-
mi horninami, které jsou zcela zvétralé na zeminy charakteru jila
pisitych tuhé konzistence, tfidy R6/CS. Doslo zde k zdvalu
0 objemu cca 1,5 m3. Zcela zvétraly horninovy masiv je pro-
stoupeny systémem puklin, které jsou priblizné kolmé k plose

Obr. 2 Fotodokumentace nezajisténého vyrubu podzemniho prostoru — doku-
mentacni bod ¢. 1

Fig. 2 Photodocumentation of the unsupported excavation of the underg-
round space — documentation point No. 1

TuoufHel

EN ISO standard No. 14689-1 Geotechnical investigation and
testing — Identification and classification of rock — Part 1.

The following characteristics were observed and docu-
mented within the framework of the description of the weat-
hered rock types of the Dyje Massif: rock name, colour,
degree of weathering and other alterations and jointing. As
far as rock jointing is concerned, the values of the following
attributes were observed and documented: trend and magni-
tude of dipping of joints, frequency (i.e. the smallest perpen-
dicular distance up to the joint of the same system), aperture
(documented on several points of the same fissure), habitus
(smooth, stepped, undulated joints), joint persistence (joints
fading away on the excavated opening surface, joints excee-
ding the opening surface by one end or by both ends, joints
ending at another joint, or a combination of the above-men-
tioned types), joint length, joint roughness (rough, smooth),
joint filling, joint saturation, size and shape of separated rock
blocks.

The walls of eight underground spaces of the above-men-
tioned eleven instable locations were not provided with
a lining, which means that the excavated openings were
unsupported. In the other cases the lining was formed by dis-
turbed brick masonry and, in one case, by disturbed concre-
te. The examples assessed for the needs of the proposal for
the rehabilitation measures (abridged documentation) are
presented in the following text.

Example No. 1

Name and location of the unsupported underground space
— documentation point No. 1 (Fig. 2)

Extent of the unsupported surface: It is an unsupported
surface of a gallery with the cross-sectional dimensions of
2.5x1.9m. The total instable area designed for the rehabilita-
tion is ca Sm?2.

Geological description: The unsupported wall is built by
crystalline rock, which is completely weathered to earth with
the character of R6/CS class, stiff sandy clay. A collapse of
about 1.5m3 rock took place there. The completely weathe-
red rock mass is permeated with a system of fissures appro-
ximately perpendicular to the surface of the excavated ope-
ning. The fissures are persistent with the spacing of 0.25m.
They are straight, smooth and close. The fissures are formed
by one system with an average trend and dip — 272/72.

Support design: With respect to the high degree of rock
weathering and tectonic affection of the rock mass it was
proposed that the area would be reinforced by nailing in
combination with the application of a stone conservation
agent — the first proposal (for more detail see the following
chapter).

Example No. 2

Name and location of the unsupported underground space
— documentation point No. 2 (Fig. 3)

Extent of the unsupported surface: It is a gallery stabilised
by instable masonry. The gallery dimensions are
1.2x2.2x6.5 m (width x height x length). The instable area is
ca 42m?2.

Descriptions: The gallery is lined with instable brick
masonry. The filling of joints is heavily weathered and local-
ly completely missing. There are numerous water leaks on
the gallery walls.

Support design: With respect to the weathering of the brick
binder and visible deformations of the lining, it was propo-
sed that the masonry would be strengthened by grouting —
the second proposal (for more detail see the following

chapter).




Obr. 3 Fotodokumentace nestabilniho podzemniho prostoru — dokumentacni
bod ¢.2

Fig. 3 Photodocumentation of the instable excavation of the underground
space — documentation point No. 2

vyrubu. Pukliny jsou prubézné s rozte¢i 0,25 m. Pukliny jsou
rovné, hladké a uzavrené. Jednd se o pukliny jednoho systému
o prumérném sméru a velikosti sklonu — 272/72.

Ndvrh zajisteni: S ohledem k vysokému stupni zvétrani hornin
a tektonickému postizeni horninového masivu bylo navrzeno
oblast vyztuzit kritkymi svorniky v kombinaci s aplikaci kon-
zervaéniho prostfedku na kdmen — prvni navrh (podrobné viz
ndsledujict kapitola).

Priklad ¢. 2

Ndzev a lokalizace nestabilniho podzemniho prostoru — doku-
mentacni bod ¢. 2 (obr. 3)

Rozsah nezajisténé plochy: Chodba zajisténa nestabilnim zdi-
vem. Jednd se o chodbu o rozmérech 1,2x2,2x6,5 m (Sitka x
vyska x délka). Celkova nestabilni plocha je cca 42 m2.

Popis: Chodba je tvorena nestabilnim cihlovym zdivem.
Mezerni hmota je silné zvétrald a misty zcela chybi. Na sténach
chodby jsou Cetné vyrony vody.

Ndvrh zajisteni: Vzhledem ke zvétrani cihlového pojiva
a viditelnym deformacim osténi bylo navrzeno zpevnéni zdiva
injektovanim — druhy navrh (podrobné viz ndsledujici kapitola).

Priklad ¢. 3

Ndzev a lokalizace nestabilniho podzemniho prostoru — doku-
mentacni bod ¢. 3 (obr. 4)

Rozsah nezajistéené plochy: Porusené betonové osténi
o rozmérech 3,0x1,5 m. Celkovad nestabilni plocha urend
k sanaci je cca 4,5 m2.

Popis: V plose chodby se vyskytuje porusené betonové osténi,
kde doslo k ¢dste¢nému vyjeti bloku betonového osténi smérem
do volného prostoru chodby (obr. 4).

Ndvrh zajisténi: Zde bylo navrZzeno zpevnéni nestabilniho
betonového osténi kombinaci krdtkych svorniku se stiikanym
betonem — tieti navrh (podrobné viz ndsledujict kapitola).

Vysledkem geologickych terénnich praci byla nasledujici zjis-
tént:

® Nezajistény horninovy masiv vykazuje v prostorach nezajis-
téného osténi dokumentovanych oblasti vysoky stupen alte-
race, misty jsou krystalické horniny zcela zvétrany na zemi-
ny charakteru jilu stfedné aZ vysoce plastickych a jilu pis&i-
tych tfidy R6/CI, R6/CH, R6/CS.

Granitoidni horniny jsou témér na vSech zdokumentovanych
vyrubech silné zvétralé — horniny tfidy RS (rukou lze horni-
nu snadno rozdrobit na piscité eluvium).

24. rotnik - €. 2/2015

Example No. 3

Name and location of the unsupported underground space
— documentation point No. 2 (Fig. 3)

Extent of the unsupported surface: Disturbed concrete
lining with the dimensions of 3.0x1.5m. The total instable
area designed for rehabilitation is ca 4.5m2.

Description: A disturbed concrete lining is found in the
gallery area, where a block of the concrete lining partially
slipped in the direction of the free space of the gallery.

Support design: In this case, the securing of the instable
concrete lining was proposed to be carried out by
a combination of nailing and shotcrete - the third proposal
(for more detail see the following chapter).

The field geological work resulted into the following fin-
dings:

* The unsupported rock mass exhibits a high degree of
alteration in the spaces of non-stabilised lining of the
documented areas. The crystalline rock is locally com-
pletely weathered, passing into soil with the character of
medium to highly plastic clay and sandy clay class
R6/CI, R6/CH and R6/CS.

° Granitic rock types are heavily weathered nearly in all
documented excavated openings — rock class R5 (rock
can be easily crumbled by hand to sandy eluvium).

* Orthogneiss exhibits only slightly lower degree of alte-
ration, corresponding to classes R5-R4, exceptionally
R4. It is marvellous in all cases that frequent collapses
and caving in do not happen in the so much altered rock
environment and under the urban development.

° All of the eleven documented locations require as quick
intervention as possible with respect to the high risk of
potential threat to people. In addition, it is many times
impossible to exclude the localisation of an instable
excavation within the reach of the deformation zone of
foundation structures of the urban development.

It follows from the fact that there is information in historic
sources concerning the exactingness of mining operations in
resistant crystalline rock and that not all free excavated spa-
ces are found in heavily weathered crystalline rock, even
decomposed by weathering, that the cases of the demon-
strably proven high degree of the weathering of the Dyje
massif are probably the result of selective weathering pro-
cesses.

PROPOSALS FOR REHABILITATION MEASURES

This part of the paper describes in detail the proposals for
increasing the stability of risky spaces of the Znojmo
Underground which were documented during February and
March 2013. The total of three proposals for the securing of
instable excavated openings were submitted. The first pro-
posal lied in supporting the instable walls of weathered cry-
stalline rock by means of a combination of nailing and the
application of Rajasil Steinfestiger OH100 stone strengthe-
ner. The second proposal was focused on the consolidation
of the brick masonry by grouting. The third proposal dealt
with the stabilisation — strengthening of the instable concre-
te lining.

The first proposal had to be divided into two stages, taking
into consideration the fact that the decision on the necessity
of the second stage would be made later, on the basis of the
monitoring of the effectiveness of the first stabilisation
stage. The reason for the division of the rehabilitation opera-
tions into two stages in time is the fact that such technical
interventions are proposed within the framework of the
second stage (the application of protective nets), which
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® Ortoruly vykazuji jen nepatrné nizs{ stupen alterace, ktery
odpovida tridé R5-R4 vyjimeéné R4. Ve vSech pripadech je
podivuhodné, Ze v tak vysoce alterovaném horninovém pro-
stiedi a pod méstskou zdstavbou nedochdzi k ¢etnym zava-
lum a vykominovéni.

VSech jedendct zdokumentovanych mist vzhledem
k vysokému riziku potencidlniho ohroZeni osob vyzaduje co
nejrychlejsi sanacni zdsah. Navic mnohdy nelze vyloucit
lokalizaci nestabilniho vyrubu v dosahu deformacéni zény
zakladovych konstrukci méstské zdstavby.

Vzhledem k faktu, Ze se v historickych pramenech nachdzeji
informace o ndrocnosti razicich praci v odolnych krystalickych
hornindch a Ze ne vSechny volné vyruby jsou zastoupeny silné
zvetralymi az zcela zvétranymi krystalickymi horninami, jedna
se zde v piipadech prukazné ovéfeného vysokého stupné zvétra-
ni krystalickych hornin dyjského masivu pravdépodobné
o procesy selektivniho zvétravani.

NAVRHY SANACNICH OPATRENI

V této Casti prispévku jsou podrobné popsdny navrhy zvySeni
stability rizikovych prostor znojemského podzemi, které byly
zdokumentovédny v prubéhu tnora a brezna 2013. Celkem byly
predloZeny tii navrhy zajisténi nestabilnich vyrubu. Prvni ndvrh
spocival v zajiSténi nestabilnich stén zvétralych krystalickych
hornin kombinaci kritkych svorniku s aplikaci zpeviiovace
kamene Rajasil Steinfestiger OH100. Druhy ndvrh byl zaméfen
na zpevnéni cihlového zdiva ostén{ injektovanim a tFeti ndvrh se
tykal zajiSténi — zpevnéni nestabilnfho betonového osténi.

Prvni ndvrh bylo nutno rozdélit do dvou etap s tim, Ze
o nutnosti druhé etapy se rozhodne aZ na zdkladé monitoringu
G&innosti prvni etapy zajisténi. Divodem rozdéleni sanacnich
praci do dvou Casové oddé€lenych etap je skutenost, Ze v rdmci
druhé etapy jsou navrZeny takové technické zdsahy (aplikace
zdchytnych siti), kterymi dojde k jisté redukci prirozeného vzhle-
du nezajisténych stén vyrubu podzemnich prostor.

Ndvrh zajisténi nestabilnich sten zvétralych krystalickych hor-
nin — 1. etapa. Prvnim krokem sanacnich praci bude Setrné ocis-
téni viditelné zvétralych mist. Ddle bude ndsledovat zajistén{
horninového masivu kratkymi svorniky s rozestupem 0,5 m
a délkou 0,8—1,2 m. Prostor mezi osténim vrtu a kratkym svorni-
kem bude vyplnén cementovou injektazi. Z estetického hlediska
bude vhodné podlozku, matici a podkladovou desku svorniku
zapustit do stabilizovaného ocisténého vyrubu tak hluboko, aby
nevycnivaly do volného prostoru. Po instalaci kréitkych svornika
bude ndsledovat ocisteni povrchu vodou s naslednou aplikaci
zpevnovace kamene. Po uplynuti zhruba 2-3 tydnu, kdy dojde
k vytvrdnuti zpeviiovae kamene, bude realizovdn posledni
sanacni krok /. etapy, a tim bude aplikace povrchové transpa-
rentni hydrofobizace — Masterseal 321B, kterd se pouZiva na
kdmen, cihly a piskovec.

Pozn: materidly zde navriené jsou urceny primdrné pro tyto
aplikace na kdamen v rdmci jak staveb charakteru pozemnich sta-
veb, tak pro stavby podzemni a stavby spadajici pod stavby
pamdtkove chrdnéné. Zde uvedené materidly nenarusuji pod-
klad/stavbu a jsou pro tyto aplikace prioritné urceny, nastaveny
a vyrobeny.

Ndvrh zajisteni nestabilnich sten zvétralych krystalickych hor-
nin — II. etapa. V pripadé realizace této II. etapy dojde k pevné
fixaci zachytnych siti na o¢isténé osténi vyrubu. O druhu zachyt-
nych siti, které budou pouzity, a nutnosti jejich prekryti zpevno-
vacem kamene Rajasil Steinfestiger OH100 bude rozhodnuto az
po realizaci a vyhodnoceni monitoringu I. etapy sanacnich praci.

Druhy ndvrh zajisténi nestabilniho cihlového osteni injektovd-
nim [4]. Po ocisténi cihlového zdiva se pripravi infuzni vrty,
které budou realizovany se sklonem 15-20° s rozte¢i 200 mm.

Obr. 4 Fotodokumentace nestabilniho podzemniho prostoru — dokumentacni
bod ¢. 3

Fig. 4 Photodocumentation of the instable underground space — documenta-
tion point No. 3

would slightly reduce the natural appearance of the unsup-
ported walls of the excavated underground spaces.

The proposal for securing instable walls of weathered cry-
stalline rock — stage I. The first step of the rehabilitation
operations will be gentle cleansing of visibly weathered
locations. The installation of excavation support using 0.8-
1.2m long nails spaced at 0.5m will follow. The space bet-
ween the borehole wall and the nail will be backfilled with
injections of cement grout. It will be reasonable for aesthe-
tic reasons to embed the washer, nut and faceplate into the
cleansed surface of the excavation to be stabilised so that
they do not protrude to free space. Cleansing of the surface
with water and subsequent application of the stone strengt-
hener will follow after the installation of the nails. When
roughly 2-3 weeks period, during which the stone strengthe-
ner hardens, passes, the last rehabilitation step of stage I will
be realised. It will lie in the application of transparent surfa-
ce hydrofobisation - Masterseal 321B, which is applied to
stone, bricks and sandstone.

Note: the materials proposed in this case are primarily
designed for these applications to stone within the frame-
work of both the underground construction character of
structures and underground structures and structures belon-
ging among listed structures. The materials presented in this
paper do not disturb the sub-grade/structure and are prima-
rily designed, adjusted and manufactured for these specific
applications.

Proposal for securing instable walls of weathered crystal-
line rock — stage II. In the case of the realisation of this stage
II, protective nets will be fixed to the cleansed surface of the
excavated opening. The type of the protective nets which
will be used and the necessity for their covering with Rajasil
Steinfestiger OH100 stone strengthener will be decided on
after the realisation of the monitoring of stage I of the reha-
bilitation operations and the assessment of its results.

The second proposal for securing instable brick lining by
injecting grout [4]. After cleansing the brick masonry, infu-
sion drillholes will be prepared. They will be drilled on a 15-
20° incline, at 200mm spacing. The length of the drillholes
— it will be specified during the realisation itself — the
masonry must not get completely perforated so that the
grouting mixture is not lost in the rock massif.
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Délka vyvrta — bude stanovena v priibéhu samotné realizace — Each drillhole will be fed with the chemical solution using

nesmi dojit k celkové perforaci zdiva, aby nedochdzelo ke ztrd- either the COX method, which is based on the basis of sili-

tdm injekcni smesi do horninového masivu. cones, or the Tiazol method, which is based on a solution
Kazdy vrt bude samostatné napdjen chemickym roztokem, a to containing 98% of potassium silicate and 2% of Lukofob

bud metodou COX, kterd je zaloZena na bazi silikonii, nebo organosilicon polymer.

metodou Tiazol, kterd je zaloZena na bdzi roztoku, ktery obsahu- Hydrostatic pressure corresponding to the height of 0.5-

je 98 % draselného vodniho skla a 2 % organokfemicitého poly- 2.0m, i.e. 0,005-0,02MPa, is usually used when the drillho-
meru Lukofobu.

Pii napousténi vrtu se obyCejné vyuziva hydrostaticky tlak
odpovidajici vysce 0,5-2,0 m, tj. 0,005-0,02 MPa.

Treti ndvrh zpevneni nestabilniho betonového osténi instalaci
krdtkych svornikii a stiikanym betonem. Po odstranéni zbytka
nestabilniho betonového zdiva, které vycniva do volného prosto-
ru, bude nutné ocistit poruseny bok chodby az na horninovy
masiv, ktery bude zajistén kratkymi svorniky. Odstranéné nesta-
bilni betonové osténi bude nahrazeno stfikanym armovanym

le is being filled.

The third proposal for strengthening instable concrete
lining by means of nailing and shotcrete. After removing
remains of instable concrete masonry protruding into free
space, it will be necessary to cleanse the disturbed wall of
the gallery down to the rock massif to be stabilised by nai-
ling. The removed instable concrete lining will be replaced
with reinforced shotcrete.

betonem.
CONCLUSION
ZAVER The eleven instable risky underground spaces under the

Jedendct nestabilnich rizikovych podzemnich prostor pod his- | historic part of the town of Znojmo which were found by
torickou &dsti mésta Znojma, které byly nalezeny stavebnimi construction technicians of Unigeo a. s. during the realisati-
techniky spole¢nosti UNIGEO a.s. v priibéhu realizace stavebni | on of the construction contract - “Adrenaline routes through
Zakézky—”Adrenalinové trasy Znojemského podzeml‘"byly p()d- the Znojm() Underground“ were subjected to geological
robeny geologické dokumentaci a geotechnickému zhodnoceni. documentation and geotechnical assessment. Rehabilitation
Na zdkladeé vyhodnoceni terénnich praci byly navrZzeny sanacni procedures were proposed for securing the instable excava-
postupy zaji§téni nestabilnich vyrubu a nestabilnich osténi. ted spaces and instable linings.

Terénnimi geologickymi pracemi byl ovéren vysoky stupen The high degree of alteration of the crystalline rock was
alterace krystalickych hornin. Krystalické horniny jsou na confirmed by field geological work. In some locations the
mnoha mistech zcela rozvétrany na zeminy charakteru jili stfed- crystalline rock is completely weathered and decomposed to
né az vysoce plastickych a jili pis¢itych tifdy R6/CL, R6/CH, | soil with the character of medium to highly plastic clay and
R6/CS. Granitoidni horniny jsou témér na vSech zdokumentova- sandy clay, class R6/CH, R6/CS. The granitic rock is heavi-
nych vyrubech silné zvétralé, j. jednd se o horniny tfidy RS. ly weathered nearly in all documented excavation spaces. It

Pro bezpeCny pohyb v téchto podzemnich lokalitich byly
predloZeny postupy zajisténi nestabilnich stén zvétralych krysta-
lickych hornin. Stény a stropy podzemnich vyrubu budou zajis-
tény kratkymi svorniky a ndsledné zde bude aplikovan zpevno-
va¢ kamene.

V pripadé podzemnich prostor zajisténych zvétralym cihlovym
osténim bylo navrZeno zpevnéni zdiva injektovanim a v pripade
zajisténi naruSeného betonového osténi byl predloZzen nédvrh
zajisténi, ktery sestdval se zajisténi ociSténého horninového
masivu kratkymi svorniky s ndslednym prekrytim stiikanym
betonem.

is therefore categorised as class R5 rock.

The procedures for securing instable walls of the weathe-
red crystalline rock were submitted with the aim of allowing
safe movement in these underground localities. The walls
and roofs of the underground excavation spaces will be sta-
bilised by nailing and stone strengthener will be applied sub-
sequently.

In the case of underground spaces stabilised by weathered
brick masonry, grouting was proposed for the strengthening
of the masonry and, in the case of the stabilisation of the dis-
turbed concrete lining, a proposal was submitted for the sup-

Ing. RICHARD SKOPAL, skopal.richard@unigeo.cz, port consisting on nailing the cleansed rock massif and sub-
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POUZITI HYPOPLASTICKEHO MODELU JEMNOZRNNYCH ZEMIN
PRI NUMERICKEM MODELOVANI RAZBY METODOU NRTM

APPLICATION OF HYPOPLASTIC MODEL OF FINE-GRAINED SOILS
IN NUMERICAL MODELLING OF NATM TUNNELLING

TOMAS KADLICEK, TOMAS JANDA, MICHAL 3EJNOHA, JOSEF KUNAK,
MARTINA URBANKOVA

ABSTRAKT

Cldnek se vénuje pouZiti hypoplastického materidlového modelu pro jemnozrnné zeminy na prikladu pFistupového tunelu vybudovaného jako
souddst prodlouZeni trasy metra A. Model byl vytvoren v programu Geo5 MKP — Tunel, jenZ re$i 2D iilohu rovinné deformace. Pro tuto studii
byl vytvoFen numericky model s rozdélenim horninového profilu do vrstev navdzky, sedimentii a bridlice. Pro vrstvu sedimenti byl pouZit hypo-
plasticky materidlovy model. Chovdni ostatnich vrstev bylo popsdno Mohr-Coulombovym materidlovym modelem. Pro posouzeni ti¢inku hypo-
plastického modelu na vysledky numerické analyzy byla rovné? vytvorena iiloha s pouZitim modelu Mohr-Coulomb i ve vrstvé sedimentii.
Vysledky obou iiloh byly ndsledné porovndny se skutecnymi konvergencnimi mérenimi provddénymi v priibéhu vystavby.

ABSTRACT

The paper is dedicated to the application of a hypoplastic material model to fine-grained soil presented on an example of an access tunnel car-
ried out as a part of the extension of the metro line A. The model was developed using the Geo5 FEM — Tunnel, which solves the 2D problem of
plain-strain deformation. The numerical model which was developed for the purpose of this study divides the ground profile into layers of man-
made ground, sediments and shale. The hypoplastic material model was applied to the layer of sediments. The behaviour of the other layers was
described by the Mohr-Coulomb material model. In addition, a problem applying the Mohr-Coulomb model to the layer of sediments was crea-
ted for the purpose of the assessment of the influence of the hypoplastic model on the results of the numerical analysis. The results of the soluti-

on to both problems were subsequently compared with the real convergence measurements conducted during the construction.

1. OvoD

Byt byla v relativné neddvné dobé predstavena teorie
hypoplasticity a v soucinnosti i hypoplastické modely pro
hrubozrnné a pozdéji téz pro jemnozrnné zeminy [3], je
jejich pouziti spise ojedinélé a inZenyrskd praxe se stdle ori-
entuje predevsim na pouziti tradi¢nich konstitutivnich mode-
14 typu Mohr-Coulomb (MC). Duvodem je nejen jejich jed-
noduchost, ale zejména dostupnost materidlovych parametrt
modelu, jejichz urceni lze provést jednoduse podle zaklad-
nich laboratornich zkousek, pripadné stanovit na zdkladé
standardniho zatridéni zemin. Je vSak dobré si uvédomit, Ze
tyto modely neumoZnuji veérohodné popisovat nékteré
zékladni vlastnosti zeminy, jako napfiklad zavislost tuhosti
na napéti, na historii zatéZovani ¢i schopnost zeminy dilato-
vat v zavislosti na jejim zhutnéni. Formulace hypoplastické-
ho materidlového modelu na druhou stranu vét§inu téchto
aspektu skute¢ného chovdni zemin zohlediiuje. Pfitom i zde
l1ze hovofit o pouZiti zdkladnich parametri zeminy, nebot’
jejich stanoveni vyZzaduje pouze zdkladni laboratorni mérent,
jakymi jsou oedometrickd a triaxidlovd zkouSka, pripadné
jednoduché numerické testy [5]. Zakladni prekdzkou jejich
roz§ifeni tak zUstdvd jejich stanoveni na zdklad€ standardni-
ho zatfidéni a nizka informovanost. Snahou priblizit hypo-
plastické modely S$ir§i vefejnosti jsou nejen obséhlé mono-
grafie [8, 9], projekt TACR TA04031604 s cilem vytvorit
Sirokou databdzi materidlovych parametru téchto typu mode-
14 pro dostatené Sirokou skupinu zemin, ale i tento ¢ldnek
vénovany uziti hypoplastického materidlového modelu pro
jemnozrnné zeminy (HJ) na prikladu redlné konstrukce pri-
stupového tunelu vybudovaného jako soucdst prodlouzeni
trasy metra A, viz odst. 3.

V ¢lanku jsou prezentovdny vysledky numerické analyzy
razby tunelu s pouZzitim HJ modelu pro vrstvu sedimentt, pro
kterou bylo provedeno v ramci projektu TACR TA01030245

1. INTRODUCTION

Despite the fact that the hypoplastic theory in combination
with hypoplastic models for granular and later also fine-grai-
ned soils was introduced relatively recently [3], their applicati-
on is rather sporadic and the engineering practice still orients
itself first of all to the use of traditional constitutive models of
the Mohr-Coulomb (MC) type. The reason lies not only in their
simplicity but also in the availability of the material parameters
of the model, the determination of which can be carried out by
to basic laboratory tests on the basis of the standard soil classi-
fication. It is nevertheless reasonable to realise that these
models do not allow for the plausible description of some basic
properties of soil, for example the dependency of stiffness on
stress, on the loading history or the capability of soil to dilate
depending on its compaction. On the other hand, the formula-
tion of the hypoplastic material model takes the majority of
these aspects of the actual behaviour of soil into consideration.
It is true that it is possible to speak about the use of basic soil
parameters even in this case because their determination requi-
res only basic laboratory measurements, i.e. the oedometer and
triaxial tests, or simple numerical tests [5]. The fundamental
obstacle for their spreading therefore remain to be their deter-
mination on the basis of standard classification and the low
level of awareness. The efforts to give an idea of hypoplastic
models to the wider public is presented not only by extensive
monographs [8, 9], the TACR TA04031604 project with the aim
of developing a wide database of material parameters of these
model types for sufficiently wide group of soils, but even this
paper dedicated to the application of a hypoplastic material
model to fine-grained soils (HJ), which is demonstrated on the
example of a real structure of an access tunnel built as a part of
the extension of metro line A, see paragraph 3.

The paper presents the results of a numerical analysis of dri-
ving the tunnel applying a HJ model to the layer of sediments
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Obr. 1 Zobrazeni plochy SBS
Fig. 1 Depiction of the SBS surface

rozsahlé experimentdlni méfeni. Postup kalibrace jednotli-
vych materidlovych parametra modelu, které jsou pro ilustra-
ci blize popsany v nésledujicim odst. 2, je podrobné popsin
v [5]. Vzhledem k tomu, Ze v rdmci experimentdlniho progra-
mu byly stanoveny i parametry MC modelu, byl numericky
model (viz odst. 4) testovan také s pouzitim MC modelu pro
vrstvu sedimentu a oba vypocéty byly porovnany s konver-
genénimi méfenimi tunelového télesa, viz odst. 5. Na obdob-
né téma pojedndva také publikace [4], kde se pro tlohu zvo-
lila realizace Kralovopolskych tunelu.

2 HYPOPLASTICKY MODEL

Prvnimi modely, které se snazily vystihnout chovani zemin
v zdvislosti na mife ulehlosti, byly modely kritického stavu
typu Cam clay, které vedle konstantnich materidlovych para-
metra zavedly téZ stavové proménné. Materidlové parametry
typicky urcuji polohu a sklon linie normdlni konsolidace
(NCL - normal consolidation line), popripadé linie kritického
stavu (CSL — critical state line) v prostoru e x In(o,), kde e
je Cislo pérovitosti a oy, stfedni napéti, nebo kriticky dhel
vnitiniho tfeni ¢¢. Dalsi zpresfiovdni materidlovych modela
kritického stavu fizené zejména snahou charakterizovat typic-
ké plastické chovdni zemin béhem zatéZovani vedlo
ke vzniku zna¢né komplikovanych modeld, jejichZ imple-
mentace, ndro¢nost vypoltu i sloZitost ziskdni parametrt vSak
branilo jejich SirSimu uplatnéni v praktickych tlohach.

Spojenim teorie hypoplasticity a principt modelu kritické-
ho stavu vznikl hypoplasticky model pro jemnozrnné zemi-
ny [3]. Tento model je v zdkladni verzi charakterizovan péti
materidlovymi parametry (A*, k*, N, ¢, r). Na rozdil od MC
modelu vSak nedefinuje typickou plochu plasticity
v prostoru hlavnich napéti, nybrz tzv. mezni plochu stavu
(SBS - state boundary surface) v prostoru e x q X On
(obr. 1), kde g je ekvivalentni deviatorické napéti. Tato plo-
cha ohranicuje vSechny pripustné stavy. Jeji tvar je defino-
van parametry A*, k* a @c.

Parametry HJ modelu lze rozdélit na ty, jeZ je moZné ziskat
z edometrické zkousky &i z prub€hu izotropni komprese (A%,
K*, N) a na ty, které se ziskaji z triaxidlni smykové zkouSky
(¢c, r). Parametry A* a N uruji prubéh linie NCL v prostoru
In(om) x In(e + 1). Jak je patrné z obr. 2, parametr N urcuje
pozici NCL a A* je jeji smérnici. JelikoZ muZe prekonsolida-
ce vzorku zamezit presnému uréeni téchto parametru, je
vhodné tyto dva parametry urCit na zdkladé edometické
zkouSky na rekonstituovaném vzorku, coZ je vzorek
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for which extensive experimental measurements were conduc-
ted within the framework of the TACR TA01030245 project.
The process of the calibration of individual material parame-
ters of the model, which are for illustration described in more
detail in paragraph 2 below, is described in [5]. With respect
to the fact that even the MC model parameters were determi-
ned within the framework of the experimental programme, the
numerical model (see paragraph 4) was also tested using the
MC model for the layer of sediments. The two analyses were
compared with the convergence measurements of the tunnel
body, see Paragraph 5. A similar topic is also dealt with in the
publication [4], where the realisation of the Krdlovo Pole tun-
nels was chosen for the definition of the problem.

2 HYPOPLASTIC MODEL

The Clam-Clay type of models of critical state, which int-
roduced state variables in addition to constant material para-
meters, were the first models trying to give a true picture of
the behaviour of soils depending on the density index.
Material parameters typically determine the position and inc-
lination of the normal consolidation line (NCL) or of the cri-
tical state line (CSL) in the space ) e x In(0y,), where e is the
void ratio and 0y, is the mean stress, or the critical angle of
internal friction ¢¢. Other refining of material models of the
critical state driven by the effort to characterise the typical
plastic behaviour of soils during imposing a load led to the
origination of significantly complicated models, the imple-
mentation of which, exactingness of analysis and complex-
ness of obtaining the parameters prevented the wider appli-
cation of the models to practical problems.

A hypoplastic model for fine-grained soils [3] was develo-
ped by combining the theory of hypoplasticity and principles
of the models of critical states. This model in the basic ver-
sion is characterised by five material parameters (A*, k*, N,
¢c, r). However, in contrast with the MC model, this model
defines the state boundary surface (SBC) in the state e x q x
on (see Fig. 1), where ¢ is the equivalent deviatoric stress,
instead of defining the typical plane of plasticity in the space
of main stresses. This surface bounds all permissible states.
Its shape is defined by parameters A*, k* and ¢c.

The HJ model parameters can be divided into parameters
which can be derived from the oedomenter test or from the
isotropic compression curve (A*, k*, N) and parameters we
can derive from the triaxial shear test (¢¢, r). Parameters A*
and N determine the NCL 3D curve In(oy,) x In(e + 1). As
obvious from Fig. 2, parameter N determines the NCL posi-
tion and A* is its angular coefficient. Because of the fact that
overconsolidation of a sample may prevent exact determina-
tion of these parameters, it is recommendable to determine
these two parameters on the basis of an oedometer test con-
ducted on a reconstituted sample, which is a sample with
a disintegrated internal structure prepared from mash with
the consistency exceeding the liquid limit. Parameter x*
controls the non-linear course of the extraction and it is the-
refore reasonable to determine it on the basis of a parameter
study during which the calculated and measured extraction
curves are compared in the In(o,,) x In(e + 1) space. The cri-
tical angle of internal friction ¢ determines the inclination
of the critical state line and, as mentioned above, it is deter-
mined on the basis of the triaxial test in the space t” x s”. To
determine the ¢, inclination we inset a line trough the zero
and the values of critical state for individual chamber stres-
ses. The last parameter is r. It controls the ratio between the
bulk modulus (K) and shear modulus (G). This parameter is
determined on the basis of a parameter study on the triaxial



24. rocnik - €. 2/2015

In (e + 1)

N

In1 Ing,,

Obr. 2 Zobrazeni izotropni zkousSky v logaritmickém meritku
Fig. 2 Depiction of the isotropic test in a logarithmic scale

s rozru$enou vnitini strukturou prfipraveny z kaSe s konzis-
tenci nad mezi tekutosti. Parametr k* kontroluje nelinedrni
prubéh pfi odtéZzovani vzorku, a proto je vhodné jej urcit na
zdkladé parametrické studie, pri které je porovnavana vypoci-
tand a zméfend odtéZovaci kfivka v prostoru In(o,) x In(e +
1). Kriticky dhel vnitfniho tfeni ¢ urcuje sklon linie kritic-
kého stavu a jak jiz bylo fe¢eno, uréi se na zdkladé triaxidln{
zkouSky v prostoru t” x s”. Pro urceni sklonu ¢ se proloZzi
primka pocdtkem a hodnotami kritického stavu pro jednotliva
komorova napéti. Poslednim parametrem je r, jenZ ridi pomér
objemového (K) a smykového (G) modulu. Tento parametr se
ur¢i na zdkladé parametrické studie triaxidlni zkousky
v prostoru &, x ¢. Jako jedinou stavovou proménnou je tfeba
urdit podatedni ¢islo pérovitosti ey. JelikoZ se ey muze lisit
jak pro edometrické, tak pro triaxidlni zkousky, je vhodné jej
urcit jako pocdtecni stav pro kazdou zkousku zv1ast.

Pro obor velmi malych deformaci (& < 0,001%) je model
rozsifen o dalSich pét parametri (mg, mzy, R, SB,, X), pro
jejichZ uréeni je jiz zapotfebi specidlnich bender-element
testi a zkouSky s pouzitim lokdlnich snimadt deformaci.
Model v tomto pripadé uvaZuje Cisté elastickou deformaci,
kterou vykazuji samotna zrna zeminy. Parametry mg a mp
kontroluji pocate¢ni smykovy modul pro velmi malé defor-
mace, pri zméné sméru deformace o 180° a prfi pocdte¢nim
zatézovani (mg) a pri zméné deformace o 90° (my). Tento
smykovy modul nabyvd v oboru velmi malych deformaci
ndsobku smykového modulu pfi béZnych deformacich.
Parametr R urcuje rozsah deformace, ve které je takto zvyse-
nd tuhost uvaZovédna. Parametry f3, a x tidi prubéh zmény
smykové tuhosti pri prechodu z velmi malych deformaci do
béznych deformaci. Ur¢{ se tedy parametrickou studii krivky
degradace smykového modulu v prostoru G x &s.

Vice informaci o tomto modelu a také o tom, jakym zpuso-
bem se jeho jednotlivé parametry kalibruji na zdkladé labora-
tornich zkousek jak pro jeho zdkladni, tak pro jeho rozsifenou
verzi, poskytuje [5].

3 POPIS STAVBY

Pro ucely numerického vypoctu byla zvolena vystavba pri-
stupového tunelu pfi ulici Kanadskd. Tunel byl proveden ze
stavebni jamy E1 na stavebnim objektu S02, kde S02 oznacu-
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test in space €3 x ¢. It is necessary to specify the initial
void ratio ¢p to be the only state variable. Because of the
fact that ep may be different for both the oedometer and tri-
axial tests, it is advisable to specify it separately for each
of the tests.

For the range of very small deformations (¢ < 0.001%), the
model is expanded by five additional parameters (mg, mr, R,

PBr, x), the determination of which requires special bender-

element tests and tests using local deformation gauges. In
this case, the model takes into consideration the purely elas-
tic deformation exhibited by soil grains themselves.
Parameters mg and my control the initial shear modulus for
very small deformations, at the deformation direction chan-
ged by 180° at the initial loading rate (mg) and the deforma-
tion direction changed by 90° (m7). In the range of very
small deformations this shear modulus value assumes multi-
ples of the shear modulus for common deformations.
Parameter R determines the extent of the deformation for
which the stiffness increased in this way is assumed.
Parameters f3,, and x control the case of the change in the
shear stiffness in the case of the transition from very small
deformations to common deformations. It means that the
parameter study determines the curves for the degradation of
the shear modulus in the space G x &g.

More information on this model and on the method of the
calibration of individual parameters on the basis of laborato-
ry tests, both for the basic and extended versions, is availab-
le in [5].

3 CONSTRUCTION DESCRIPTION

The construction of the access tunnel near Kanadska Street
was chosen for the purpose of the numerical analysis. The
tunnel was driven from E1 construction pit excavated for dri-
ving tunnels with EPB TBM machines between construction
pit E2 and Dejvickd station on metro Line A (construction lot
SO2). The access tunnel is in a position perpendicular to the
metro excavation route. The EPB TBM machines ran
through this access tunnel up to Dejvickd station.
Subsequently, the machines were disassembled, pulled back
through the access tunnel and lifted from E1 construction pit
to the surface by means of a bridge crane.

It is true that there are no existing buildings above the
access tunnel. Nevertheless, the tunnel passes under
Evropskd Street, which is significantly burdened by traffic.
Great demands were therefore placed on its construction
with the objective of minimising the development of any
deformation to a maximum, therefore minimising the impact
on the existing infrastructure. The exactingness of this task
was contributed by complicated geological conditions in the
form of insufficiently compacted roadway sub-grade, caviti-
es discovered in the layer of Quaternary sediments and the
utility networks led along Evropskd Street. For this purpose
the tunnel cross-section excavation was divided into three
excavation sequences, i.e. left-hand top heading, right-hand
top heading and invert. In addition, it was divided longitudi-
nally into four sections by a system of double jet-grouted
walls with the diameter of columns of 900mm. The tunnel
was also stabilised by double jet grouting columns carried
out from the surface. The wall thickness was increased in the
future TBM breakthrough locations by triple grouting (see
Fig. 3). Horizontal jet-grouted columns and glassfibre rein-
forced plastic anchors installed in pre-drilled holes and sub-
sequently encapsulated with concrete were used for reinfor-
cing the advance core. These measures were designed to inc-
rease the stiffness of the tunnel advance core and alleviate




TuHel

24. rocnik - €. 2/2015

——

dvojita tryskova injektaz
—_— double jet grouting

smér Cerveny vrch

direction of Cerveny Vrch

o~

the pre-convergence processes
and the extrusion of the excavati-
on face. This stiffness increasing
technology is used in tunnelling
by the ADECO-RS method [10],
which allows the excavation of
the whole stabilised tunnel cross-
section.
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part was excavated during the
tunnel construction, up to the jet-
grouted dividing wall, which sta-
bilised the temporary tunnel
excavation face. The excavation
proceeded by excavating the
right-hand part of the top hea-
ding, concurrently with step-wise
demolition of the dividing wall
between the top headings parts.
After the completion of the jet-
grouting fan for the next section,
the excavation of the invert com-
menced. The knowledge of the
excavation procedure and the
tunnel geometry were taken
advantage of when the numerical

razba metra linky A
metro Line A driving

Obr. 3 Vyrez ze situace stavebni jamy a pristupového tunelu
Fig. 3 Detail of the construction pit and access tunnel layout

je razbu mechanizovanymi Stity EPBS mezi stavebni jdmou
E2 a stanici metra A Dejvicka. Pristupovy tunel tak stoji
kolmo k trase razby metra. Stity timto pfistupovym tunelem
pokratovaly bez zastaveni aZ do stanice Dejvickd, pozdéji
byly oba stroje rozebrany, vytaZeny pristupovym tunelem
a vyzdviZzeny na povrch pomoci mostového jefdbu ze staveb-
ni jdmy E1.

Nad pfistupovym tunelem nenf sice umisténa zddnd zédstav-
ba, nicméné tunel podchdzi pod ulici Evropska, jez je znaéné
zatizena dopravou. Na jeho vystavbu byly tudiz kladeny
zna¢né naroky s cilem maximéln€ omezit vznik jakychkoliv
deformaci a minimalizovat tak dopad na stdvajici infrastruk-
turu. Ke sloZitosti této tlohy prispivaly také naro¢né geolo-
gické podminky v podobé nedostatecné zhutnénych podklad-
nich vrstev vozovky, dutiny objevené ve vrstvé kvartérnich
sedimentl a inZenyrské sit€ vedené ulici Evropskd. Za timto
ucelem byl tunel rozd€len po vysce na tii raZzené Cdsti, levou
kalotu, pravou kalotu a invert. V podélném sméru pak byl
rozdéleny do Ctyr sekci systémem stén z dvojité tryskové
injektdZe o priméru 900 mm. Po obvodu byl tunel zabezpe-
¢en dvojitou tryskovou injektdZi provedenou z povrchu teré-
nu. Sténa byla zesilena v mistech budouci prorazky razicimi
§tity na trojitou injektdZ (obr. 3). Pro ztuZeni jadra pred Cel-
bou tunelu se vyuzily horizontdlni pilife tryskové injektdze
a lamindtové kotvy osazené do pfedvrtanych otvoru
a ndsledné zainjektované. Tato opatfeni méla ztuZenim jadra
tunelu zmirnovat predkonvergenéni procesy a extruzi Celby,
a tim rovnéz zmirnovat vznikajici deformace. Technologie
tohoto ztuZzeni se vyuZivd pfi tunelovani metodou ADECO-
RS [10], pri kterém ovSem, na rozdil od této stavby, dochazi
k vyrubu celého zabezpeceného profilu tunelu.

Pri vystavbé tunelu se nejprve provedla razba levé kaloty az
po prepazku z tryskové injektdze, ktera stabilizovala docas-
nou Celbu tunelu. V razbé se pokraovalo pravou kalotou
s postupnym demolovanim délici stény mezi kalotami. Po

model was being developed.

4 NUMERICAL MODEL

The numerical model was developed using the Geo5 FEM
software, the Tunnel module [2]. The software assumes the
solution to a 2D problem in the conditions of planar defor-
mation. The numerical analysis of the process of excavation
is based on the Convergence Confinement Method; it is divi-
ded into several phases. In the first analysis phase, we model
the primary state of stress, where the common ground pres-
sure (primary stress) acts in the location of the future excava-
tion. In the other analysis phases we model the gradual loa-
ding by A-times stress value, acting on the unsupported exca-
vated opening, Subsequently the primary lining is introduced
and is loaded by the remaining (1-A)-times stress. The objec-
tive of this method is to take into consideration the gradual
development of deformations and the transfer of the load
acting on the lining depending on the excavation progress.

In reality, deformations slowly grow in the imaginary
cross-section due to the pre-convergence processes. The rate
of deformation reaches the maximum at the moment when
the excavation face passes through this cross-section. The
deformation development rate gradually drops with the inc-
reasing distance from the excavation face, until the deforma-
tion rate settles on a final value. In the Convergence
Confinement Method, the initiation of deformations is cau-
sed by the removal of the above-mentioned proportion of the
primary stress. The determination of the optimum value of
this proportion is not easy and is influenced by many factors:
geological conditions in the excavation location, the area of
the excavated cross-section and its division, the excavation
advance round length or the time necessary for the activati-
on of the primary support. It applies in general that the lar-
ger proportion of the loading by the ground pressure we
allow to act, the larger deformations of the ground massif in
the surroundings of the excavation and the smaller inner for-
ces in the primary lining. Other details are available, for
example, in [6, 8, 9].
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provedeni véjife z tryskové injektaze pro dalsi sekci se pri-
stoupilo k razbé invertu. Znalost postupu razby a geometrie
tunelu se vyuzila pri vytvareni numerického modelu.

4 NUMERICKY MODEL

Numericky model byl vytvofen v programu Geo5 MKP,
modul Tunel [2]. Program predpoklada feSeni dvourozmérné
ulohy v podminkéch rovinné deformace. Numericky vypocet
procesu razby je zalozen na metodé opérnych napéti
(Convergence confinement method) a je rozdélen do nékolika
fazi. V prvé fazi vypoctu se modeluje primdrni napjatost, kdy
v misté budouciho vyrubu pusobi obecné horninovy tlak (pri-
madrni napéti). V dalSich fazich vypoctu se modeluje postup-
né zatézovani jednak nevystrojeného vyrubu, a to A-ndsob-
kem primarniho napéti a nasledné zavedeni primarniho oste-
ni a jeho zatiZeni zbylym (1-A)-ndsobkem napéti. Cilem
metody je tedy zohlednit postupny vyvoj deformaci a prenos
zatiZzeni na osténi v zdvislosti na postupu razby.

Ve skutecnosti vlivem predkonvergenénich procesu docha-
z{ v myS§leném fezu s bliZici se Celbou k pozvolnému ndrustu
deformaci. Rychlost deformace dosdhne maxima v okamziku,
kdy &elba timto fezem prochdzi. S narustajici vzddlenosti
Celby se vyvoj deformaci postupné sniZuje, az dojde k jejich
ustdleni na kone¢né hodnoté. V metodé opérnych napéti je
iniciace deformaci zpusobena odstranénim jiZz zminéného
podilu primdrniho napéti. Stanoveni optimélni hodnoty toho-
to podilu neni snadné a je ovlivnéno mnoha faktory: geolo-
gickymi podminkami v misté razby, plochou vyrubu a jeho
¢lenénim, délkou zdbéru ¢i Casem nutnym pro aktivaci pri-
madrniho osténi. Obecné plati, Ze ¢im vétsi podil zatiZeni tla-
kem horniny se nechd pusobit na nevystrojeny vyrub, tim
vétsi budou deformace horninového masivu v okoli vyrubu
a naopak mens§i vnitini sily v primdrnim osténi. Dal§i podrob-
nosti Ize nalézt napt. v [6, 8, 9].

V kazdém pripadé lze touto metodou modelovat pouze
koneény stav, kdy dojde k ustdleni deformaci. Urc¢ité zpres-
néni vypoltu pri zachovani dvourozmérného vypocetniho
modelu umoznuje program 2D3D [7] vyvinuty v rdmci pro-
jektu TACR TA01030245. Tento program respektuje postup-
ny proces vystavby tunelu, korektni prenos zatiZzeni jednak
na jiz vybudované osténi béhem razby nevystrojeného vyru-
bu a jednak na nové budované osténi tim, Ze do modelu zava-
di tfeti rozmér a tvar poklesové kotliny na zdkladé konver-
genénich méfeni provddénych v podélném sméru tunelu,
a to jak pred Celbou, tak i za ni. Vice podrobnosti 1ze nalézt
v [7,8].

4.1 Vychozi model

Pro pilotni vypocty byl pouzit vypocetni model poskytnu-
ty spolec¢nosti Metroprojekt Praha a.s. [1] zahrnujici vSechny
podstatné vyztuzné prvky stavby (oblasti s tryskovou injekta-
71, prokotvenou oblast ¢elby) a detailni geologicky fez vytvo-
feny na zdkladé inZenyrskogeologického pruzkumu. Ve vypo-
¢tu rozdéleném do deseti fazi byla zohlednéna postupnd razba
odpovidajici ¢lenéni Celby a narustajici tuhost postupné tuh-
nouciho betonu primdrniho osténi. Pro potfeby posouzeni
vlivu materidlového modelu byl model uvedeny v tomto ¢lan-
ku zjednoduSen. Zc¢4asti byla upravena geometrie, kterd uva-
zuje vodorovny terén. Ddle byl redukovan pocet vrstev geo-
logického fezu, coZ umoznilo pouZit hypoplasticky model
v celém horizontu tvoreném jilovymi sedimenty.
4.2 Geometrie modelu

Profil numerického modelu byl po vysce rozdélem do tf{
vrstev, obsahujici vrstvu navazky, vrstvu sedimentu a vrstvu
bridlic. Toto rozdeleni se provedlo na zakladé ziskanych
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In any case, we are able to use this method for modelling
only the final state, when the deformation rate settles.
Certain refining of the analysis when the two-dimensional
analysis model is maintained is possible when the 2D3D
software [7] developed within the framework of the TACR
TA01030245 project is used. This software respects the gra-
dual process of tunnel construction, the correct transfer of
loading acting on both the already completed lining during
the excavation of the unsupported opening and on the newly
built lining by introducing the third dimension and shape of
the settlement trough into the model on the basis of conver-
gence measurements conducted in the longitudinal tunnel
direction, both ahead of the excavation face and behind it.
For more information see [7, 8].

4.1 Starting model

The analysis model provided by Metroprojekt Praha
a.s. [1] was used for the pilot calculations. It contained all
substantial support elements of the construction (areas stabi-
lised by jet grouting, the excavation face areas stabilised by
anchors) and a detailed geological profile developed on the
basis of engineering geological survey. The gradual excava-
tion process corresponding to the division of the excavation
face and the growing stiffness of the gradually setting pri-
mary lining concrete was taken into consideration in the ana-
lysis divided into ten phases. The model presented in this
paper was simplified for the needs of the assessment of the
influence of the material model. The geometry taking into
account the horizontal terrain was partially modified. In
addition, the number of the layers of the geological profile
was reduced. It allowed for the application of the hypoplas-
tic model to the entire horizon formed by clay sediments.
4.2 Model geometry

The profile of the numerical model was divided vertically
into three layers comprising a man-made ground layer, a layer
of sediments and a shale layer. This division was carried out
on the basis of obtained materials containing the description of
the ground profile [1]. The thickness of the vertical jet grou-
ting wall was chosen, with respect to the overlapping of indi-
vidual 900mm-diameter jet-grouted columns, to be 1.6m. The
shape of the fan supporting the tunnel roof was created accor-
ding to the coordinates of the setting out points found in dra-
wings [1]. The finite element grid was generated with the
basic element dimension of 1m. The grid density was increa-
sed to the spacing of 0.2m toward the tunnel body centre and
at the toes of the jet-grouted walls for the purpose of obtaining
as accurate results of the analysis in important areas as pos-
sible. The exactingness of the analysis was lowered by redu-
cing the grid density by increasing the spacing to 10m at the
problem boundaries, where significant deformations are not
encountered. These modifications are well visible in Fig. 4.
4.3 Measured points

The geometry and the grid of the final elements of the cre-
ated numerical model with points No. 2-4 on which the mea-
surement was conducted is presented in Fig. 4. These mea-
surements were subsequently used for comparing with the
deformations determined by the analysis. The measurement
on these points continued without interruption throughout
the excavation period. For that reason these points are most
suitable for comparing with the numerical model. The other
points were either fixed in the lining the surroundings of
which suffered deformations already during the excavation
of the left-hand top heading or points the measurements on
which were interrupted because of the necessity to remove

the temporary primary lining.




TuouHel

24. rocnik - €. 2/2015

navazka 1

4.4 Material models

As obvious from Fig. 4, the

~]man-made ground

ground profile was divided into

three layers. Since no laboratory
tests were conducted directly for
these layers, their behaviour in the
analysis was controlled by the MC
material model with parameters
defined on the basis of the classifi-
cation according to today already
invalid standard CSN 73 1001.
Laboratory measurements and sub-
sequent calibration were conducted

2, 3, 4 méreni konfergence / 2, 3, 4 convergence measurement

for the layer of sediments, both for
the HJ model and the MC model —

Obr. 4 Zobrazeni sité konecnych prvku a méfenych konvergenénich bodi po vyrubu
Fig. 4 Depiction of the FEM grid and the convergence points measured after the excavation

materidld obsahujicich popis zemniho profilu [1]. Tloustka
svislé tryskové injektdze byla zvolena s prihlédnutim
k prekryvan{ jednotlivych vélca tryskové injektdZe pruméru
900 mm na tloustku 1,6 m. Tvar véjite zajiStujici strop tune-
lu byl vytvofen podle soufadnic vytyfovacich boda
z vykresové dokumentace [1]. Sit’ kone&nych prvku byla
generovdna s velikosti zdkladniho prvku 1 m. Pro ziskdni co
nejpresnéj$ich vysledkld vypoctu ve vyznamnych oblastech
byla sit’ zahus§téna na velikosti 0,2 m ke stfedu tunelového
télesa a u pat stén z tryskové injektdze. Pro sniZeni naro¢nos-
ti vypoltu byla sit’ pfi okrajich ulohy, kde nedochdzi
k vyznamnym deformacim, nafedéna na velikost 10 m. Tyto
Upravy jsou dobfe patrné na obrizku obr. 4.

4.3 Méfené body

Na obr. 4 je zndzornéna geometrie a sit’ koneénych prvka
vytvoreného numerického modelu tunelu s vyznaenymi
body 2-4, na kterych bylo provddélo mérfeni konvergence
tunelu. Tato méfeni ndsledné poslouZzila pro porovndni
s deformacemi stanovenymi vypoltem. Meéfeni v téchto
bodech probihalo bez preruSeni po celou dobu razby, a proto
jsou tyto body nejvhodnéj$i pro porovndni s numerickym
modelem. Ostatni body se bud osazovaly na osténi, jehoZ
okoli se jiz deformovalo béhem raZeni levé kaloty, nebo bylo
jejich méfeni v ¢ase preruSeno z davodu odstranéni docasné-
ho primarniho osténi.

4.4 Materialové modely

Jak je patrné z obr. 4, byl geotechnicky fez rozdélen do tri
vrstev. Nebot pro tyto vrstvy nebyly pfimo provedeny labora-
torni zkousky, bylo jejich chovani ve vypoctu fizeno MC mate-
ridlovym modelem s parametry definovanymi na zdkladé zatri-
déni podle dnes jiz neplatné normy CSN 73 1001. Pro vrstvu
sedimenta bylo provedeno laboratorni méfeni a nasledné kalib-
race, a to jak HJ modelu, tak i MC modelu, viz odst. 2 a vys-
ledky prezentované v [5]. Bylo tak mozné predikci odezvy
ziskanou pouZitim obou modelu porovnat. V toto ¢ldnku jsou
pouzity jak parametry pro zdkladni HJ model, tak model se
zahrnujici intergranuldrni deformaci (HJ-ID). Tabulky 1,2 a 3
shrnuji vSechny pouzité parametry pro HJ a MC modely, a to
jak pro zeminy, tak i tryskovou injektdz. V tab. 1 jsou rovnez
uvedeny mocnosti jednotlivych vrstev v profilu.

Podle provedenych pruzkumt byla v misté stavby pritomna
podzemni voda v hloubce zhruba 6 m. Vzhledem k vysled-
kam laboratornich zkousek provedenych na vzorcich z vrstvy
sedimentd a rychlosti vystavby je moZné vrstvu sedimentd
povaZzovat za vrstvu, kde k vyrovnavani pérovych tlaki bude
dochézet pomalu. Proto se provedly dva typy vypocta. Prvni

let us remember paragraph 2 and
results presented in [5]. It was the-
refore possible to compare the prediction of the response obta-
ined by using both models. Parameters for the basic HJ model
and the model incorporating the intergranular deformation
(HJ-ID) are used in this paper. Tables 1, 2 and 3 summarise all
parameters used for the HJ and MC models, both for soils and
for jet grouting. Table 1 in addition presents the values of
thickness of individual layers contained in the profile.

According to the completed surveys, ground water was
encountered in the construction location at the depth of about
6m. With respect to the results of laboratory tests conducted
on specimens taken from the layer of sediments and to the
construction speed, it is possible to consider the layer of sedi-
ments to be a layer where the equalisation of pore pressures
will proceed very slowly. For that reason, two analysis types
were carried out. The first one was carried out with drained
soils in all of the three layers, the second one was carried out
with undrained soils in the layers of sediments and shale.
Man-made ground remained to be drained. It means that two
boundary situations were simulated. Pore pressures will
immediately equalise in drained soils and water contained in
the soil will not take any load. To the contrary, in the case of
undrained soils, pore pressures will not be quickly able to
redistribute and water inside pores will participate in the tran-
sfer of loads. In reality, the process of the slow redistribution
of pore pressures will take place during the consolidation and
the actual state will approximate one of the states, depending
on the consolidation rate. Identical values of the MC model
parameters were assumed for all calculations for both of the
above-mentioned states, for made-ground and shale. In the
case of sediments, we assumed three variants differing in the
material model applied (MC, HJ and HJ-ID). The total of six
numerical analyses were therefore conducted.

The FEM simulation of the tunnel excavation was divided
into 10 phases in total, with phase No. 10 used for the com-
parison of the results of the analyses and the convergence
measurements. Let us note that the method of reinforcing the
excavation advance core by means of fibreglass anchors was
applied to the excavation. Nevertheless, this fact was not
taken into consideration in the numerical model because of
the fact that the methods of the homogenisation of the ancho-
red massif are not applicable to an HJ model as it is in the
case of an MC model due to different material parameters of
the model. Three values of the thickness of the primary
lining of the tunnel were used. The thickness of 0.4m was
applied to the whole circumference of the excavated ope-
ning; the dividing wall between the top heading parts was
0.3m thick; the bottom of both top heading parts was 0.25m
thick. Concrete grade C30/37 was assumed for the lining [1].
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Tab. 1 Hodnoty materidlovych parametri pro model MC
Table 1 Values of material parameters for the MC model

Tuel

Vrstva E[MPa] v [-] Pes[°] Ces [kPa] y [kN/m3] Yeat [KN/M3] Mocnost [m]
Layer E[MPa] v [-] Pes[°] Ces [kPa] y [kN/m3] Yeat [KN/M3] Thickness [m]
Navazka 12 0,28 35,5 2 20 21 2,8
Made ground 12 0.28 35.5 2 20 21 2.8
Sedimenty 20 0,37 30 20 20 22 17,7
Sediments 20 0.37 30 20 20 22 17.7
Bfidlice 40 0,30 23 25 23 24 50
Shale 40 0.30 23 25 23 24 50
Injektaz 143,6 0,25 14,7 1700 21 22 -
Grouting 143.6 0.25 14.7 1,700 21 22 -

Tab. 2 Hodnoty materidlovych parametrii pro model HJ

Table 2 Values of material parameters for the H] model
Vrstva M K* [] N [] Ocs [°] r[-] v [kN/m?] Year [KN/M3] Mocnost [m]
Layer A K [] N[] bes[] [] y [kN/m®] | yg [kN/m3] | Thickness [m]
Sedimenty 0,051 0,0078 0,677 28,42 0,2 20 22 17,7
Sediments 0.051 0.0078 0.677 28.42 0.2 20 22 17.7

Tab. 3 Hodnoty materidlovych parametrii pro model HJ-ID

Tab. 3 Values of material parameters for the HJ-ID model
Vrstva R[] mR [-] mT [-] Br [] x [-]
Layer R[I mR [-] mT [-] Br[] x []
Sedimenty 0,0001 9,3 9,3 0,2
Sediments 0.0001 913 913 0.2

se provedl s odvodnénymi zeminami ve vSech tfech vrstvdch,
druhy byl proveden s neodvodnénymi zeminami ve vrstvach
sedimentd a bridlice. NavdZzky byly ponechdny odvodnéné.
Simulovaly se tedy dvé okrajové situace, v odvodnénych
zemindch dojde k okamzitému vyrovndni pérovych tlaku,
a voda uvnitf zeminy neprebird Zadné zatiZeni. U ne-
odvodnénych zemin naopak dojde k tomu, Ze se porové tlaky
nestihnou pierozdélit a voda uvnitf péru se bude podilet na
prenaSeni zatizeni. Ve skute¢nosti béhem konsolidace bude
dochdzet k pozvolnému prerozdélovani pdérovych tlaku
a skutec¢ny stav se bude podle rychlosti konsolidace blizit jed-
nomu z obou stavu. Pro oba z vy$e uvedenych stava byly pro
navédzky a bridlice uvazovény stejné hodnoty parametru MC
modelu pro v8echny vypoéty. V piipadé sedimentu byly uva-
Zovdny tfi varianty liSici se pouzitym materidlovym modelem
(MC, HJ, HIJ-ID). Celkem tedy bylo provedeno $est nume-
rickych vypoctu.

Simulace razby tunelu v MKP byla rozdélena celkem do 10
fazi, pfi€emZ pro porovnani vysledkd vypoltu a kon-
vergenénich méreni byla pouzita 10. faze. Je nutno pozname-
nat, Ze pri razbé samotné byla pouZita metoda ztuzeni jadra
pred cCelbou pomoci lamindtovych kotev.
V numerickém modelu v§ak nebyla tato skute¢nost zohledné-

tunelu

na, nebot pro HJ model nejsou kvuli jeho odlisnym materid-
lovym parametrim moZzné metody homogenizace kotveného
masivu, jako je tomu v pripadé MC modelu. Primdrni ostén{
tunelu bylo provedeno v ruznych tloustkdch. Tloustky 0,4 m
nabyvalo po obvodu celého vyrubu, tloustka délici stény mezi
kalotami byla 0,3 m a dno obou kalot mélo tloustku 0,25 m.
Pro osténi byl uvazovén beton tfidy C30/37 [1].

4.5 Construction process

In the Geo5 FEM software, the process is divided into the
so-called phases; the following 10 phases were created in
total in this particular case:

Phase 1 — calculation of original geostatic stress in the
ground massif. In this phase the MC model is assig-
ned to all layers.

Phase 2 — in the case of the calculation using the HJ model,
the MC model used for the calculation of primary
stress in phase 1 is replaced with this model in the
layer of sediments. This procedure is chosen becau-
se of the fact that the hypoplastic model is not defi-
ned for zero stresses and it is therefore necessary to
assign certain initial stress to it.

Phase 3 — execution of jet grouting and the micropile umb-
rella. The circumference of these structures is for-
med by means of free points and lines; the MC
model named “Grouting” is assigned to the area
delimited in this way. Groundwater table is lowered
under the tunnel bottom (see Fig. 5).

Phase 4 — execution of the left-hand top heading excavation
round and deactivation of excavation forces in this
area to 55%.

Phase 5 — incorporation of tunnel lining around the excava-
tion circumference. It is 0.25m thick at the top hea-
ding bottom; the central wall separating the partial
top headings is 0.35m thick and the excavation
peripheral wall is 0.3m thick. The excavation forces
are deactivated to 0%.

Phase 6 — execution of the right-hand top heading excavati-
on round and deactivation of excavation forces in

this area to 55%.
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Phase 7 — incorporation of the 0.25m thick bottom lining and

0.4m thick peripheral lining; the inner forces of the
top heading are at the same time deactivated to 0%.

Phase 8 — removal of the wall separating the top heading

parts.

Phase 9 — removal of the top heading bottom lining and

deactivation of excavation forces in the area of
invert to 70%.

Phase 10 — deactivation of excavation forces of invert to 0%.

Regarding the above-mentioned excavation process, it is

necessary to point out that the process of curing the concre-
te and reinforcing the advance core during the excavation
was not taken into account. It is therefore possible to assume
that the calculated deformations will reach higher values in
comparison with actually measured values.

Obr. 5 Snizeni HPV ve 3. fizi 5 CALCULATION RESULTS

Fig. 5 Water table lowering in phase 3

4.5 Priibéh vystavby
V programu Geo5 MKP se prubéh rozdéluje do tzv. fdzi,
téchto fazi bylo vytvoreno celkem 10:
1. faze — vypocCet puvodni geostatické napjatosti v zemnim
masivu. V této fazi je vSem vrstvam prirazen MC model.
2. fdze — v pripadé vypoctu s HJ modelem je timto modelem
ve vrstvé sedimentt nahrazen MC model pouZity pfi vypo-
¢tu primdrni napjatosti v 1. fazi. Tento postup je zvolen
z davodu, ze hypoplasticky model neni definovdn pro

The Geo5 FEM software [2] allows for recording any

quantity calculated at the particular point by means of dis-
plays so that it is possible to get to in-situ measurements as
close as possible. In this paper, the displays were used for
comparing the values of the numerically calculated horizon-
tal and vertical displacements with the convergence measu-
rements. The values for horizontal and vertical displace-
ments were plotted in graphs where the vertical axis descri-
bes the magnitude of displacements in millimetres and the
horizontal axis describes the chainages in metres at which
the particular measurements were carried out. Vertical dis-

nulovd napéti a je tudiz nutné mu priradit jisté pocatecni | ,jacements of points 2 through to 4, which were measured at

napéti. the moment when the tunnel bottom excavation was already
3.faze — provedeni tryskové injektiZze a mikropilotového beyond this chainage at a distance greater than the total
destniku. Obvod téchto konstrukef je vytvofen pomoci vol- width of the tunnel, were used for the comparison of displa-
nych bodi a linif a ohranitené oblasti je pfifazen materid- cements. Horizontal displacement values were in addition
lovy model MC s ndzvem injektdiZz. Podzemni voda plotted for point 4; the values of this point displacement
je stazena pod droven tunelu, jak ukazuje obr. 5. changed the orientation along the tunnel length and, with
4. fdze — zabér levé horni kaloty a deaktivace exkavacnich sil respect to the location of the point on the lining sidewall, the
v této oblasti na 55 %. values are significant. Because the calculation was carried
5. fdze — vloZeni tunelového osténi po obvodu vyrubu. Jeho out only for one cross-section under the condition of plain
tloustka je 0,25 m na spodnfi stran¢ kaloty, tloustka stfedn{ strain, the values of displacements calculated for each pro-
zdi oddé€lujici kaloty je 0,3 m a tlouStka obvodové stény | blem are represented by a horizontal line passing through all
vyrubu 0,3 m. Exkavaénf sily jsou deaktivovany na 0 %. chainages with an identical displacement value. Let us
6. faze — zabér pravé horni kaloty a deaktivace exkava¢nich remember that the Geo5 FEM-Tunnel software allows only
sil v této oblasti na 55 %. for the determination of the resultant, settled values of sett-
7. fdze — vloZeni osténi pri dné kaloty tloustky 0,25 m a na lement, not their time history.
obvodu vyrubu 0,4 m, sou¢asné dochézi k deaktivaci vnitr- The graphs carried out for the values of displacements of
nich sil kaloty na 0 %. points 2 through to 4 are divided into two groups according
6. FAZE 7. FAZE 8. FAZE 9. FAZE 10. FAZE
PHASE 6 PHASE 7 PHASE 8 PHASE 9 PHASE 10

I i

|

Obr. 6 Osténi po vyrubu véetné zndzornéni uvaZovanych kloubovych napojeni v 6. az 10. fazi
Fig. 6 Tunnel lining after excavation, including depiction of assumed hinges in phases 6 to 10
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Obr. 7 Koneéné deformace za predpokladu odvodnénych zemin — svislé posuny bodu 2, 3 a 4 a vodorovny posun bodu 4
Fig. 7 Final deformations under the assumption of drained soils — vertical displacements of points 2, 3 and 4 and horizontal displacement of point 4

8. faze — odstranéni délici stény mezi kalotami.

9. fdze — odstranéni osténi dna koruny a deaktivace exkavac-
nich sil v oblasti invertu na 70 %.

10. faze — deaktivace exkavacnich sil invertu na 0 %.

K vySe popsanému postupu razby je nutné podotknout, Ze
nebylo zohlednéno zrdni betonu a ztuZeni jadra tunelu béhem
razby. Lze tedy predpokladat, Ze vypocétené deformace budou

3

dosahovat vyssich hodnot v porovnani se skute¢né zmérenymi.

5 VYSLEDKY VYPOCTU

Aby bylo mozné se co nejvice pribliZit in-situ méfeni, umoz-
nuje program Geo5 MKP [2] zaznamendvat libovolné vypo-
&tené velic¢iny v daném bodé pomoci monitort. V tomto pris-
pevku byly monitory vyuzity k porovnéni velikosti vodorov-
nych a svislych posund mezi numerickym vypoltem
a provedenymi konvergenénimi meérenimi. Hodnoty pro vodo-
rovné a svislé posuny byly vyneseny do graft, kde svisld osa

to the system in which the calculations were carried out,
i.e. for drained or undrained soils. The measured deformati-
ons are marked in the graphs by separate points;
a continuous line is used for deformation predictions when
the MC model is used; a dashed line is for predictions when
the HJ model is used and a dash-and-dot line is for predicti-
ons based on the HJ-ID model.
5.1 Drained soil filling the whole cross-section

The difference between the MC and HJ models and the HJ-
ID model is obvious already at the first glance of the graphs
in Fig. 7, which correspond to the use of drained soils filling
the whole cross-section. In this case, the MC and HJ models
locally predict over three times higher deformations in com-
parison with the HJ-ID model. Let us remember that a part of
the calculation error in comparison with the measurement is
attributable to the disregarded influence of anchoring the
advance core. The MC model gets closer to the measured
values at points 2 and 3 (i.e. points of the upper part of the
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Obr. 8 Zobrazeni posunu ve svislém sméru pro modely MC, HJ a HJ-ID — odvodnéné zeminy
Fig. 8 Depiction of vertical displacements for the MC, H] and HJ-ID models — drained soils

popisuje velikost posunu v milimetrech a vodorovna osa stani-
Ceni v metrech, ve kterych byla dand méreni provedena. Pro
porovndni posunt byly pouZity svislé posuny bodu 2 az 4
z okamziku, kdy byla razba dna tunelu jiz ve vzdélenosti vetsi
nez celkova §itka tunelu za timto stani¢enim. Pro bod 4 byly
rovnéZ vyneseny i vodorovné posuny, hodnoty jeho posunu po
délce tunelu ménily orientaci a vzhledem k jeho poloze na
boku osténi jsou jeho hodnoty podstatné. JelikoZ je vypocet
proveden pouze pro jeden fez za podminek rovinné deforma-
ce, jsou vypoctené hodnoty posunt z kazdé tdlohy zndzornéné
vodorovnou pfimkou prochdzejici vSemi stanienimi se stej-
nou hodnotou posunu. Je nutno zminit, Ze program GeoS5
MKP-Tunel umoznuje stanovit pouze vysledné, ustdlené hod-
noty sednuti a nikoliv jejich ¢asovy prubéh.

Vytvorené grafy pro hodnoty posund bodu 2 aZ 4 jsou roz-
déleny do dvou skupin, podle toho zda jsou vypoéty provede-
ny pro odvodnéné, anebo neodvodnéné zeminy. Na grafech
jsou samostatnymi body vyznafeny méfené deformace, plnou
Carou predikce deformace za pouziti MC modelu, carkovanou
¢arou predikce za pouZziti HJ modelu a cerchovanou carou
predikce na zdkladé modelu HJ-ID.

5.1 Odvodnéné zeminy v celém profilu

Jiz pti prvnim pohledu na grafy na obr. 7 odpovidajici pou-
ziti odvodnénych zemin v celém profilu je patrny rozdil mezi
modely MC a HJ a modelem HJ-ID. Modely MC a HJ zde
predikuji misty vice neZ trojndsobné deformace v porovnani
s modelem HJ-ID. Cést chyby vypo&tu v porovnani s mé-
fenim jde na vrub zanedbani vlivu kotveni jadra tunelu.
Model MC se u bodu 2 a 3, coZ jsou body horni &dsti osténi,
blizi vice naméfenym hodnotdm neZzli model HJ, nicméné
tyto rozdily nejsou vyznamné. Z tohoto pohledu se model
HJ-ID muZe jevit jako prili§ tuhy, viz napf. bod 4 na obr. 7,
aCkoliv vypoctené hodnoty sednuti jsou ve velmi dobré shodé
s hodnotami méfeni. Je tedy na zvdZeni posoudit Géinek ztu-
Zeni jadra na pripadny pokles deformaci pfi jiz tak zabezpe-
&eném obvodu vyrubu tryskovou injektdzi. Grafim na obr. 7

lining) than the HJ-ID model. Nevertheless, these differen-
ces are not significant. From this point of view, the HJ-ID
model may appear to be too stiff, see for example point 4 in
Fig. 7, even though the calculated settlement values are in
very good agreement with the measured values. It is therefo-
re up to consideration whether reinforcing of the advance
core is to be assessed for a contingent decrease in deforma-
tions at the excavation opening circumference already stabi-
lised by jet grouting. The distribution of vertical and hori-
zontal deformations in the tunnel excavation surroundings
(see Figures 8 and 9) corresponds to graphs in Fig. 7.
5.2 Undrained soils in the layers of sediments and shale
Another set of graphs depicts the results of the calculation and
measurements when undrained soils are used in the layers of
sediments and shale. In the case of undrained soils, the equali-
sation of pore pressures, therefore also flowing of groundwater
through the ground massif, are prevented. Water contained in
the soil participates most of all in the transfer of stresses. This
fact will substantially restrict the development of volumetric
deformations of the porous soil skeleton; in other words, it will
contribute to a significant increase in the volumetric stiffness of
the soil. On the other hand, it will also contribute to reducing the
effective stresses due to the increase in pore pressures. The inc-
reased stiffness will in this case manifest itself by a decrease in
the calculated deformation, which is obvious for all of the
models used. Anyway, if we assume that the prediction will be
improved by the application of the HJ-ID model, it will be pos-
sible on the basis of the comparison of the results presented in
Figures 7 and 10 to prefer the assumption of drained conditions,
as it was in the case of the original study [1]. For illustration, we
again present in Figures 11 and 12 the distribution of vertical
and horizontal displacements predicted by individual models.
5.3 Development of deformations with respect
to the model used

It is obvious from the presented results that the choice
of the material model for the layer of sediments has no

36,7 29,5 26,1
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Obr. 9 Zobrazeni posunit ve vodorovném sméru pro modely MC, HJ a HJ-ID — odvodnéné zeminy
Fig. 9 Depiction of horizontal displacements for the MC, H] and HJ-ID models — drained soils
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Obr. 10 Konecné deformace za predpokladu neodvodnénych zemin
Fig. 10 Final deformations under the assumption of undrained soils

odpovida rozlozeni svislych a vodorovnych deformaci v okoli
vyrubu tunelu na obr. 8 a 9.

5.2 Neodvodnéné zeminy ve vrstvach sedimentt
a bridlice

Dalsi sada grafi zobrazuje vysledky vypoltu a méfeni pri
pouziti neodvodnénych zemin ve vrstvdch sedimenta a bfid-
lice. Pri neodvodnénych podminkich je zabranéno vyrov-
ndvani pérovych tlaku, a tedy proudéni vody v zemnim masi-
vu. Na prendSeni napéti se podili zejména voda obsazena
v zeminé. To vyrazné omezi vyvoj objemovych deformaci
porézniho skeletu zeminy, jinymi slovy prisp€je k vyznam-
nému zvySeni objemové tuhosti zeminy, na druhé stran¢ vSak
ke snizeni efektivnich napéti v dusledku nérustu pérovych
tlaka. ZvySeni tuhosti se v tomto pripadé projevi poklesem
vypoctené deformace, coz je patrné pro vSechny pouZzité mode-
ly. Bude-li se v8ak pfedpoklddat zlepSeni predikce posunt uZi-
tim modelu HJ-ID, lze z porovnédni vysledka na obr. 7 a 10

fundamental influence on the prediction of resultant displa-
cements. It is so first of all because of the fact that the degree
of stiffening by the effect of jet grouting in the excavation
surroundings is high. The significant stiffening principally
affects both the vertical and horizontal displacements.
Anyway, the assessment of both models from the aspect of
the development of deformations during the simulation of
the sequential excavation, see paragraph 4.5, depending on
changes in the direction of loading that occur during the con-
struction is worth mentioning. Taking into consideration the
comment in paragraph 5.2, we will restrict ourselves in the
next text only to the behaviour of individual models under
the assumption of drained soils.

As obvious from Fig. 13a, it is in the case of horizontal
displacements of point 4 (uy) possible to observe a different
response, mainly for the first phase of building (phases 2-5).
In phase 3, displacement u, in the beginning steeply grows.
This fact can be attributed to a change in the water table level
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Obr. 11 Zobrazeni posunit ve svislém sméru — neodvodnéné zeminy pro modely MC, HJ a HJ-ID
Fig. 11 Depiction of vertical displacements — undrained soils for the MC, H] and HJ-ID models

uprednostnit predpoklad odvodnénych podminek, jak tomu
bylo i v pfipadé puvodni studie [1]. Pro ilustraci je opét uve-
deno na obr. 11 a 12 rozloZenfi svislych a vodorovnych posu-
nu predikovanych jednotlivymi modely.

5.3 Vyvoj deformaci vzhledem k pouzitému modelu

Z predloZenych vysledku je ziejmé, Ze volba materidlového
modelu ve vrstvé sedimentd nemd na predikci vyslednych
posunu v tomto pripadé zdsadni vliv. Divodem je zejména
vysoky stupen vyztuzeni tcinkem tryskové injektdze v okoli
vyrubu, tedy znaéné ztuzeni principidlné ovliviujici jak svislé,
tak i vodorovné posuny. Za zminku v§ak stoji posouzeni obou
modelt z pohledu vyvoje deformaci béhem simulace postupné
razby, viz odst. 4.5, v zavislosti na zméndch sméru zatiZeni, ke
kterym béhem vystavby dochdzi. Vzhledem ke komentari
v odst. 5.2 se v dalSim textu autofi omezi pouze na chovani
jednotlivych modelt za predpokladu odvodnénych zemin.

Jak je patrné z obr. 13a, lze v pfipadé vodorovnych posunu
bodu 4 (uy) sledovat rozdilnou odezvu zejména pro prvni faze
budovini (faze 2-5). Ve fazi 3 posun uy nejprve strmé roste,
coz lze prisoudit zméné HPV v okoli tunelu. Nasledujici
zabér kaloty ve fdzi 4 vyvold dal3i ndrust deformace smérem
do tunelu, pritom dojde k odtiZeni zeminy za sténou
z tryskové injektaZe. Pri odtiZeni modul pruznosti nabyva
i trojndsobné hodnoty, a to se projevuje na rozdilné velikosti
vzniklych posunt mezi obéma modely. MC model md modul
pruznosti konstantni, zatimco modul pruznosti HJ se vyviji na
zdkladé aktudlniho stavu zeminy a zpUsobu pfitiZeni. Ve fazi
5 za soucasného vloZeni nosniku dochézi k deaktivaci exka-
vacnich sil na hranici osténi na 0 %. Béhem provedeni zdb¢-
ru pravé kaloty ve fazi 6 dochdzi k rozdilu v orientacich mezi
deformacemi obou modelu. Tento rozdil v odezvé je ziejmé
dusledkem odli§né formulace tuhosti modelu. Zatimco MC
model uvazuje konstantni elastickou tuhost danou modulem
pruznosti E (sniZeni tuhosti pfi plastickém zatéZovani je
zohlednéno elasticko-plastickou matici tuhosti) pro vSechny

in the tunnel surroundings. The next top heading excavation
round in phase 4 causes additional increase in deformation in
the direction of the tunnel interior. As a result, the soil
behind the jet-grouted wall is unloaded. In the case of unlo-
ading, the modulus of elasticity assumes even three times
higher values. This increase manifests itself on the magnitu-
de of originating displacements, which differs at both
models. Let us remember that the modulus of elasticity is
constant in the MC model, whilst the modulus of elasticity in
the HJ model develops on the basis of the current state of soil
and the manner of loading. In phase 5, the excavation forces
at the lining border are deactivated to 0% concurrently with
the insertion of beams. The orientation of deformations in
both models begins to differ in phase 6 during the right-hand
top heading excavation round. This difference in the respon-
se is most probably the result of the different formulation of
the stiffness in the two models. Whilst the MC model assu-
mes constant elastic stiffness given by the modulus of elasti-
city E (the reduction of stiffness during plastic loading is
taken into account by the elasto-plastic matrix of stiffness)
for directions of the surcharge loading, the stiffness in the HJ
model is different in the cases of surcharging and unloading.

It is in addition obvious when the development of these
displacements in both models is observed that the changes in
deformations are virtually always greater in the case of the
MC model and, in the phase where the layer of sediments is
being removed, these differences are much more noticeable.
The modulus of elasticity E = 20MPa used in the MC model
corresponds to the oedometric modulus with the value of ca
Eoed = 30MPa. Such a modulus can be attributed to lower
stress degrees of the oedometer test, therefore to the higher
development of deformations. From phase 7 on, the u, dis-
placement curves are very similar and their development is
controlled mainly by the MC model in the layer of shale
during the excavation of the remaining space of the tunnel.
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Obr. 12 Zobrazeni posunu ve vodorovném sméru — neodvodnéné zeminy pro modely MC, HJ a HJ-ID
Fig. 12 Depiction of horizontal displacements — undrained soils for the MC, HJ and HJ-ID models
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Obr. 13 a) Vyvoj vodorovnych deformact bodu 4 v prubéhu razby, b) Poklesovd kotlina na konci vystavby
Fig. 13 a) Development of horizontal deformations of point 4 during the excavation, b) Settlement trough at the construction end

sméry pritiZzeni, tuhost HJ modelu se pri pritizeni a odtizeni
INS

Pii sledovdni vyvoje téchto posuni u obou modelu je také
ziejmé, ze zmény deformaci jsou u MC modelu prakticky vzdy
vétsi a pii fdzi, kde dochdzi k odt€Zovani vrstvy sedimentu, jsou
tyto rozdily mnohem znatelnéjsi. Modul pruznosti E = 20 MPa,
pouzity u MC modelu, odpovidd edometrickému modulu
0 hodnoté cca Eged = 30 MPa. Takovyto modul lze priradit niz-
$im napétovym stupnam edometrické zkousky, a tedy vyS$Sim
vyvinum deformace. Od fdze 7 jsou si prubéhy posunu uy jiz
zna¢né podobné a jejich vyvoj je fizen zejména MC modelem ve
vrstvé bridlic béhem razby zbylého prostoru tunelu. V pripadé
modelu HJ-ID je pfedev§im patrny velmi maly pocate¢ni vyvoj
posunu ve fazi 3 dany vys§i tuhosti materidlu pfi velmi malych
deformacich. Nésledny charakter vyvoje posunu uy je v podstaté
shodny s prubéhem posunu predikovanym HJ modelem, kdy
koncepce intergranuldrni deformace se jiZ neuplatni.

I kdyZ nejsou diky provedenym opatienim rozdily
v posunech pfi pouZiti riznych modelt nikterak vyznamné,
viz také porovnani vyslednych svislych posunt na terénu
(obr. 13b), odliny trend vyvoje posunu predikovany hypo-
plastickymi modely a Mohr-Coulombovym modelem je
z obr. 13a zfejmy.

6 ZAVER

Clének predstavil zjednodugeny 2D MKP model tunelu raZe-
ného NRTM a porovnal vysledky ziskané pri pouziti hypoplas-
tického modelu pro jemnozrnné zeminy s vysledky Mohr-
Coulombova modelu. Vzhledem k charakteru technologickych
opatieni, které mély za tikol minimalizovat deformace zpusobe-
né razbou, jsou predikované deformace relativné malé a rozdily
mezi modely nejsou zdsadni. Podstatné vétsi rozdil mezi predik-
cf ziskanou konvenénim MC modelem a HJ modelem je mozné
pozorovat zejména v pripadech, kdy dochézi k vét§im deforma-
cim, jak bylo demonstrovano v [4] na pfipadu Kralovopolskych
tuneld.

Presnéjsi predikce deformaci by vyZadovala detailnéjsi model
zohlednujici zejména tuhosti materidlu tryskové injektdze,

The very small initial development of displacements in
phase 3 given by the higher stiffness of the material at very
small deformations is obvious most of all in the case of the
HJ-ID model. The subsequent character of the development
of displacement uy is in essence identical with the develop-
ment of the displacement predicted by the HJ model, where
the intergranular deformation concept no more applies.

Even though the differences in displacements when vari-
ous models are used are not too significant owing to the
implemented measures, see also the comparison of resultant
vertical displacements on the terrain surface (see Fig. 13b),
the different trends of the development of displacements pre-
dicted by hypoplastic models and the Mohr-Coulomb model
are obvious from Fig. 13a.

6 CONCLUSION

The paper introduced a simplified 2D FEM model of
a tunnel driven using the NATM and compared results obta-
ined by the application of the hypoplastic model for fine-
grained soils with the results of the Mohr-Coulomb model.
With respect to the character of the technological measures
designed to minimise deformations induced by the excavati-
on, the predicted deformations are relatively small and dif-
ferences between the models are not fundamental.
Substantially greater difference between the prediction obta-
ined by the conventional MC model and the HJ model could
be observed mainly in the cases where larger deformations
occur, as demonstrated in [4] on the Krdlovo Pole tunnels
used as an example.

A more accurate prediction of deformations would require
a more detailed model, taking into account first of all the
stiffness of the jet grouting material, taking the reinforced
and anchored excavation advance core into consideration,
and more detailed knowledge of mechanical properties of the
other layers of the geological profile. Despite it, qualitative
differences in the prediction of the settlement trough on the
terrain surface, where the MC model predicts an unrealistic




TuHel 24. rocnik - €. 2/2015

uvazeni vyztuZeného prokotveného jadra vyrubu a detailnéjsi w-shaped settlement trough (similar results are also presented

znalost mechanickych vlastnosti ostatnich vrstev geologického in [4]), can be observed even using the above-mentioned sim-

profilu. Presto 1ze i s uvedenym zjednodusenym modelem pozo- plified model.

rovat kvalitativni rozdily v predikci poklesové jamy na terénu, Jointly with paper [5] dealing with the procedure of deter-

kdy MC model predpovidd neredlnou poklesovou kotlinu ve mining the values of material parameters used in the analy-

tvaru pismene ,,w* (obdobné vysledky uvadi téz [4]). ses presented above in more detail, the reader can gain ove-
Spole¢né s ¢lankem [5], ktery se detailné vénuje postupu sta- rall notion of the practical application of the hypoplastic

noveni hodnot materidlovych parametri pouZitych v pre- model from the assessment of laboratory tests using the 2D

zentovanych vypo&tech, miiZe ¢tendf ziskat ucelenou predstavu FEM software up to the practical application of the software

o praktickém pouziti hypoplastického modelu od vyhodnoceni in the hypoplastic model.

laboratornich testdi pomoci 2D MKP softwaru aZ po jeho prak- Taking account of the higher stiffness of soil at very small

deformations (the expansion of the model marked as HJ-ID)
within the context of the solution to the excavation in 2D
conditions using the Convergence Confinement Method is
a question that deserves a more detailed study. When the
Convergence Confinement Method is used, it is necessary to
remember that the excavation process consisting of two steps

tické pouZziti v MKP modelu.

Otdzkou, ktera si zaslouZzi detailnéjsi studium, je zohlednéni
vyS§i tuhosti zeminy pri velmi malych deformacich (rozsifeni
modelu znacené HJ-ID) v kontextu feSeni razby ve 2D podmin-
kdch metodou opérnych napéti. Pii pouZiti metody op€rnych
napéti je nutné pamatovat na to, Ze postup razby ve dvou kro- . . : o ]
cich je pouhym numerickym néstrojem, jak zohlednit miru akti- is a mere numerical tool how to take the primary lining acti-

. < . . e A oraXiX o . vation rate into account. It is true that the intermediate phase
vace primarniho osténi. Mezilehld faze s ¢aste¢né aplikovanymi . . . .
S, f1c Az PO with partially applied excavation forces does not correspond
exkavanimi silami pri tom neodpovidd Ziddnému redlnému o .
to any realistic state of the structure. Taking account of the

stavu konstrukce. Zohlednéni tuhosti pfi malych deformacich se . . . - .
P A stiffness at small deformations will manifest itself only

rojevi pouze v prvnim kroku razby, coZ jisté neodpovida reali- . . . . . .
projevip ,IV), Y . P during the first excavation step. This thing certainly does not

¢, pokud se uvazi celkovd 3D geometrie skutecné dlohy. correspond to reality if we take the overall 3D geometry of

PODEKOVANT the problem into consideration.
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FOTOREPORTAZ Z TUNELU POVAZSKY CHLMEC (FoTo: ING. LIBOR MARIK)

PICTURE REPORT FROM POVAZSKY CHLMEC TUNNEL
(PHOTO: ING. LIBOR MARIK)

Bl

Obr. 1 Zdpadni portdl, konstrukce Zelv na jizni a severni tunelové troubé

Fig. 1 Western portal, the structure of the cover-and-cut vaults at the southern and northern tunnel tubes

-

I - i

Obr. 2 Zdpadni portdl, severni tunel po vyraZeni kaloty a jadra
Fig. 2 Western portal, the northern tunnel tube after the completion of the top
heading and bench excavation

Obr. 4 Stiedni jama, severni tunel, pohled na konstrukci Zelvy (vzddlenost
portili 12,5 m)

Fig. 4 Central pit, northern tunnel tube, a view of the cover-and-cut vault
(distance between portals of 12.5m)

PESREE Y = £ i

Obr. 3 Zdpadni portdl, zajisteni klenbou Zelvy a velkoprumérovymi pilotami
Fig. 3 Western portal, support provided by the cover-and-cut vault and large-
profile piles

Obr. 5 Stredni jama, jizni tunel, pohled na vychod po vyraZeni kaloty
Fig. 5 Central pit, southern tunnel tube, an eastern view after the completi-
on of top heading excavation
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FOTOREPORTAZ ZE SLAVNOSTNIHO OTEVRENI
PRODLOUZENI METRA V.A 6. 4. 2015

PICTURE REPORT FROM THE INAUGURATION
OF THE METRO V.A EXTENSION ON 06/04/2015

Foto/Photo Josef Husdk
Obr. 1 Pripravend pdska k otevieni Obr. 2 Slavnostni projevy

Fig. 1 The tape prepared for the opening event Fig. 2 Ceremonial speeches

FotolPhoto Ing. Jiri Junek
Obr. 3 Slavnosti prestiihnuti pasky Obr. 4 Stanice NddraZi Veleslavin
Fig. 3 Ceremonial cutting the tape Fig. 4 NddraZi Veleslavin station

“Q\‘\!\“‘ml ’

. .. FotolPhoto Josef Husdk . . FotolPhoto Josef Husdk
Obr. 5 Stanice Petriny Obr. 6 Stanice Nemocnice Motol

Fig. 5 Petriny station Fig. 6 Nemocnice Motol station




SPOLEHLIVE
PARTNERSTVI

Spole¢nost Minova Bohemia s.r.o.,

jako soucast skupiny Orica Ltd., patfi mezi
predni svétove dodavatele kotevni techniky,
injekEnich materialt a Cerpaci techniky.

Nabizime ucelené portfolio technologii

a produktu, které bylo provéreno fadou
uspé&snych akci nejen v Ceské republice,
ale také v zahranici.

Nasim partnerim standardné poskytujeme
technické poradenstvi pro feSeni obtiZznych
situaci pfi vystavbé ¢i sanacich vSech typu
podzemnich dél.

Keeping People Safe Underground

E ORICA

www.minova.cz | www.orica.com Minova Bohemia

ANGERMEIER
©

Angermeier Engineers, s.r.o.

Prazska 810/16, 102 21 Praha 10

tel.: +420 281 017 408

mob.: +420 603 842 041
www.angermeier.cz, info@angermeier.cz

| Jsme drziteli certifikati podle CSN EN 1SO 9001:2009 a 14001:2005

Nabizime - spolehlivost, kvalitu
a vice nez 20letou zkusenost v oboru

» inZenyrska geodézie doprovazejici vystavbu

e tvorba, Udrzba a kontrola pfesnych vytyGovacich siti

3D skenovani a jeho vyhodnoceni

e vypocet vyty€ovacich prvkld (smérové a vySkové vedeni tras)

velmi presna méreni deformaci vieho druhu véetné automatizovanych

specialni geodetické prace dle prani stavebnich firem

ZkuSenosti z malych i velkych staveb doma i v zahranici:

tunely Mrazovka, Dobrovského, Lahovice, Blanka, Sudomérice
Chenani Nashri Tunnel - Indie

tunely Svréinovec, Povazsky Chlmec - SK

metro V.A a metro IV C1, Praha

Nové zelezniéni spojeni, MUK Malovanka, Praha

kolektory a razby malych profil(

bezbariérové pristupy do metra

tramvajové trati Barrandov a Radlicka, Praha

koridorové stavby




SPRAVA ZELEZNICNi DOPRAVNI CESTY, —v;

STATNI ORGANIZACE 5 DC

Sprava Zelezniéni dopravni cesty

SZDC V DATECH SZDC ZA|JISTUJE
1. ledna 2003 Vznik Spravy Zelezni¢ni dopravni cesty + provozovani Zelezni¢ni dopravni cesty,
od 1. ledna 2004 Investorsko-inzenyrska éinnost pro zelezniéni projekty + provozuschopnost Zelezniéni dopravni cesty,
(pfechod stavebnich sprav CD pod SZDC) + rozvoj a modernizaci Zelezniéni dopravni cesty,
od 1. kvétna 2004 Pfidélovani kapacity dopravni cesty + (dribu a opravy Zelezniéni dopravni cesty,
od 1. ¢ervence 2008 Provozovani drahy (mj. sestavovani a vydavani jizdnich Fadi) + pfipravu podkladi pro sjedndvani zavazki vefejné sluzby,
od 1. zaF 201 Obsluha drahy a fizeni zelezni¢niho provozu + kontrolu uzivani Zelezniéni dopravni cesty,
(SZDC se stava plnohodnotnym manaZerem Zelezniéni infrastruktury v CR) provozu a provozuschopnosti drahy.

ZELEZNICNI SIT sZDC

Délka trati celkem 9 469km

Délka elektrizovanych trati 3 217km

Délka trati normélniho rozchodu 9 446 km

Délka (zkorozchodnych trati 23km

Délka jednokolejnych trati 7 541km

Potet wyhybkovych jednotek 23756

F-’o-éet mcst_d 6 79;_2;. Sprava Zelezniéni dopravni cesty, statni organizace
Dlazdéna 1003/7

Podet tunell 164 10 00 Praha 1

> ™ tel.: +420 222 335 911

Celkova délka mosti 153 687m httpy//www.szde.cz

Celkova délka tuneld 45732m gmalinfo@sdee:

Pocet zelezni¢nich pfejezdi 8001

Doprava

STATNI FOND DOPRAVNI
Fond soudrinestl NFRASTRLKTLRY

i

Eviopskd unie ‘ e -
— Ministerstvo dopravy fd
Operaéni program - R \ S sfdi

Stavba je soucasti modernizace vnitrostatniho IIl. tranzitniho Zelezniéniho koridoru — zapadni éast.
Ugelem modernizace je predevaim dosaZeni vy&sich technickych parametri koridorové trati, véetné
zkraceni jizdni doby vlak(, zvy$eni bezpecnosti Zeleznitniho provozu a zvy$eni komfortu pro
cestujici.

Navrzenym smérovym a vySkovym vedenim trasy a z toho vyplyvajicimi stavebnimi dpravami se
podafi dosahnout v celem Useku stavby tratové rychlosti 120 km/h pro klasické vozové jednotky a
rychlosti 160 km/h pro jednotky s naklap&cimi skfinémi.

Doba vystavby 2013 — 2017

StéZejni zalezitosti stavby je vystavba tunelu Ejpovice - dvou jednokolejnych tunell délky
4 150 m pod terénnimi Utvary Homolka a Chlum. RaZba tunell, zahajena 31. ledna 2015,
je provadéna technologii TBM. Tunelovy razici stroj vyrobeny ve firmé Herrenknecht pod
vyrobnim oznadenim TBM S-799 a dne 23.1.2015 slavnostné pokitény na ,Viktorie® ma
prumeér fezné hlavy 9,84 metrl, je dlouhy pifes 114 metrd, vazi pfiblizné 1800 tun a ma
elektricky pfikon 6 MW.

Modernizace se dotyka viech Zeleznicnich zafizeni. Kromé modernizace Zeleznicniho
svriku budou v rémci stavby rovnéz postaveny nové, nebo rekonstruovany stavajici mosty
a propustky. Pro zajisténi plynulosti a zvySeni bezpeénosti Zelezniéniho provozu bude
zfizeno nové stanitni a tratové zabezpetovaci zafizeni s navazanim na sousedni stanice.

Objednatel:

Sprava Zelezniéni dopravni cesty, statni organizace, zastoupena Stavebni spravou zapad
Zhotovitel: ;

Sdruzeni MTS + SBT — MTU Rokycany — Plzen (Metrostav a.s. - Subterra a.s.)
Projektant:

ZDS - SUDOP PRAHA a.s., RDS — Metroprojekt Praha a.s.
Technicky dozor investora na tunel:

SdruZenl InZzenyring dopravnich staveb a.s. — SATRA spol. s r.o.
Zhotovitel geotechnického monitoringu:

Sdruzeni GEOtest, a.s. — Angermeier Engineers, s.r.o.

Stavba je spolufinancovana z Fondu soudrznosti v ramci Operaéniho programu doprava ve vy$i 76,44 % ze zplsobilych nakladi stavby, coz ¢ini v maximalni
mife 3 419 440 199 K&. Narodni spolufinancovani je zajisténo z prostiedkd Statniho fondu dopravni infrastruktury.

SIBTERAS Azuzes. M 0w B gy GEOfesr
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Iinzenyring
DOPRAVNICH STAVEB

a. S.

Partner pro vase stavby

Dritel certifikatu jakosti dle CSN EN I1SO 9001, 14001, OHSAS 18001

Spoluprace pii vytvafeni investi¢niho zaméru investora Assistance in the development of an investment program
Obstaravani a vedeni projektt Project procurement and management
Zajisténi izemniho rozhodnuti a stavebniho povoleni Provision of zoning decisions and building permits
Organizovani soutézi na vybér dodavatel Organising tender procedures for the selection of contractors
Zeméméricské prace Surveying

Technicky dozor investora Investor supervision services

Kolaudace stavby a jeji predani uzivateli Inspection of completed buildings and transfers to the user
Studijni provéfovani vyuzitelnosti pozemki Studies evaluating land utility

TRADICE, ZKUSENOSTI A ROZSAHLE REFERENCE

Na Morani 3/360 e-mail : ids@ids-praha.cz
128 00 Praha 2 http: / / www.ids-praha.cz




Vas spolehlivy partner pro vSechny stavby
v kontaktu se zemnim prostfedim

ZAKLADANI STAVEB, a. s.
K Jezu 1, 143 01 Praha 4, www.zakladani.cz

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

ZKUSEBNI PROVOZ NA NOVE TRATI ERFURT
- LIPSKO/HALLE

Deutsche Bahn usilovné pokracuji ve stavbé pdterni severo-jizni
Zelezni¢ni trasy Berlin — Norimberk — Mnichov s pokracovanim
do italské Verony. V jejim ramci bude celkové zkrdcena na polo-
vinu pavodni cestovni doba z Berlina do Mnichova.

Na dokonceném 123 km dlouhém dseku Erfurt — Lipsko/Halle,
ktery je navrZen na rychlost 300 km/hod., probihaji od srpna 2014
zkousky a jeho uvedeni do provozu se predpoklddd v prosinci
2015. Usek zahrnuje mnoho umélych staveb, mezi kterymi jsou tii
tunely: Finne (6970 m), Bibra (6466 m) a Osterberg (2082 m).

Na jiz dokoncéenou trasu Mnichov — Norimberk navdze v roce
2017 dsek Norimberk — Erfurt.

NOVA ZELEZNICNI TRASA WENDLINGEN - ULM

Symbolickym zacdtkem razby tunelu Bossler na nové Zeleznic-
ni trase délky 59,6 km mezi Wendlingem a Ulmem byl 8. listo-
padu 2014 slavnostni kfest tunelovaciho stroje dodaného firmou
Herrenknecht. Na celé trase je devét tunelq, jejichz celkova délka
tvori skoro polovinu trasy. Tunel Bossler (8806 m) je ze vSech
tunelt nejdelsi a spole¢né s ndsledujicim tunelem Steinbiihl
(4847 m) prevadéji trasu z niz§iho dzemi za Wendlingem na
Svabskoalpskou nahorni planinu. Tunely jsou tvoreny dvéma jed-
nokolejnymi tunelovymi troubami a mezi nimi prekonava udoli
485 m dlouhy most Filstal.

Razba tunelu Bossler byla zahdjena od portdlu Aichelberg tune-
lovacim strojem praméru 11,34 m, ktery po vyraZeni pravdépo-
dobné 2,8 km dlouhého dseku bude vytaZzen a znovu nasazen na

stejné dlouhou razbu druhé tunelové trouby. Zelezobetonové seg-
menty pro osténi se k portdlu dovézeji po jiz vybudovanych kole-
jich.

Zbytek tunelu se bude razit konvenéné z mezilehlé rozrazky
dovrchné i tpadné pomoci dvou Celeb v kazdém tunelu.
K rozrazce byl jiz vyrazen 984 m dlouhy pristupovy tunel.
Dokonceni tunelu Bossler se pldnuje v roce 2018 a celd trasa ma
byt hotova v roce 2021.

NOVE ZELEZNICNI KRIZENI PYRENEJI

Zrychleni dopravy a zvySeni objemu dopravovaného zboZi
mezi Francii a Spanélskem by méla zajistit nové trat’ pfes cent-
ralni pyrenejsky horsky masiv. Od roku 2013 velmi intenzivné
pokraCuje zpracovani analyz a studii souvisejicich se zdmérem
postavit tuto vysoce kapacitni trat’ zahrnujici bazovy tunel.

USPECH CINSKYCH ZEMINOVYCH STITU V MALAJSII

Cinskd spole¢nost CREG (China Railway Engineering
Equipment Group Co., Ltd.) vyprojektovala a vyrobila pro razbu
tuneld v Kualu Lumpur dva zeminové §tity o pruméru fezné
hlavy 6670 mm. Ve slozitych mistnich i geotechnickych podmin-
kach vyrazily Stity tunely délky 2814 m, pri¢emzZ jejich maxi-
malni mésiéni vykony byly 330 m, resp. 345 m. Razby byly
dokonceny v fijnu 2014.

Ze si vedeni CLR tspé$ného vyrobce 3titd vazi, dokazuje
i ndvstéva ¢inského prezidenta Xi Jingpinga ve vyrobnim zdvodu
CREG v kvétnu 2014.
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Uspéiné nasazeni §titd v Malajsii vedlo k dal§im objedndvkam,
napriklad pro linku podzemni dréhy v Singapuru. Po ovladnuti spolec-
nosti Wirth TBM v roce 2013 CREG nabizi také zafizeni pro strojni
hloubeni Sachet. Zalozenim pobocky v Némecku chce firma vstoupit
i na evropsky a jihoamericky trh.

ROZVOJ ZELEZNICE PODEL RYNA

Rynskd Zeleznice je jednou z nejvytizenejSich Zelezninich tras
v Evropé. Aby zvlddla dopravu kontejneri z pfistavi u Severniho
mote do Svycarska a Itilie, je postupné prebudovévéana na Gtyikolej-
nou. S tim souvisi i stavba nového dvojkolejného tseku délky 10 km
jizn€ od Karlsruhe, jehoZ soucasti je i 4270 m dlouhy tunel Rastatt.

PRELOZENI DALNICE A2 V MAASTRICHTU DO PODZEMI

Stavba se nazyvd ,,Zeleny koberec*, coZ naznacuje, Ze prostor sou-
Casného pratahu vytiZzené délnice A2 méstem Maastricht se md zménit
na klidny méstsky prostor skoro parkového charakteru s minimalnim
automobilovym provozem.

Nejde ale jen o prelozeni ddlni¢niho tahu do podzemi v délce
2,3 km. Hloubenym zpusobem vétSinou pod ochranou §tétovnicovych
stén se buduje dvoupatrovy tunel se samostatnymi tunelovymi trouba-
mi pro kazdy smér. Spodni droven je uréena pro provoz délnice, hor-
nim patrem bude jezdit mistn{ a regiondlni doprava. Na kazdém konci
tunelt budou tedy dva samostatné portély pro spodni a horni tunel.

Uvedeni tunelt do provozu se predpoklddd koncem roku 2016.

PRVNI DALNICE V CERNE HORE

BliZi se zahdjeni stavby 169,2 km dlouhé dédlnice mezi Barem
a Boljare, kterd bude prvni délnici v Cerné Hore. Stavba zatne 41 km
dlouhym dsekem mezi Smokovace-Uvce a Matesevo, na kterém je 11
tunelt celkové délky 14 km. Financovéni zajist{ z 85 % ¢inskd Exim
Bank a ¢inské firmy CCCC CRBC v roce 2014 ziskaly dodavatelstvi
tohoto dseku.

ZAJISTENI RAZEB VARSAVSKEHO METRA

Ve Var$avé se stavi druhd linka metra 30 km dlouhad s 28 stanicemi.
Trasa podchézi v prazské Ctvrti historické budovy, coz vzbudilo obavy
z pripadnych $kod vyvolanych poklesem terénu pri tunelovdni. Pro
vytvoreni priznivejsich podminek pro razbu tunelovacimi stroji pod
budovami byla zvolena technologie vodorovného fizeného vrtani do
vzdalenosti az 250 m a ndsledné injektdze. Takto se md zabezpecit
kalota a jeji blizké nadlozi. Pfi vrtani se soucasn¢ zatahuje ocelova
paznice & 140 mm, do ni se ndsledné instaluji injektazni PVC trubky.
Injektaz probihd soubézné s vytahovéni ocelové paznice. Po cemento-
vé injektdzi muze byt jesté provedeno doinjektovani chemickou smési.

Podrobnosti 1ze nalézt v ¢lanku v listopadovém cCisle Casopisu
Tunnels and Tunnelling.

AMBERG BUDE PROJEKTOVAT NOVY SILNICNI TUNEL POD
SUEZSKYM KANALEM

§v§/carsk}’/ Amberg Engineering AG je zodpovédny za projekt nové-
ho razeného tunelu pod Suezskym kandlem pobliz Port Saidu. Dve
trouby délky 2,2 km se budou razit $titem o pruméru skoro
13 m. Soud4sti projektu jsou také Sachty a propojky tubusi. Stavba by
mela byt zahdjena koncem roku 2015.

DALSI TUNELY NA RAKOUSKE DALNICI A9

V roce 2004 byla ddlnice A9 uvedena do provozu v celé délce — od
predalpské kfizovatky nedaleko Lince (Voralpenkreuz) az na slovinské
hranice u Spielfeldu. Délnice ale v plném rozsahu dokoncena nebyla.
To se tykalo tseku mezi mésteckem Klaus a St. Pankraz i tunelt
Bosruck a Gleinalm. Obtizné podminky vystavby predstavuje tzv.
Hretéz* tunelt u Klausu, ktery zahrnuje stavbu druhych trub tunela
Klaus (2,2 km), Spering (2,9 km), Traunfried (450 m) a Falkenstein
(750 m). Cely usek je dlouhy 8 km a je tvoren prakticky jen tunely
a mosty, jejichz vybudovani bylo podminkou pro stavbu tuneld.

Stavba druhych trub tunelt Spering a Falkenstein byla slavnostné
zahdjena v prosinci 2014, v dubnu 2015 nésledovalo zahdjeni vystav-
by tuneld Traunfried a Klaus.

Na konci roku 2017 bude provoz preveden do novych trub, tim bude
umoznéna rekonstrukee starych tuneld.

NOVE PODZEMNI ZKUSEBNI PRACOVISTE V RAKOUSKU

Pod dohledem Montanuniversitit Leoben vznikd nové podzemni
zkusebni, testovaci a vzdélavaci pracovisté, nazvané Zentrum am Berg
(ZaB). Umisténo je pobliz Styrského mesta Eisenerz v chodbéach rud-
ného dolu, ktery jiz pro dobyvani rudy neslouzi, rudné loZisko se
exploatuje z povrchu. Novou razbou, Upravou a rozsifenim stavajicich
chodeb vznikne pracovisté celkové délky priblizné 3 km, které bude
sestdvat:

e zasi 1 km dlouhé Stoly urcené pro rozmanité zkousky;

* 7 dvojice silni¢nich tuneld délky cca 450 m v&. propojek umoz-

nujicich mj. testovat vétrani a provadét pozarni zkousky v méfitku
1:1;

* 7z dvojice jednokolejnych Zelezninich tuneld napojenych pred

portalem na koleje rakouskych Zeleznic.

Vsechny tyto tfi ¢dsti maji svj vlastni portal a v hofe jsou v jednom
misté vzdjemne propojeny.

Druhem a rozsahem provadénych zkousek bude toto pracovisté
zcela ojedinélé a pred¢i moznosti, které nabizi napr. zkuSebni Stola ve
§vycarském Hagerbachu. Vyzkumnd ¢innost bude probihat jiz pri jeho
budovani. V plném provozu by ZaB mélo byt za tii az Ctyfi roky.

SPOLECNY TUNEL PRO AUTOMOBILY A METRO
POD REKOU YANGTZE VE WUCHANU

Desetimilionovy Wuchan je rozdélen na dvé poloviny rekou
Yangtze, kterd je v nejuzs$im misté v centru mésta Sirokd 1 km.
Reku zatim podchazeji tfi linky metra a nyni k nim pfibude nové
budovand linka ¢. 7. Poprvé ale bude metro soucdsti tunelu, ktery
souCasné prevede na druhy bfeh i automobilovy provoz z ulice
Sanyang v centru mésta.

Dveé tunelové trouby o vnitrnim profilu 13,9 m s osténim ze seg-
mentu tl. 650 mm budou mit v horni poloviné tfipruhovou vozovku
a v dolni poloving kolejisté metra a bezpeénostni a servisni prostory.
Tunely dlouhé 2,5 km budou razeny dvéma kombinovanymi Stity
firmy Herrenknecht s vnéj$im profilem 15,76 m v hloubce az 39,5 m
pod rekou. Osténi musi odolat hydrostatickému tlaku max. 5,3 bar.

Stavba byla zahdjena v roce 2014, dokoncéeni se ocekdva v roce
2017.

NOVY BAZOVY TUNEL SEMMERING

Délka nového bazového tunelu Semmering (SBTn) bude 27,3 km,
v trase bude jedna multifunkéni stanici a dve ventilaéni Sachty, pro-
pojky budou po 500 m. Piipravné prace jsou ¢dstené dokonceny, a tak
se blizi zah4jeni raZeb vlastnich tratovych tuneli. Razby od portélu
u Gloggnitz (smeér od Vidne) by mély byt zahdjeny v jarnich mésicich
2015 konvenénim zpusobem. Ndsledovat budou mezilehlé raZby
z pristupového tunelu Gostritz.

Prace na centrdlni sekci SBTn nazvané Tunnel Froschnitrgraben
budou zahdjeny ve druhé poloviné roku 2015 hloubenim dvou pres
400 m hlubokych Sachet. Nejprve se z povrchu provedou cca 30 m hlu-
boké vrtané piloty a v takto vzniklém zarodku Sachet se smontuji dvé
vertikdlni hloubici zafizeni, kazdé vysoké priblizné 30 m. Po vyhlou-
beni Sachet budou v podzemi vyraZeny kaverny, ze kterych se budou
razit tratové tunely — dva tunelovaci stroje budou nasazeny na asi 9 km
dlouhém tseku smérem ke Gloggnitz, v opaéném smeéru na Graz se
budou konveéné razit priblizné 4 km. Veskerou logistiku zajisti svisld
doprava ve zminénych Sachtdch o svétlém pruméru 10 m. Razby by
mély byt zahdjeny v roce 2017.

Uvedeni SBTn do provozu se predpoklada v roce 2025.

Ing. MILOSLAV NOVOTN Y, mila_novotny@yolny.cz
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

JUBILEJNI 20. ROCNIK SEMINARE ZPEVNOVANI, TESNENI A KOTVENI HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCI V OSTRAVE

JUBILEE 20™ ANNUAL SEMINAR ON STABILISATION, SEALING AND ANCHORING OF GROUND MASS
AND CIVIL ENGINEERING STRUCTURES IN OSTRAVA

On the 12th — 13th February 2015, the 20t annual seminar on
Stabilisation, Sealing and Anchoring of Ground Mass and Civil
Engineering Structures was held in Ostrava. This professional event,
which is every year co-organised in collaboration of the Department
of Underground Construction of the Faculty of Civil Engineering,
VSB - Technical University of Ostrava and Minova Bohemia s.r.o.,
already traditionally attracts great interest of professionals from the
geotechnical and mining practice as well as professionals from the
research and pedagogical sphere. This year the seminar was attended
by about 130 participants, 25 of whom arrived from abroad.

V terminu 12.-13. 2. 2015 se konal v prostordch Nové auly Vysoké
Skoly banské — Technické Univerzity Ostrava jubilejn{ 20. ro¢nik semi-
ndfe Zpevriovdni, tésnéni a kotveni horninového masivu a stavebnich
konstrukci. Tato odbornd akce, spoluporddand kazdoro¢né ve spolupré-
ci katedry geotechniky a podzemniho stavitelstvi Fakulty stavebni
VSB-TU Ostrava a firmy Minova Bohemia s.r.o., se jiZ tradi¢né setka-
vd s velkym zdjmem jak odborniku z geotechnické a hornické praxe, tak
i odbornikt z védeckovyzkumné a pedagogické sféry. Celkem se letos-
niho ro¢niku zii¢astnilo asi 130 Gcastnika, z toho 25 Gcastniku prijelo na
semindr ze zahrani¢i (Slovensko, Polsko, Rumunsko, Slovinsko,
Nizozemsko) a bylo prezentovdno celkem 31 prispévku.

Jak zdtraznil v tivodu semindfe Ing. Petr KuCera, feditel spolec¢nosti
Minova Bohemia s.r.0., u zrodu této odborné akce byli v roce 1996
dlouholeti odborni garanti tohoto semindfe prof. Ing. Josef Aldorf,
DrSc. z VSB-TU Ostrava a Ing. Drahomir Jani¢ek z tehdejsi firmy
CarboTech Bohemia. Pod odbornym vedenim téchto garantu se semi-
ndf v nasledujicich letech ispéSné rozvijel, z puvodni komorni akce pro
zhruba 30 dcastnika se postupné vyprofiloval semindf pro fadove
130-200 tcastnikii, nad kterym prevzala zastitu jak Ceska tuneldiska
asociace, tak i Cesky bafisky trad. Seminar ziskal v poslednich letech
rovnéZ své pevné misto v kalendati vzdélavacich akci Ceské komory
autorizovanych inZenyra a techniki &innych ve vystavbe. V po-
Céte¢nich ro¢nicich probihalo jedndni semindfe v jedné spolecné sekci
zahrnujici jak geotechnické, tak i hornické problémy. Postupem Casu
s ristem zdjmu o prezentaci stdle vétSiho mnoZstvi prispévka doslo
v roce 2001 k rozdéleni jedndni na dveé samostatné sekce — sekei geo-
technickou a sekci hornickou. I pres zna¢ny ttlum hlubinného hornic-
tvi v Ceské republice v poslednim obdobi byla i v letoinim roce pro-
gramove hornickd sekce naplnéna.

Prehledem technologicky vyznamnych injekénich zakazek firmy
Minova Bohemia se zabyval ve svém prispévku Ing. Cigler (podzemni
zéasobnik Piibram — Héje, privadé¢ ostravského oblastniho vodovodu,
piivadé¢ pitné vody Zelivka, pfivadée pitné vody Virského oblastniho
vodovodu, tunel Dobrovského v Brné).

Problematiku utésiovani pritoku vod do vnitrntho prostoru privadé-
Ce precerpavaci vodni elektrarny Dlouhé Strané prezentoval ve svém
prispévku Ing. Hdjovsky (SG-GeoinZenyring s.r.0.). Dal§im prispév-
kem z oblasti tésnéni stavebni jamy hotelu byl prispévek
Ing. Grossmanna z firmy Minova Bohemia s.r.o. Kolegové ze
Slovenské technické univerzity Bratislava (Ing. Sidlovskd, Ph.D.,
prof. TurCek) se zabyvali v prvnim ze svych prispévka pristupy
k realizaci a vyhodnoceni vodnich tlakovych zkousek pro stanoveni
propustnosti horninového prostredi, druhy prispévek byl pak vénovan
problematice vybéru vhodné injekéni smési pro kompenzaéni injektdz.

Vlivy odvodnovacich a tésnicich opatfeni, spojenych s realizaci
a provozem malych vodnich elektrdren, ve svém prispévku, ktery zpra-
coval spole¢né s kolegy s MVE TEKOV s. 1. 0. Bratislava, prezentoval

prof. Hulla. Zajimavy prispévek ilustrujici moznosti vyuzZiti plastovych
Stétovnic pro tésnici tdely v geotechnické praxi, véetné piikladu jejich
aplikaci na stavbach v Polsku, uvedl Ing. Stkenik z firmy Minova
Bohemia s.r.0.

Kolektiv autort z university v Gliwicich pod vedenim prof. Joanny
Bzowky prezentoval prispévky z oblasti vlivu technologickych para-
metrd na geometrii sloupt tryskové injektaze, v dal$im prispévku se
pak uvedeny kolektiv zabyval faktory urCujicimi efektivitu zlepSovani
vlastnosti jilovitych zemin.

Ing. Grossmann spole¢né s autory z firmy Sanace a vysouseni staveb
s. . 0. prezentoval zkuSenosti z aplikace zpevnujici injektdZe cihelného
zdiva historickych kleneb. Metodami sanace ¢sti primarniho kolekto-
ru mésta Brna se zabyvala ve svém prispevku Ing. Wetterova
(AMBERG Engineering Brno a.s.). Jist¢ aktudlnim prispévkem
z oblasti progresivnich technologii vyuzivanych prii sanacich
a statickém zabezpeceni mostnich objektu byl prispévek Ing. Cabana.

VyuZzitim skalnich ochrannych ocelovych siti a dynamickych bariér
pri sanacnich tpravéch skalnich stén se zabyvaly prispévky kolektivu
autorti z firmy UNIGEO as. a prispévek Ing. Chodackého z firmy
Minova Bohemia s.r..

Velka &ast prispévkia byla vénovéna problematice kotveni, a to jak
v geotechnice, tak i hornictvi (historie vyuZiti svornikové vyztuze
v HBP a. s. Prievidza, vyuZiti kotevnich prvku v podminkdch tunelu
Ov¢iarsko, experimentdlni stanoveni tinosnosti tmele svorniku, nume-
rické modelovani svornikové vyztuze, zkusenosti s vyuZitim injekCnich
pramencovych svorniki na Dole Paskov). V této oblasti jisté d¢astniky
semindre zaujal prispévek Ing. Sembola z firmy OKD a. s., ktery pre-
zentoval vyuziti pramencovych kotev pfi aplikaci vysokého kotveni
pro zajisténi likvidaniho kandlu porubu. Dr. Gluch z univerzity
v Gliwicich se ve svém prispévku zaméril na problematiku novych
typu podpérnych obloukovych konstrukei a jejich vyuZiti v dulnich
podminkéch, spole¢né s D. Gizou pak déle pripravil prispévek tykajic
se dlouhych, vysoce tnosnych dulnich stojek.

Na semindri byla rovnéZ zastoupena problematika tunelovych sta-
veb. ZkuSenosti a poznatky z realizace sanace tunelového osténi
z Zelezobetonovych segmentu pri vystavbé trasy metra V.A uvedl ve
svém pifspévku kolektiv autori Ing. Hybsky (Metrostav a.s.)
a Ing. Grossmann (Minova Bohemia s.r.o.). Problematikou tunelu
Batuta na trase Zelezni¢niho koridoru Curtici — Simeria v Rumunsku,
véetné modelové analyzy pomoci softwaru MIDAS GTS, se zabyval
prispévek kolektivu rumunskych autort z firem Eng. SC Geodor pro-
ject SRL a Eng. Minova Romania z Bukuresti. Autofi Ing. Dohndlek
a Ing. Piza (Subterra a.s.) a RNDr. Chmelar ( PUDIS a.s.) se zamySleli
ve svém prispévku nad prinosem realizace pruzkumné 3toly pro raZbu
Tunelu Radlice. Ing. Vydrovéd prednesla v rdmci semindfe srovnani
tunelovacich metod NRTM a ADECO-RS, prispévek M. Och-
manského z univerzity v Gliwicich se zabyval numerickym modelova-
nim razby tunelu s aplikaci ochranné klenby ze sloupt tryskové injek-
tdZe. Problematice rekonstrukce galerie Rikovského tunelu se vénoval
piispévek Ing. Zaka z firmy Minova Bohemia s.r.0.

Semindf ukdzal piinos odbornych setkdvani a vymény zkuSenosti
a informaci a lze si jen prat, aby se podafilo i pristi ro¢nik seminare
naplnit zajimavymi prispévky, které by stejn¢ jako letos pritahly zdjem
a pozornost d¢astniku semindre a prispély k bezpe¢néjsi, ekonomicte;-

oo

§i a efektivnéjsi realizaci staveb.

doc. RNDr. EVA HRUBE§0VA, Ph.D., eva.hrulv)esova@vsb.cz,
Fakulta stavebni VSB-TU Ostrava
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TUNELARSKE ODPOLEDNE 1/2015
TUNNNEL AFTERNOON 172015

The Tunnel Afternoon on the topic of Slovak tunnels
under construction was held on the 25t March 2015.
Ing. Jifi Kocian was the first lecturer. He assessed the expe-
rience gathered by employees of Metrostav a.s. during the
course of driving the Polana tunnel through the Carpathian
flysh formation environment. Further, Ing. Marik prepared
a paper on the construction of the Povdzsky Chlmec tunnel.
Ing. Tom4s Just delivered a lecture on the procedure of the
Cebrat’ tunnel construction. The next topic — the geotechni-
cal monitoring of tunnels in Slovakia — was presented by
Ing. Viclav Vesely a Ing. Ota Jandejsek. Mgr. David Hruska
dedicated himself to the experience from the realisation of
contracts in the “Yellow FIDIC* regime, which is used in
Slovakia.

Dne 25. brezna 2015 se uskuteénilo Tunelarské odpoledne
na téma Slovenské tunely ve vystavbé. Zahdjil jej mistopredse-
da Ceské tunelafské asociace ITA-AITES, z. s., prof. Ing. Jif{
Bartak, DrSc.

Prvni vystoupil Ing. Jiri Kocian (Metrostav a.s.) a zhodnotil
zkuSenosti, které doposud ziskali pracovnici Metrostavu
béhem razeb tunelu Polana v prostredi karpatského flySe. Své
vystoupeni obohatil i o promitnuté video, které dobre ilustro-
valo geologické poméry na stavbé. Potom pokracoval
Ing. Marik (IKP Consulting Engineers, s.r.0.), ktery si pripra-
vil prispévek o vystavbé tunelu Povdzsky Chlmec, kde se
v soulasnosti razi z osmi portdlu a na tiech mistech je pouzita
metoda tzv. ,,Zelvy*.

Fakulta stavebni
Katedra betonovych a zdénych konstrukci .
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8. mezinarodni konference

FIBRE CONCRETE 2015

10.-11.9.2015
Hotel DAP Praha

Fibre Concrete 2015 je mezinarodni konferenci zaméfenou na vlaknobetony, kterd ma dnes jiz svou
tradici. Zamérem konference je zprostiedkovat vyménu zkusenosti mezi odborniky zabyvajicimi se
touto oblasti a zaroven informovat technickou vefejnost o problematice vldknobetont, o jejich
vlastnostech, vyrobé a moznostech vyuziti. Na konferenci budou prezentovény vysledky
experimentc’ll@'ho vyzkumu, vyvoje novych materialQ, rozvoje novych navrhovych metod a jejich
zavadéni ddirojekéni praxe vcetné ukazky uspésnych aplikaci vldknobetonu v konstrukcich.

Konference je ur€ena Sirokému okruhu odbornik( z oblasti vyvoje, vyzkumu, technologie a vyroby
begﬁnu,{ale i projektantiim, technologtim a podnikatelim ve stavebnictvi.

TuHel

Po prestdvce prednesl Ing. Tomas Just (OHL ZS, a.s.) infor-
mace o postupu vystavby tunelu Cebat. Dal$im tématem byl
geotechnicky monitoring tuneld na Slovensku. Ing. Viclav
Vesely a Ing. Ota Jandejsek (ARCADIS CZ a.s.) popsali spe-
cifika jednotlivych slovenskych tunelt, kde spole&nost
ARCADIS CZ a.s. pusobi, a diky tomu mohli porovnavat jed-
notlivé lokality.

Jako posledni vystoupil Mgr. David Hruska (Metrostav a.s.).
Vénoval se tematice podzemnich staveb ze zcela jiného
pohledu, a to jaké maji ucCastnici vystavby zkuSenosti
s realizaci staveb v rezimu ,,Yellow FIDIC*, ktery se na
Slovensku pouZziva. Sice mohlo byt zminéné téma pro
nekteré tcastniky méné srozumitelné, ale vzhledem k tomu,
7e lze predpoklddat roz§ifovani uZivani téchto predpisu, je
velice prinosné, aby byli 1idé s principy FIDIC sezndmeni
a veédeéli, jaké jsou jeho prinosy a naopak jaké nevyhody
z néj plynou.

Téma Tuneldfského odpoledne 1/2015 bylo svou ndpln{
velmi aktudlni, pfildkalo jeSté vice posluchadu neZ predchozi
semindre, ziCastnilo se jej pres 120 jedincu. Lze jen doufat, Ze
i v Ceské republice pribude &asem podzemnich staveb, které
budou tvorit lakavou ndpln Tuneldfskych odpoledni.

Pripravu odborného programu zajistil Ing. David Cyron
(Metrotav a.s.). Vybrané prezentace 1ze vyhledat na webovych
strdnkdch asociace www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz,
CzTA ITA-AITES
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Informace

Ing. Vladimira Vytlacilova, Ph.D.
e-mail: fc2015@fsv.cvut.cz
http://concrete.fsv.cvut.cz/fc2015
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
SLAVNOSTNI OTEVRENI PRODLOZENI TRASY METRA V.A

Na Velikono¢ni pondéli dne 6. 4. 2015 bylo slavnostné
otevieno metro V.A, kdy k symbolickému prestfizeni pasky
doslo v 11:00 hodin SEC.

Otevreni 6,134 km dlouhé trasy ndsledovalo po tritydennim
ovérovacim provozu bez cestujicich, béhem kterého byly
otestovany kompletni technologické systémy ve stanicich
i tratovych tunelech. Béhem této doby také probihaly kolau-
dace a posledni tdpravy interiéru stanic.

Slavnostni otevieni nového dseku metra bylo zahdjeno ve
stanici Nadrazi Veleslavin. Hosty privital ,,hlas metra linky A
— moderdtorka Svétlana Lavickova z CRo Dvojka, kterd pak
dale predala slovo panu premiérovi, pani primatorce, general-
nimu fediteli Dopravniho podniku hl. m. Prahy a dal$im. Pfi
samotném ceremonidlu byla také pokfténa nova kniha
o0 stavbé metra V.A ,, Ac¢ko Jjede do Motola“ a na nastupisti zaz-
pival Pévecky sbor Dopravniho podniku pod vedenim sbor-
mistra LukéSe Janirka skladbu specidlné sloZzenou k otevreni
metra. Soucdsti programu byly i dvé pristavené soupravy
metra, kde tou modern€jsi (81-71M) se nasledné projel cely
novy udsek vCetné zastivek ve stanicich Borislavka, Petfiny
a Nemocnice Motol. Prototyp historické soupravy metra (81-
71), ktery zajiStoval provoz na lince metra A od srpna 1978 az
do Cervna roku 2005, pak slouzil jako misto k posezeni pri
nasledném rautu.

Provoz pro cestujici vefejnost byl zahdjen téhoz dne v 15:00
hodin.

Foto/Photo Josef Husdk

Stanice Borislavka
Borislavka station platform

MODERNIZACE TRATI ROKYCANY - PLZEN

Dne 31. 1. 2015 byly po prejimacich zkouskach zeminového
stroje  EPBM pro tunelt Ejpovice na stavbé
»Modernizace trati Rokycany — Plzen“ zahdjeny razby

razbu

a postaven prvni prstenec jizniho jednokolejného tunelu. Na
konci brezna 2015 bylo vyraZeno celkem 178 m a postaveno
85 prstencu. Razby probihaji ve velmi nepfiznivych geotech-
nickych podminkach spojenych zejména s vysokymi pritoky
podzemni vody a s nestabilitou Celby.

THE CZECH REPUBLIC
METRO EXTENSION V.A INAUGURATION CEREMONY

The metro line A extension, denoted as V.A, was inaugurate on
the Easter Monday, the 6th April 2015; the tape was symbolically
cut at 11:00 a.m. of CET.

The 6.134km long line was brought into service after a three-
week trial operation without passengers, during which complete
technological systems in the stations and running tunnels were
tested. In addition, final inspection proceedings and last adjust-
ments to the interiors of stations were carried out.

The new metro section inauguration ceremony commenced in
Ndadrazi Veleslavin station. The guests were welcomed by the
“metro line A voice” — Svétlana Hlavickovd, the CRo Dvojka
radio host. She subsequently passed the word to the Prime
Minister, Mrs. Mayor, the general director of the Prague Public
Transit Company Inc. and others. In addition, a new book on the
construction of Metro V.A “A¢ko jede do Motola” was baptised
during the ceremony and the choir of the Transit Company under
choirmaster Luka$ Janirek sang an opus specially composed for
this metro inauguration event. Two metro trains furnished to the
platform were also parts of the programme. The more advanced
of them (81-71M) subsequently passed throughout the new secti-
on length including stops in Bofislavka, Petfiny and Nemocnice
Motol stations. The prototype of the historic metro train (81-71),
which secured the operation on metro line A from August 1978
through to June 2005, was subsequently used as a place for sea-
ting during the subsequent banquet.

The revenue service started on the same day at 15:00 hours.

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

Driving the Ejpovice tunnels started and the initial lining ring
of the southern single-track tunnel was erected on the 315t
January 2015, after the completion of the acceptance proceedings
for the EPB TBM designed for driving the Ejpovice tunnels for
the “Modernisation of Rokycany — Plzen Railway Track Section”
project. By the end of March 2015, 178m of the tunnel excavati-
on had been completed and 85 lining rings had been erected. The
tunnelling operations are conducted in very unfavourable geo-
technical conditions connected first and foremost with high rates
of groundwater inflows and the instability of the excavation face.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

In the Prackovice and RadejCin tunnels, civil, ventilation and
electrical installation work are being completed. Casting concre-
te of walkways and laying tunnel kerbs has been finished in both
tubes of the two tunnels.

At the Prackovice tunnel, the work on the revetment wall is in
progress, including the application of a surcharging and stabili-
sing fill. At the Radej¢in tunnel, the quarry stone cladding of the
Prague portal has been finished and, on the Usti Nad Labem side,
the portal slopes are being treated, the operations-and-technical
building is being backfilled and drainage troughs are being laid.
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DALNICE D8 - 0805 LOVOSICE - REHLOVICE

V tunelech Prackovice a Radej¢in se dokoncuji stavebni,
vzduchotechnické a elektroinstalacni Casti provozné-technic-
kych objekta. Jsou dokonéeny betondZe chodniku a poklddka
tunelovych obrubniku v obou tunelovych troubéch tunelt.

U tunelu Prackovice probihaji prace na zarubni zdi véetné
zhotoveni pritézujictho a stabilizaéniho ndsypu. U tunelu
Radej¢in je proveden obklad prazského portdlu z lomového
kamene a na ustecké stran¢ probihaji dpravy portdlovych
svahu, zdsyp provozné-technického objektu a pokladka odvod-
fiovacich Zlabu.

K celkovému dokonéeni trasy dédlnice v&etné obou tunelt
bohuzel stile chybi platnd provadéci legislativa.

Ing. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.

PRUZKUMNA STOLA PRO RADLICKOU RADIALU
JIHOZAPADNI MESTO - SMICHOV

Na stavbé pruzkumné §toly pro Radlickou radidlu byla vyra-
Zena druhd vyhybna a do poloviny dubna bylo vyraZeno 363
m $toly. V soucasné dobé razby probihaji v druhé technologic-
ké tridé. Razba Stoly doposud prosla pod ulici Ke Sklarné,
Meéstskym okruhem, trati CD, ulici Kifzovd a ulici Novy
Zlichov. Byly provedeny treti presiometrické véjite a soubéz-
né probihaji prizkumné prdce na povrchu v rozsahu celé trasy
planované Radlické radidly.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m bolo
dokoncené beténovanie sekundarneho ostenia.V sticasnosti pre-
bieha betonaZz CBT krytu vozovky na oboch tunelovych rdrach
a monta? technologickych celkov. Tunel Sibenik bude sucastou
useku dialnice D1 Janovce — Jablonov celkovej dlzky 9.5 km.
Zhotovitelom stavby je zdruzenie Eurovia SK, a. s., Eurovia CS,
a.s., Stavby mostov Slovakia, a. s. Ukoncenie stavby a uvedenie
dialhi¢ného tseku do prevadzky sa predpoklada v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialnice D3 Svréinovec — Skalité sticastou
stavby st aj tunely Polana (890 m) a Svrcinovec (445 m).
V stcasnosti je na tuneli Polana vyrazenych 517 m kaloty,
420 m lavice a 160 m dna. Razenie sa realizuje od zdpadného
portdlu. Na vychodnom portdli prebiehaji prdce na zdrubnom
mire. Prebieha razenie na Unikovej ceste 2. V tuneli
Svréinovec je v sucasnosti vyrazenych 324 m v kalote, 245 m
v lavici a 60 m dna od zdpadného portdlu. Na vychodnom par-
tdli prebieha navitanie mikropilotového daZzdnika v pravej
tunelovej rire (PTR). Vystavbu useku zabezpeCuje zdruZenie
Styroch spolocnosti: Vdahostav — SK, a. s., Doprastav, a. s.,
Strabag, a. s., a Metrostav SK, a. s.

TUNELY OVCIARSKO A ZILINA

Na dseku D1 Hri¢ovské Podhradie — Lietavskd Licka sicas-
tou stavby su dva tunely: Ovciarsko (2367 m) a Zilina (651 m).
Na tuneli Ovciarsko prebieha razenie zo zdpadného portilu,
kde v severnej tunelovej rire je vyrazenych 776 m v kalote
a v juznej tunelovej rire 690 m v kalote. Na vychodnom por-
tali zaCalo samotné razenie. V severnej tunelovej rire je vyra-
zenych 33 m v kalote a juZnej tunelovej rire 5 m v kalote.

Tuel

Unfortunately, the valid implementing legislation is still mis-
sing to allow for the overall completion of the motorway route inc-
luding both tunnels.

Ing. BORIS gEBESTA, sebesta@metrostav.cz,

METROSTAYV a.s.

EXPLORATORY GALLERY FOR RADLICE RADIAL ROAD IN THE
SOUTH-WESTERN SATELLITE TOWN - PRAGUE SMICHOV

The excavation for the second passing bay has been finished at
the construction of the exploratory gallery for the Radlice radial
road. The length of 336m of the gallery excavation was finished till
the end of April 2015. At the moment, the excavation is passing
through the support class No. 2. The gallery excavation has passed
under Ke Sklarné Street, the City Circle Road, a Czech Railways’
track, KiiZzovd Street and Novy Zlichov Street. Fans of pressure-
meter boreholes were carried out and exploratory work is simulta-
neously underway on the surface within the extent of the entire
planned route of the Radlice radial road.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

Casting of concrete of the secondary lining was completed on
the construction site of the 588m long Sibenik motorway tunnel. At
the moment, casting of concrete pavement is underway in both tun-
nel tubes and tunnel equipment is being installed. The Sibenik tun-
nel will be part of the 9.5km long Janovce — Jablonov section of
the D1 motorway. A consortium consisting of Eurovia SK, a. s.,
Eurovia CS, a. s. and Stavby mostov Slovakia, a. s. is the contrac-
tor. The works completion and opening the motorway structure to
traffic is planned for 2015.

POLANA AND SVRCINOVEC TUNNELS

The construction of the Svréinovec — Skalité section of the D3
motorway comprises, among other structures, the Polana tunnel
(890 m) and Svrcinovec tunnel (445 m). At present, the excavation
of 517m of top heading, 420m of bench and 160m of invert has
been completed in the Polana tunnel. The tunnel is being driven
from the western portal. The work on a revetment wall is underway
at the eastern portal. The excavation of the tunnel for the Escape
Route 2 continues. As far as the Svrcinovec tunnel is concerned,
the excavation of 324m of top heading, 245m of bench and 60m of
invert from the western portal has been completed till now. Drilling
for the canopy tube pre-support is underway at the eastern portal in
the right-hand tunnel tube (RTT). The construction of this motor-
way section is carried out by a consortium consisting of four com-
panies: Véhostav — SK, a. s., Doprastav, a. s., Strabag, a. s., and
Metrostav SK, a. s.

OVCIARSKO AND ZILINA TUNNELS

In the Hricovské Podhradie — Lietavskd Lucka section of the D1
motorway, there are the following two tunnels: the Ov¢iarsko (2367
m) and the Zilina (651 m). The Ov&iarisko tunnel is currently being
driven from the western portal, where 776m and 690m of the partial
top headings have been completed till now in the northern tunnel tube
and the southern tunnel tube, respectively. The tunnel excavation itself
commenced at the eastern portal. Initial 33m and 5Sm of the partial top
headings have been finished in the northern tunnel tube and the sout-
hern tunnel tube, respectively. In the Zilina tunnel, the excavation pro-
ceeds from the western portal. The length of 46m has been excavated
till now. At the eastern portal, the portal wall is being stabilised. The
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V tuneli Zilina prebieha razenie od zdpadného portilu. construction is carried out by a consortium formed by Doprastav, a. s.,
V stcasnosti je vyrazenych 46 m. Na vychodnom portéli pre- Vihostav — SK, a. s., Strabag, a. s. and Metrostav SK, a. s.

bicha zaistovanie portdlovej steny. Stavbu realizuje zdruZenie
Doprastav, a. s.,Vdhostav — SK, a. s., Strabag, a. s. a Metrostav CEBRAT TUNNEL

SK, a.s. The 1994m long Cebrat tunnel is part of the Hubovd — Ivachnova

section of the D1 motorway. The tunnel is currently being driven
TUNEL CEBRAT from the eastern portal. In both the northern and southern tunnel
_ Na tseku D1 Hubova — IVZ‘.ChHOV.é’ ktorej s.liéast’ou Jje tunel tubes, 150m of the excavation sections have been finished. At the
Cebrat’ (1994 m), v stiCasnosti prebiehd razenie od vychodné- moment the work on the tunnel is suspended. The contractor is a

ho portdlu. V severnej tunelovej rure je vyrazenych 150 m
a v juznej tunelovej rire 150 m. V sicasnosti sd prace na tune-
li pozzvistavené. Zhotovitelom stavby je zdruZenie spolo¢nosti POVAZSKY CHLMEC TUNNEL
OHL ZS, a .s., a Vahostav — SK,, a. s.

consortium consisting of OHL 7S, a .s., and Vahostav — SK, a. s.

In the Zilina StraZov — Zilina Brodno section of the D3 motor-
TUNEL POVAZSKY CHLMEC way, containing the 2250m long Povazsky Chlmec tunnel, the work
commenced on 30/06/2014. At the moment, the tunnel is being
excavated in both tubes, in both directions from the central portal.
In the northern tunnel tube, the excavation of 126m and 16m of the
top heading has been completed; 116m and 10m have been finished
in the southern tunnel tube top heading. The excavation proceeds
even from the western portal. The lengths of 58m and 52m have
been finished in the northern tunnel tube and the southern tunnel
tube, respectively. The contractor is a consortium consisting of
Eurovia a. s., Hochtief a. s. and Stavby mostov Slovakia, a. s.

Na tseku D3 Zilina StraZov — Zilina Brodno, ktorého stcas-
tou je tunel Povazsky Chlmec (2250 m) doslo k zacatiu prac
30. 6. 2014. V sicasnosti prebieha razenie od stredového por-
talu na obe strany v oboch rirach. Je vyrazenych 126 m a 16 m
v kalote v severnej tunelovej rire a 116 m a 10 m v juznej
tunelovej rure. Razenie prebieha aj od zapadného portdlu. Je
vyrazenych 58 m v severnej tunelovej rire a 52 m v juZnej
tunelovej rire. Zhotovitelom stavby je zdruZenie Eurovia a. s.,
Hochtief a. s. a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE VISNOVE TUNNEL
S vystavbou tunela Visfiové (7500 m), ktory je sdastou The construction of the 7500m long Visnové tunnel, which is
tseku D1 Lietavskd Lucka — Visiiové — Dubna Skala, sa zada- part of the Lietavskd Licka — Visnové — Dubnd Skala section of the
lo diia 27. 6. 2014. Zhotovitelom tseku je zdruZenie firiem D1 motorway, commenced on 27/06/2014. The contractor for this
Salini Impregilo S. p. A a Diiha, a. s. Zacatie razi¢skych prac section is a consortium consisting of Salini Impregilo S. p. A and
sa predpokladé v druhej polovici méja 2015. Diha, a. s. The tunnel excavation is assumed to start in the second

» half of May 2015. »

Ing. MILAN MAJERCIK, Ing. MILAN MAJERCIK,
milan.majercik@ndsas.sk, NDS a. s. milan.majercik@ndsas.sk, NDS a. s.

VYROCI / ANNIVERSARIES

PROF. ING. FRANTISEK KLEPSATEL, PH.D. OSEMDESIATNIKOM
PROF. ING. FRANTISEK KLEPSATEL, PH.D., OCTOGENARIAN

Dna 31. 5. 2015 sa doZiva osemdesiatky prof. Ing. FrantiSek Prof. FrantiSek Klepsatel, a long-standing employee of the
Klepsatel, Ph.D., dlhoro¢ny pracovnik katedry geotechniky Department of Geotechnics of the Faculty of Civil Engineering of
Stavebnej fakulty STU v Bratislave. Narodil sa v Marku- the Slovak Technical University in Bratislava, will celebrate his
Sovciach v rodine Zelezni¢ného tradnika a cez Kostolany nad eightieths birthday on 315t May 2015. He was born in MarkuSovce
Hornddom, Handlovd, Prievidzu a Bratislavu — Petrzalku sa in the family of a railway clerk. Via Kostolany nad Hornddom,
dostal do Bernoldkova, kde Zije od roku 1953. Po Stidiu na Handlovd, Prievidza and Bratislava — Petrzalka, he got to
Stavebnej fakulte SVST v rokoch 1953—1958 nastipil v janudri Bernoldkovo, where he lives from 1953. After studies at the
1959 ako asistent prof. Juraja Mencla na katedru dopravnych Faculty of Civil Engineering of the Slovak Technical University
stavieb. V rdmci reorganizacie fakulty presli obaja v roku 1962 during the years 1953-1958, he entered the Department of Traffic
na novo vytvorend katedru geotechniky. V roku 1971 bol Structures as an assistant of Prof. Juraj Mencl in January 1959.
menovany kandiddtom technickych vied, roku 1980 docentom They both transferred in 1962 to the newly established
a v roku 1995 profesorom. Od roku 2007 je emeritnym profe- Department of Geotechnics within the framework of the faculty
sorom katedry. reorganisation. He was appointed a Candidate of Technical

Priblizne 10ro¢na tzka spolupréca s prof. Menclom na rieSe- Sciences in 1971, an assistant professor in 1980 and a professor in
ni Stadtnych a rezortnych vyskumnych udloh dala prof. Klep- 1995. He has been a professor emeritus of the department since
satelovi dobry zdklad pre neskor§iu samostatnd vyskumno- 2007.
vyvojovi ¢innost. S prof. Menclom sa podielal na upresnovani{ The approximately 10-year collaboration with Prof. Mencl on
vypoctovych metéd na navrhovanie a posudzovanie osteni $tol- state and ministerial research projects gave Prof. Klepsatel a good
ni a tunelov. Samostatne rieSil technolégiu vystavby tlakovych foundation for subsequent individual research and development
privddzacov PVE éierny Viéh, vratane navrhu ich optimdlnych work. Together with Prof. Mencl he participated in refining calcu-
sklonov. Po odchode prof. Mencla zo Stavebnej fakulty v roku lation methods for designing and assessing the linings of galleries
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1969 prevzal prof. Klepsatel cast
jeho pedagogického uvizku;
vyucoval predmety Mechanika
hornin, Podzemné stavby, Zelez-
ni¢né tunely a Lomy. Prob-
lematiku podzemnych stavieb
externe ucil aj na Stavebnej
fakulte TU v KoSiciach. Je auto-
rom, resp. spoluautorom 2 celos-
tdtnych ucebnic a 21 skript (z
toho jedny v nemeckom jazyku).

Vo svojej vedeckej a vys-
kumnej Cinnosti sa prof. Klep-
satel od 60. rokov 20. storocia postupne zameral na bezvyko-
pové metddy vystavby komundlnych §tdlni v zemindch meto-
dami Stitovania a pretlacania Zelezobeténovych potrubi, prie-
leznych aj neprieleznych prierezov, neskdr aj na metddy riade-
ného mikrotunelovania. Dlhodobo spolupracoval s oddelenim
podzemnych vedeni na Vyskumnom ustave inZinierskych sta-
vieb (VUIS), kde riesil teoretické problémy tychto stavieb: sta-
novenie potrebnej pretldcacej sily na potrubie, dimenzovanie
opornej steny na pretldCanie a pod. Ziskané poznatky tvorili
tiez velkd Cast’ jeho kandiddtskej a habilitacnej prace. Zdsadu
prof. Mencla, 7e kazdd tloha je splnend az vtedy, ked jej
vysledky st publikované, si osvojil uz ako mlady asistent.
Prof. Klepsatel je spoluautorom 12 kniZnych publikdcii, 125
vedeckych a odbornych prispevkov v ¢asopisoch a zbornikoch
(z toho 41 v zahranici) a asi 120 vyskumnych pric a expertiz.

V roku 1990 po politickom uvolneni pohotovo nadviazal
osozné kontakty s kolegami — tuneldrmi na univerzitich vo
Viedni a Grazi. Cez grantovu organizdciu SAIA ziskal postup-
ne 4 projekty zamerané na rakisko-slovenskud spoluprdcu pri
vystavbe tunelov. Uz v predstihu tak prof. Klepsatel ziskal
mnozstvo poznatkov, ¢o mu umoZznilo aktivne vstipit' do pri-
pravy a vystavby prvého slovenského dialni¢ného tunela
Branisko. Pre toto dielo vypracoval mnoho S$tidii a bol odbor-
nym garantom prdc. V rokoch 2002 az 2007 zorganizoval pre
dodavatelské organizicie 4 jednosemestrdlne kurzy orientova-
né na vystavbu dopravnych tunelov, ktorych sa zucastnilo 68
pracovnikov.

Pocas svojho posobenia na katedre geotechniky SvF STU bol
prof. Klepsatel zdstupcom vediceho katedry, ¢lenom akreditac-
nej komisie, ¢lenom akademického senatu fakulty a STU.
Zastupoval tiezZ stavebnd fakultu v Rade vysokych $kol. Bol
¢lenom Spolo¢nosti pre bezvykopové technolégie ISTT, je
Cestnym clenom Slovenskej tuneldrskej asocidcie ITA/AITES.
Pracoval vo vybore TJ Sldvia STU a v réznych funkcidch
v klube turistov.

V mladosti bol prof. Klepsatel vykonnym Sportovcom — lah-
kym atlétom. Jeho hlavnym koni¢kom bola a dodnes ostala
turistika a cestovanie. Navstivil pohoria a prirodné rezervacie
na vSetkych piatich kontinentoch. Napriek vysokému veku ho
mozno aj v stcasnosti stretnit’ hlavne na hrebenoch sloven-
skych pohori, v ndrodnych parkoch, na zrdcanindch hradov,
splavoch riek a na cyklotrasdch.

V mene Sirokej obce stavebnych inzinierov a tuneldrov si
dovolujem vyslovit prof. Ing. Frantiskovi Klepsatelovi, Ph.D.
uprimné Zelanie eSte mnohych plnohodnotne stravenych dni,
predovsetkym v prirode.

PETER TURCEK

Tuel

and tunnels. He individually solved the technology for the con-
struction of the force penstocks of the Cierny Vah pumped stora-
ge scheme, including the design for their optimal gradients. After
the departure of Prof. Mencl from the Faculty of Civil
Engineering in 1969, Prof. Klepsatel took over a part of his tea-
ching job; he taught the subjects of Rock Mechanics,
Underground Construction, Railway Tunnels and Quarries. In
addition, he lectured on underground construction issues external-
ly at the Faculty of Civil Engineering of the Technical University
in Kosice. He is the author or co-author of 2 nationwide textbooks
and 21 university standard texts (one of them in German).

In his scientific and research activities, from the 1960s,
Prof. Klepsatel gradually focused himself on trenchless methods
of the construction of communal tunnels in soils using shields and
jacking reinforced concrete pipes, with both crawlable and non-
crawlable profiles, later even on directional microtunnelling met-
hods. He collaborated in the long term with the Department of
Underground Lines at the Vyskumny Ustave InZinierskych
Stavieb (the Research Institute of Civil Engineering Structures),
where he solved theoretical problems of these structures: the
determination of the required jacking force acting on a pipeline,
the determination of dimensions of a thrust wall for pipe jacking
purpose etc. The gathered knowledge formed a substantial part of
his candidate and doctoral theses. Already as a young assistant
professor, he adopted Prof. Mencl’s principle that solving any pro-
blem is finished only when the results are published.
Prof. Klepsatel is a co-author of 12 books, 125 scientific and pro-
fessional papers published in magazines and proceedings (41 of
them abroad) and about 120 research works and expert opinions.

In 1990, after the political release, he promptly established per-
sonal contacts with colleagues — tunnellers at universities in
Vienna and Graz. Through the SAIA agency, he won 4 projects in
succession focused on the Austro-Slovakian collaboration on tun-
nel construction projects. In this way, Prof. Klepsatel gathered
a lot of knowledge. It allowed him to join the preparation and con-
struction of the first Slovak motorway tunnel, the Branisko. He
carried out many studies for this project and was the professional
guarantor of the works. In 2002 through to 2007, he organised 4
one-session courses oriented to the construction of traffic tunnels.
They were attended by the total of 68 workers.

During his work at the Department of Geotechnics of the
Faculty of Civil Engineering of the Slovak Technical University,
Prof. Klepsatel was in the position of the deputy head of depart-
ment, a member of the accreditation committee, a member of the
academic senate of both the faculty and the Slovak Technical
University. He in addition represented the Faculty of Civil
Engineering in the Board of Universities. He was a member of the
International society for trenchless technology (ISTT) and is
a honorary member of the ITA-AITES Slovak Tunnelling
Association. He worked in the Board of the TJ Slavia STU spor-
ting club and in various functions in the club of tourists.

In his youth, Prof. Klepsatel was an active sportsman in track-
and-field athletics. The main hobby of his was and remained to be
till now tourism and travelling. He visited mountain ranges and
nation reserves on all of the five continents. Despite the old age,
he can be met even at the present on the ridges of Slovak moun-
tain ranges, in national parks, at ruins of castles, river float trips
and on cycling paths.

I would like to express, on behalf of the wide society of civil
engineers and tunnellers, the sincere wishes of many other great
days spent, first and foremost, in the nature.

PETER TURCEK
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75 LET ING. JINDRICHA HESSE, PH.D.
75™ ANNIVERSARY OF ING. JINDRICH HESS, PH.D. BIRTH

Pripomenout v tomto &isle aso-
pisu Tunel, Ze Ing. Jindfich Hess,
Ph.D., se dozil 13. kvétna 2015
sedmdesadti péti let, znamena oce-
nit to, co dokdzal ve svém profes-
nim Zivoté, uvédomit si, co zna-
menal pro soucasnou predni Ces-
kou stavebni firmu Metrostav a.s.,
jak prispel k rozvoji ¢eského pod-
zemniho stavitelstvi i jeho presti-
Ze v zahrani¢i a jak se zaslouZzil must not be neglected.
o Ceskou tuneldfskou asociaci LA What is mentioned above can be summarised in this text only
ITA-AITES. Nelze také pominout briefly.

Reminding readers of this TUNEL journal issue that Ing. Jindfich
Hess, Ph.D. lived to see seventy five on the 13th May 2015 means
appreciating of all of that he has managed during the course of his
professional life, realising what he has meant for Metrostav a.s.,
a current top Czech construction company, how much he has contri-
buted to the development of the Czech underground construction
industry and its prestige abroad and how great credit he has taken for
the ITA-AITES Czech Tunnelling Association. Even his personal
properties, which helped him to create creative working environ-
ment and positive relationships in the team of his collaborators,

jeho osobni vlastnosti, pomoci kterych dokazal vytvéret tvarci Ing. Jindfich Hess, Ph.D., was born in Prague on the 13th May
pracovni prostiedi a pozitivni vztahy v tymu svych spolupra- 1940. He graduated from the Czech Technical University in Prague
covniku. with a degree in civil engineering in 1963. Although, a part of his

Co je zmin€no vyse, lze v tomto textu shrnout jen stru¢né. studies took place at the Institute of Construction Arts in Russia. The

Ing. Jindfich Hess, Ph.D., se narodil v Praze 13. 5. 1940. perfect knowledge of Russian gained during the studies came per-
Vysokoskolskd studia absolvoval v roce 1963 na Stavebni fectly in useful at the subsequent work on the Prague Metro project

fakult¢ CVUT Praha v oboru inZenyrského stavitelstvi. Cast in its initial phase, when Russian experience was taken over, inclu-
jeho studia ov§em probéhla na Institutu stavebnich véd v Rusku. ding the presence of Russian experts.
Zde ziskana perfektni znalost rustiny se mu vyborné hodila pri The professional career of Ing. Hess commenced in 1974 at the
pozdéjsi praci na stavbé prazského metra v jeji poéatecni fazi, national enterprise of Vodni Stavby (Water Resource Structures).
kdy byly prejimany ruské zkuSenosti za pritomnosti ruskych This company later started the initially designed construction of the
experta. so-called “subsurface tram” (a LRT system), the concept of which
Profesni drdha Ing. Hesse zacala v roce 1974 u ndrodniho was very soon changed to classical metro. The national enterprise of
podniku Vodni stavby. Ty o néco pozdéji zahdjily nejprve stav- Metrostav later originated from separated parts of Vodni Stavby.
bu prazské podpovrchové tramvaje, jejiz koncepce byla velmi Still in Vodni Stavby, Ing. Hess managed the assembly of the first
brzy zménéna na klasické metro. Z delimitovanych &ésti non-mechanised tunnelling shield on the Line C in the Prague
Vodnich staveb pozdé€ji vznikl ndrodni podnik Metrostav. Jeste district of Pankrac. However, the whole subsequent professional life
ve Vodnich stavbach ridil Ing. Hess montaZz a nasazeni prvniho took place in Metrostav. In the 1970s he was in charge of driving
nemechanizovaného raziciho S§titu na trase C na prazské tunnels under the Vltava River on the Line A, where a Russian
Pankrdci. Ale cely jeho dal§i profesni Zivot probihal mechanised tunnelling shield was deployed for the first time.
v Metrostavu. V sedmdesdtych letech fidil razbu tunelu metra His organisational abilities and technical erudition meant that,
pod Vltavou na trase A, kde byl poprvé nasazen rusky mechani- after the end of his activities in the position of a deputy of a chief of
zovany razic{ Stit. an operating plant, he was promoted to the position of a chief ope-
Jeho organizacni schopnosti a technickd erudice znamenaly, rating officer of Metrostav. From 1984, he was a chief operating
7e po pusobeni ve funkci zastupce provozni jednotky se stal officer and, in 1988, he was elected the director of the state-owned
v roce 1977 technickym ndméstkem Metrostavu. Od roku 1984 company of Metrostav, to become the general director and chairman

byl vyrobnim naméstkem, v roce 1988 byl zvolen reditelem of Metrostav a. s. Board of Directors after the transformation of the
staitntho podniku Metrostav, aby se posléze po transformaci company into a joint-stock company. It is a great merit of Ing. Hess
Metrostavu na akciovou spole¢nost stal v roce 1991 generdlnim and his collaborators that they managed to guide Metrostav a. s. over

feditelem a predsedou predstavenstva Metrostavu a.s. the extremely difficult period of political, and first of all economic,
Je obrovskou zdsluhou Ing. Hesse a jeho spolupracovniku, Ze changes around the year 1990. The share of Ing. Hess in the trans-
dokdzali prevést Metrostav pres nesmirné obtizné obdobi poli- formation of the company originally specialised in underground
tickych a hlavné ekonomickych zmén kolem roku 1990. construction projects to a universal and highly professional con-
Mimorddny je podil Ing. Hesse na preméné firmy puvodné struction company is extraordinary.
zaméfené dosti vyluéné na podzemni stavby na vSestrannou Ing. Hess resigned from the position of the chief executive officer
a vysoce profesiondlni stavebni spolecnost. at his own request in October 2010. Nevertheless, he continued to be
Z pozice generdlniho feditele Ing. Hess na vlastni zadost active in many functions, including the function of the chairman of
odstoupil v f{jnu 2010, ve spole¢nosti viak dale pusobil v fadé the Board of Directors and the chairman of the Supervisory Board;
funkci véetné funkce predsedy predstavenstva a predsedy he is a member of the Management Board of DDM Group.
dozor¢i rady. V souasnosti pusobi ve spole¢nosti ve funkci Ing. Hess left a similarly pronounced trail even in the ITA-AITES
predsedy dozor¢i rady a ve skupiné DDM Group je ¢lenem Czech Tunnelling Association and also in the ITA-AITES associati-
spravni rady. on. He was a founding member of the ITA-AITES Czechoslovak
Podobné vyraznou stopu zanechal Ing. Hess i v Ceské tune- Tunnelling Committee of that time (1982) and became the first and

larské asociaci ITA-AITES a také ve svétové ITA-AITES. Byl long-standing chairman of the organisation. He actively worked in
zaklddajicim &lenem tehdy Ceskoslovenského tunelafského an ITA Working Group (WG), was elected to the ITA Executive,
komitétu ITA-AITES (rok 1982) a stal se jeho prvnim where he became a vice-president in 1998. He also takes credit for
a dlouholetym predsedou. Aktivné pracoval v pracovni skupiné spreading the good name of the Czech underground construction
ITA (WG), byl zvolen do exekutivy ITA, kde se stal v roce 1998 industry abroad. In addition, he took advantage of his influence for
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viceprezidentem. Zaslouzil se o Sifeni dobrého jména Ceského
podzemniho stavitelstvi v zahrani¢i a svij vliv vyuzil také pro
ziskani poradatelstvi dspé$ného sveétového tuneldrského kon-
gresu WTC 2007 v Praze.

Ing. Hess ukon¢il svou ¢innost ve funkci predsedy CzTA ITA-
AITES na zdkladé svého vlastniho rozhodnuti k 31. prosinci
2003. Asociace jeho zésluhy ocenila v roce 2004 ud€lenim Cest-
ného Clenstvi a pozdéji i predanim pameétni medaile.

Jesté je vhodné dodat, Ze Ing. Hess zastdval i radu dalSich
vyznamnych funkci. Byl mj. mistopfedsedou Hospodarské
komory hl. m. Prahy, ¢lenem védecké rady Stavebni fakulty
CVUT a ¢&lenem Spravni rady CVUT a védecké rady
Podnikohospodéiské fakulty VSE v Praze.

Jménem predsednictva Ceské tuneldrské asociace ITA-AITES
i za kolegy z Metrostavu preji Ing. Hessovi dobré zdravi, nepo-
levujici aktivitu a stdle dobré rodinné zazemdi.

Ing. IVAN HRDINA,
predseda CzTA ITA-AITES, z. s.
vyrobné-technicky reditel Metrostay a.s.

TuHel

winning the organisation of the successful World Tunnel Congress,
the WTC 2007 in Prague.

Ing. Hess terminated his work in the position of the chairman of
the ITA-AITES CzTA on the basis of his own decision on the 31st
December 2003. The association appreciated his credit in 2004 by
granting him an honorary membership an, later, by passing a com-
memorative medal to him.

It is in addition appropriate to add that Ing. Hess held even many
important positions. He was, among others, a vice-chairman of the
Commercial Chamber of the City of Prague, a member of the of the
Management Board of the Faculty of Civil Engineering of the Czech
Technical University and a member of the Scientific Council of the
Faculty of Business Administration of the University of Economics
in Prague.

I wish Ing. Hess, on behalf of the executive board of the ITA-
AITES Czech Tunnelling Association and on behalf of colleagues
from Metrostav, great health, unflagging activity and a permanently
good family background.

Ing. IVAN HRDINA,
Chairman of the ITA-AITES CzTA,
vyrobné-technicky reditel Metrostav a.s.

K PETASEDMDESATINAM ING. MILOSLAVA NOVOTNEHO
ING. MILOSLAV NOVOTNY CELEBRATES THE SEVENTY FIFTH BIRTHDAY

Cas netiprosné béZi a tak se
mezi vyznamné a nam blizké
letosni pétasedmdesatniky zara-
dil i Ing. Miloslav Novotny,
ktery byl od 1. 1.2005 do 31. 12.
2013 generédlnim sekretdfem nasi
asociace. Jeho profesni ZzZivot
i pusobeni v asociaci jsem
podrobné pripomnél pred péti
lety v Cisle cCasopisu Tunel
2/2010, kdy pritel Mila dovrsil
prvni sedmdesdtku svého Zivota.
Téch pét let od té doby uteklo az
prili§ rychle, mnoho véci se zménilo, cenné pratelstvi nikoliv.

Dovolim si pfipomenout neékterd vyznamnd data a udaje
z jubilantova Zivota. Ing. Novotny se narodil 5. 6. 1940
v Praze. V prosinci roku 1962 ukonéil studia vodohospoddr-
ského sméru na Fakulté inZenyrského stavitelstvi CVUT, jiz
tehdy se zfejmym zaujetim pro nove se rodici obor geotech-
nika.

V lednu 1964 nastoupil na stavebni spravu 05 ndrodniho
podniku Vodni stavby, kde pozdéji po radu let zastdval funk-
ci technického naméstka. Zodpovidal za pripravu mnoha
naroénych staveb — lze jmenovat napr. rozvody vody ze
Zelivky, Vodni dilo Kofensko, novou &ast precerpavaci vodni
elektrarny Stéchovice, depo metra v Hostivafi. Tato slozka
Vodnich staveb méla ve svém programu také vystavbu raze-
nych kanalizagnich sbérad v celych Cechéch. Jen z Prahy
pripomindm naSe UspéSné spole¢né pusobeni na stoce F
v prazské Troji, ¢i na stoce P na Jihozdpadnim Méste.

Protoze Vodni stavby spély nezadrZitelné k zaniku, nastou-
pil Ing. Novotny pocitkem roku 2000 do technického tseku
divize 5 Metrostavu a.s. Zde se podilel napf. na pfipravé tune-
Iu Panenskd na dalnici D8 nebo tunelt pod Vitkovem, které
jsou soucdsti Nového spojeni prazského Zelezni¢niho uzlu.

Dlouholety zdjem o podzemni stavby ho pfivedl kolem roku
1980 do nové ustavené Ceskoslovenské tuneldiské asociace

Time is unstoppably running and this is why Ing. Miloslav
Novotny, who was in the position of the general secretary of our
association from 01/01/2005 to 31/12/2013, ranked himself among
the important and beloved persons going to celebrate the seventy
fifth birthday this year. I commemorated his career and work for the
association five years ago in Tunel journal issue No. 2/2010, when
my friend Mila accomplished the first seventy-year period of his
life. The five years which have passed since that time flew by much
too quickly. Many things have changed, with the exception of our
precious friendship.

Let me remind you of some important dates and data from the jubi-
larian’s life. Ing. Novotny was born in Prague on 05/06/1940. In De-
cember 1962 he graduated from the Czech Technical University in
Prague with a degree in civil engineering from the Department of
Irigation, Drainage and Landscape Engineering. His interest in the
newly originating branch of geotechnics was obvious already at that
time.

In January 1964, he entered the civil engineering department 05 of
the national enterprise of Vodni Stavby (water resources projects),
where he held the position of the chief technology officer for many
years. He was responsible for the planning for many complicated
construction projects - I can name the water distribution tunnel from
the Zelivka waterworks, the Kofensko waterworks, the new Stécho-
vice pumped storage scheme or the Prague metro depot in Hostivar.
This plant of Vodni stavby had, among others, the development of
mined sewerage interceptor tunnels in entire Czechia in its program-
me. If I mention only the projects realised in Prague, I will remem-
ber our successful collaboration on the Sewer F in the Prague district
of Troja or on the Sewer P in the South-Western Satellite Town.

Because Vodni Stavby, joint stock company, was unstoppably
heading for the end, he entered, at the beginning of 2000, the tech-
nical department of Division 5 of Metrostav a.s. He participated in
the planning for the Panenskd tunnels on the D8 motorway or for the
New Rail Link project (the Prague railway junction) a part of which
were railway tunnels under Vitkov Hill in Prague.

Around 1980, the long-lasting interest in underground structures
brought him to the newly established ITA-AITES Czechoslovak
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ITA-AITES. V dalsich letech se podilel se na vSech nejvy-
znamnéjSich aktivitdch asociace — Cinnosti v pripravnych
vyborech konferenci i praci v redakéni radé Casopisu Tunel.
K 1. 1. 2005 byl jmenovéan do funkce generdlniho sekretdre
CzTA ITA-AITES a stal se vedoucim redaktorem naSeho
Casopisu.

Jeho nésledujici osmileté pusobeni na téchto dvou vyznam-
nych postech bylo mimoradné dspésné a Mila Novotny si zis-
kal zaslouZzené a vSeobecné uznéni celé tuneldrské komunity.
Udéleni pamétni medaile CzTA bylo symbolickym ocenénim
jeho obétavé, tmelici prace pro asociaci a jeho zdsluh
o povzneseni Casopisu Tunel na kvalitativné vyssi droven
recenzovaného casopisu. Funkce skoncily, neskoncil vSak
jubilantuv zdjem o podporu naSich aktivit — opét se ulastni
prace v pripravném vyboru konference PS Praha 2016 a podil{
se soustavné na ¢innosti redakéni rady Casopisu Tunel.

Jménem vSech ¢lenu CzTA, redakéni rady Tunelu, pritel
a kamaradu, které v na3i branZi naSel diky svym lidskym
i odbornym kvalitdim, si dovoluji poprat Ing. Novotnému do
dal8ich let predevs§im stédlé zdravi a Zivotni pohodu. Jeho chut
nestdt stranou je obdivuhodnd, vSichni si ji vdZime
a dékujeme za ni.

prof. Ing. JIRI BARTAK, DrSc.
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Tunnelling Association. During the subsequent years he participa-
ted in all of the most important activities of the association — wor-
king in steering committees of conferences and in the Editorial
Board of Tunel journal. As of 01/01/2005, he was appointed to the
position of the general secretary of the ITA-AITES CzTA and beca-
me the chief editor of our journal.

The subsequent eight-year activities in these two important posi-
tions were very successful. Mila Novotny gained the deserved and
general recognition of the entire tunnel construction community.
The award of the CzZTA commemorative medal was a symbolic app-
reciation of his devoted and binding work for the association and his
merit for uplifting Tunel journal to a qualitatively higher level of
a peer-reviewed journal. His functions have ended, but the jubilari-
an’s interest in supporting our activities have not. He again partici-
pates in the work in the steering committee of the conference
Underground Construction Prague 2016 and systematically works
for the Editorial Board of Tunel journal.

I would like to wish Ing. Novotny, on behalf of all CZTA members,
the Editorial Board of Tunel and all friends and mates he found in our
line of work owing to his human and professional qualities, to enjoy
good health and well-being in the years to come. His inclination not to
stand aside is admirable. All of us appreciate it and thank him for it.

prof. Ing. JIRI BARTAK, DrSc.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

MESTSKE TUNELY
URBAN TUNNELS

The term “urban tunnels” is usually used for tunnels constructed
in urban areas, today first of all for motor vehicular traffic. They
experienced expansion roughly from the end of the 19th and the
beginning of the 20th century. Their numbers substantially grows
with the development of motoring. In the beginning, when the traf-
fic volume was not great, they had combined functions — they were
passed through by carriages, trucks, cars, streetcars and pedestrians.
Motor vehicles dominate with the growing quantity of automobiles
and the other types of tractions go to ruin — pedestrians were sepa-
rated last. We will use the following exhibits of historic picture for
giving readers an idea of several “urban” tunnels relatively well
known, but also completely unknown.

WUAE Alagat Mudan, — De

g, Audapest, gL peil. 6.

Obr. 1 Budapest, tunel pod Budou ) .
19. Ganz Antal. Budapest. Kolorované fotografie. 1902. [sbirka autoru]

Fig. I Budapest, tunnel under the Obuda district

19. Ganz Antal. Budapest. Coloured picture. 1902. [authors® collection]

uvoD

Za ,mestské“ byvaji obvykle oznafovany tunely zfizované
v intravildnu, dnes predev§im pro provoz motorovych vozidel.
Roz§ifeni zaznamenaly zhruba od konce 19., resp. pocatku 20.
stoleti. Jejich polet zdsadné vzrlstd s rozvojem automobilismu.
V pocitcich, kdy se nejednalo o vysokou dopravni zatéz, mivaly
prirozené sdruZenou funkci — projizdély jimi povozy, automobily,
méstskd drdha, prochdzeli pési. Se vzristajicim mnoZstvim auto-
mobild posléze motorovéd vozidla dominuji a ostatni typy trakef
berou za své — jako posledni byli vydéleni chodci. Nésledujicimi

ukdzkami historickych pohlednic pfibliZzime nekolik u nds pomer-
né znamych, ale i zcela nezndmych ,,méstskych* tunelu.

BUDAPEST - TUNEL POD BUDINSKYM HRADEM

Madarsky Budai Véralagiit, &i jen Alagiit (tunel). Jeho vychod-
ni novoklasicistni portdl (obr. 1) je ¢astym ndmétem pohlednic
z Budapesti. Byl postaven anglickym inZzenyrem Adamem
1856). Puvodné byl uren, se dvéma jizdnimi pruhy a pfilehlymi
chodniky, pro konské povozy a chodce. Vylohy na stavbu &inily
524 000 forintu. Tunel svétlé $itky 9,5 m a vysky 10,6 m je 350 m
dlouhy. Zéapadni portdl byl znien koncem 2. svétové vialky
a posléze obnoven. V roce 1973 bylo osténi sanovédno vrstvou
9 c¢m stifkaného betonu na ocelovou sit'a zruSen jeden z chodniku.
Vzhledem k sou¢asnému vysokému zatiZeni automobilovou dopra-
vou vznikaji znaéné potiZe s vétranim tunelu. [1, 2, upraveno]

TUNEL CAP ROUX

Velmi kratky tunel na ,,Narodni silnici“ N98 spojujici Nice
a Monako (obr. 2). M4, pri dvou jizdnich pruzich, délku pouze
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1040 ROUTE DE NICE
_ A MONACO
Le Tunnel du Cap Roux. RM

Obr. 2 Silnice z Nice do Monaka, tunel Cap Roux
Edit d"Art Rostan & Munier, 19. R. Marceau, Nice. Okolo 1920(?). [sbirka
autoru]

Pohled do tunelu z vychodu. Tunelem byla dlouhou dobu vedena tramvaj.
Ta byla zruSena v druhé poloviné 19. stol.

Fig. 2 The road from Nice to Monaco, Cap Roux Tunnel

Edit d”Art Rostan & Munier, 19. R. Marceau, Nice. Around 1920(?). [authors®
collection]

A view from the east down the tunnel. A tram track led through the tunnel for
a long time. It was removed in the second half of the 19" century.

x Y

22 m. Svetlou $itku tunelu 7,50 m doplnuje jeden dzky chodnik
pro pesi (podle skenovani z roku 2005 je vnitini vyska aZ max.
15,60 m a max. $ifka cca 9,4 m). Stari tunelu nelze z pfistupnych
dokumentu [3] zjistit, nicméné lze predpokladat, Ze bude znalné.
V roce 2005 byl tunel, puvodné neobezdény, opatfen vrstvou stri-
kaného dratkobetonu tl. 0,1 m.

Tunel nese stejné jméno jako jeho mladsi a vyrazné del3i (419 m)
sourozenec — dvoukolejny Zelezni¢ni tunel prekondvajici skalni
masiv mysu Roux v jeho bezprostredni blizkosti.

JOKOHAMA - TRAMVAJOVY TUNEL

Dalsi ndzvy tohoto tunelu jsou (patrn€) Yamate nebo Sakuramichi.
Tunel byl otevien v roce 1911 (éra Showa) jako tramvajovy (obr. 3)
pro spojeni ¢tvrti Ishikawa a Mugita. Provoz tramvaji pokracoval
s prestdvkou zpusobenou katastrofdlnim zemétresenim v roce 1928.
Po zemétreseni byl tunel, pavodné kratsi, prestavén na dnes$ni délku
268 m se zvétSenim prujezdného profilu. V roce 1970 byl provoz
tramvaji ukoncen a od té doby je pouzivdn automobily.

TERST — TUNEL SCIPIONA DE SANDRINELLIHO

Italsky ,,Galleria Sandrinelli* nebo také (podle ndzvu pahorku,
ktery prekonévd) ,,Galeria Montuzza“ (obr. 4, 5). Méstsky tunel

MFr bICRE O R

Elgetrio Car Tonoe), Yekohama

Obr. 3 Tunel elektrické drihy, Jokohama

Kolorovand fotografie. Okolo 1911(?). [sbirka autort]
Fig. 3 Electric Car Tunnel, Yokohama

Coloured picture. Around 1911(?). [authors® collection]

Obr. 4 Terst, namesti Goldoni a tunel

Nr. 832 Stabilimento editore Milan Mandlich, Trieste. Kolorovana fotografie,
okolo 1910. [sbirka autort]

Pozoruhodny, mimorddné strukturovany, jizni portdl tunelu. V pozadi se nachd-
zi pahorek Montuzza s rozlehlym parkem.

Fig. 4 The City of Trieste, Goldoni Square and a tunnel

Nr. 832 Stabilimento editore Milan Mandlich, Trieste. Coloured picture,
around 1910. [authors® collection]

A noticeable, exceptionally structured southern portal of the tunnel. Montuzza
Hill with a large park can be seen in the background.

Trigste. Tunnel di Monfuzza.

Obr. 5 Terst, tunel Montuzza

Stabilimento editore Milan Mandlich, Trieste. Kolorovana fotografie, okolo
1910. [sbirka autort]

Severnt portdl tunelu.

Fig. 5 The City of Trieste, Mantuzza tunnel

Stabilimento editore Milan Mandlich, Trieste. Coloured picture, around 1910.
[authors® collection]

Northern tunnel portal.




SELBY HI[.IIXTCNNF.L_ ST. PAUL, Milsly

Obr. 6 10283 Selby Hill tunel, St. Paul, Minnesota ) ]
Made in Germany. A. G. Bosselman & Co., New York. Kolorovand fotografie,

1911. [sbirka autort] »
Zdpadni portdl tunelu. Piivodni Zelezny plot z roku 1907 lemujici po obou stra-

ndch tramvajové téleso je dodnes Cdstecné zachovan.
Fig. 6 Selby Hill Tunnel, St. Paul, Minnesota A
Made in Germany. A. G. Bosselman & Co., New York. Coloured picture, 1911.

[authors’ collection] .
Western tunnel portal. Original steel fence from 1 907 bordering the tram track

along both sides has been partially preserved till now.

v Terstu spojuje Via Silvio Pellico a Piazza del Sansovino (drive
Goldoni). Jeho vystavba probihala mezi lety 1905 az 1907 a je
dlouhy 347 m. Béhem 2. svétové valky slouzil jako protiletecky
kryt. Tramvajova doprava byla tunelem vedena do roku 1970,
provoz trolejbust byl ukonéen roku 1975. [4, 5, upraveno]

ST. PAUL - TUNEL SELBY HILL

Tramvajovy dvoukolejny tunel v St. Paul (obr. 6), tvoficim
s Minneapolis dvojmésti na fece Mississippi. Byl postaven

== Nrwers-Turinel_polir autos.
= Anrweipen aiinnel yoor-autos .

Obr. 8 Antverpy — tunel pro automobily

Edition R. Van Loo. Anvers. 159. 1944. [sbirka autoru]

Sdélent na rubu pohlednice je datovdno 4.9.1944. Implicité je z néj citit tézkd
vdlecnd doba; v zdvéru je pak nardzka na bombardovant. Tunel, navrieny na
priijezd 1000 vozidel/hod/smer je na pohlednici, aZ na jeden projizdéjici auto-
mobil a postdvajictho policistu, prdzdny. I to vimluvné dokumentuje obdobt
zdvéru 2. svétové vdlky, s nouzi o pohonné hmoty a potaimo i o automobily.
Fig. 8 Antwerp — vehicular tunnel

Edition R. Van Loo. Anvers. 159. 1944. [authors’ collection]

The note on the reverse side of the picture card is dated 04/09/ 1944. The diffi-
cult wartime can be implicitly felt from it. In the conclusion there is an indica-
tion of bombing. The tunnel designed for the passage of 1000 vehic-
les/hour/direction in the picture is empty, with the exception of one vehicle and
a policeman hanging around. This is one of the telling documents of the period
of the end of World War 2 characterised by the lack of fuels and even automo-
biles.
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ENYRANCE TO LIBERTY TUNNELS SHOWING TRAFFIC CIRCLE, PITTSBURGH, PA.

O.br. 7 Vstup do Liberty tunelii s kruhovym objezdem, Pittsburgh, Pennsylva-
nia, Pittsburgh podporuje pokrok

The Union News co. Kolorovan4 fotografie, 1936. [sbirka autor(]

Severni tunelové portdly.

F zg 7 Entrance to the Liberty tunnels with a traffic circle, Pittsburgh, PA.,
Pittsburgh promotes progress

The Union News co. Coloured picture, 1936. [authors* collection]
Northern tunnel portals.

v letech 1906 az 1907 pro prekonani vyrazného pahorku Selby
Hill s katedrdlou sv. Pavla. Tunel mel délku cca 460 m.

Provoz tramvaje ustal po¢atkem roku 1950 (19537?) a v roce
1959 byl tunel stavebné uzavien. Nicméné az do roku 1980
zustdval do jisté miry pristupny a stal se tak Gto¢istém bezdo-
movcu. [6, 7, upraveno]

PITTSBURGH - TUNELY LIBERTY

»Tunely svobody* se nachdzeji v Pittsburghu. Jde o dvojici
tuneld (obr. 7) spojujici predmésti South Hills s centrem mésta
pres pahorek Mt. Washington. Jejich délka ¢ini 1795 m, svétla
vySka 4,42 m (rozméry vyrubu dosahovaly: §. 8,7 m a v. 6,32 m).
Kazda z tunelovych trub je vybavena dvéma jizdnimi pruhy.
Stavba byla zahdjena 11. 5. 1922 a dokoncena v lednu 1924.
Naklady ¢inily 6 mil. US $ (dnesni ekvivalent 82,6 mil. $).
Tunel byl pro automobilovy provoz otevien bez funkéniho vét-
rani. To vedlo ke znaénym komplikacim, které byly feSeny
regulaci poltu projizdéjicich vozidel. AZ v roce 1928 byly
dokon&eny ¢Etyfi 60m vétraci Sachty, vybavené vyduchovymi
kominy vysokymi 34 m.

V dobe¢ dokonceni se jednalo o nejdels{ tunel pro automobily
na svét€. V roce 1932 byl zakdzén vjezd konskych povozu,
v roce 1941 byl poprvé na sveté zajistén v tunelu piijem roz-
hlasu AM, od roku 1987 je zaru¢en mobilni telefonni signal.
V roce 1975 byla provedena rozs4hld oprava obezdivky s jejim
roz8ifenim o jednu stopu. [8, upraveno]

ANTVERPY — WAASLAND TUNEL

Waasland automobilovy tunel v Antverpich pod fekou Sel-
dou lze také zaradit mezi ty, které jsou vedeny pod vodou (viz
predchozi &islo Easopisu Tunel). Mistnim obyvatelum je zndmy
rovnéz jako ,,Maly tunel* nebo lakonicky ,,Krali¢i dira“.

Stavba byla zahdjena 1. 3. 1931 a slavnostné otevfena, za
ucasti krale Alberta I., 10. 9. 1933. Tunel se nachazi cca 27 m
pod hladinou feky. Jeho celkovd délka se uvadi 2110,85 m, od
portdlu k portdlu 1768,85 m, vnéjsi @ 9,40 m, vnitini Sitka
8,70 m a $iika dvou pruha vozovky 6,75 m s tizkym chodnikem
po strané (obr. 8). Stavebni metodou bylo §titovani otevienym
Stitem s vyztuZi litinovymi tubingy. Ndklady na stavbu Cinily
240 mil. BEF.
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V roce 1944 byly ustupujici némeckou armadou zni¢eny oba
portdly a tunel byl zaplaven vodou. To si v ndsledujicich miro-
vych letech vynutilo rozsahlou opravu.

Jednd se o nejstari tunel pod Seldou a druhy nejdelsi
v Belgii. [9, upraveno]

N. Y. = LINCOLNUV TUNEL

Lincolnuv tunel (obr. 9) je rovnéz, stejné jako predesld stav-
ba, veden pod vodou (viz predchozi &islo asopisu Tunel). Pre-
kondvé feku Hudson mezi N. Y. a New Jersey. Stavba byla za-
hdjena bezprostfedné po dokonéeni Hollandova tunelu. Nesl
puavodné ndzev Midtown Hudson Tunnel (¢i Vehicular Tunnel),
az pozdéji byl pripsan velkému prezidentovi.

Vystavba byla provddéna nasazenim pneumatického Stitu,
misty i nasazenim trhavin, s obezdivkou z ocelolitinovych
tubingt. Puvodni ndvrh predpoklddal jen dvé trouby. Prvni
z nich (dl. 2504 m, dne$ni stfedni) byla uvedena do provozu
22. 12. 1937. Jeji stavba byla financovdna programem New
Deal, s ndklady 85 mil. US $ (dneSni ekvivalent 1,5 mld. $).
Préace na druhé troubé (dl. 2281 m, dnes severni) byla v roce
1938 zastavena a pokracovala az roku 1941. Dokonceni bylo
vzhledem k vélenému nedostatku opozdéno o dva roky,
s otevfenim 1. 2. 1945. Vyrazné zvySeni mnoZzstvi projizdéji-
cich automobilt vedlo posléze k vystavbé tieti trouby (dl. 2440
m, dnes jizni). Ta byla uvedena do provozu 25. 5. 1957.

Svétld §itka tunelu ¢ini 6,55 m a vyska 3,96 m. Vnéj3i @
razby byl 9,45 m a max. hloubka nivelety vozovky pod stredni
hladinou vody v fece se uvadi 29,57 m.

V roce 2013 projelo tunelem celkem 18 745 951 vozidel.
V dobé otevieni prvniho tunelu bylo mytné 0,50 US $ (dne$ni
ekvivalent 8,2 $), v prosinci roku 2014 ¢inilo jiz 14 US $.
[10, upraveno]

ZAVER

Tentokrdt je prispévek vénovan pohlednicim s ,,méstskymi*
tunely. Opét se jedna o zajimavy segment tunelového stavitel-
stvi, se kterym se i v CR, zvlasté ve velkych méstech (Praha,
Brno...), setkdvdme &im ddl Castéji. Z uvedenych tunelu se jevi
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ho tritroubového automobilového tunelu

Copyright 1962 — the Scheller Co., Hackettstown, N.J. - 425.1670. 1962. [sbir-
ka autorti]

Pohled na komplex zdpadniho tunelového pFistupu.

Fig. 9 Lincoln Tunnel Entrance. New Jersey’s entrance to the world’s only
triple-tube vehicular tunnel.

Copyright 1962 — the Scheller Co., Hackettstown, N.J. - 425.1670. 1962. [aut-
hors* collection]

Aview of the complex of the western tunnel access.
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ZPRAVODAJSTVI CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORT

wwWw.ita-aites.cz

KONFERENCE PODZEMNI STAVBY PRAHA 2016

www.sta-ita-aites.sk

CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2016

I nadéle probihala intenzivni priprava 13. ro¢niku mezina-
rodni konference Podzemni stavby Praha 2016. Na jednani
pripravného vyboru a védecké rady byla odsouhlasena vyse
vlozného a sponzorskych poplatka (ve zustiva totoZné jako
v roce 2013) a rozdéleni konference do jednotlivych sekci
(celkem 8). Na zdkladé predchozich jedndni byla ziskana pod-
pora Mezindrodni spolecnosti pro mechaniku zemin
a geotechnické inzenyrstvi (ISSMGE) a Rakouské spolecnosti
pro Geomechaniku (OeGG). Bylo pripraveno 1. ozndmeni,
které bylo spole¢né s Zzddosti o prihldseni abstraktu zasldno
vSem tlastnikum predchozich dvou ro¢niku konference, WTC
2007 a jednotlivym ndrodnim organizacim ITA-AITES.
Abstrakty je mozné prihlésit do 30. 9. 2015 prostrednictvim
webovych stranek konference www.pspraha.cz, kde naleznete
i vSechny dalsi informace o konferenci.

Peclivou pripravou se snazime o to, aby i nadchazejici ro¢-
nik konference byl stejné€ tispésny jako ty predchdzejici. Z rad
Clent CzTA réadi uvitdme veSkeré podnéty, které prispéji ke
zlepSenti jeji technické i spoleenské trovné.

Ing. ALEXANDR BUTOVIC, Ph.D.,
alexandr.butovic @satra.cz

predseda pripravného vyboru
konference PS Praha 2016

The intense preparation of the 13th international conference
Underground Construction Prague 2016 has continued. The
amounts of registration fees and sponsorship charges (everything
remains identical with the amounts applied in 2013) and the divi-
sion of the conference into individual sections (8 in total) were
agreed during the meeting of the Steering Committee. The support
of the International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE) and the Austrian Society for
Geomechanics (OeGG) was obtained on the basis of preceding
negotiations. The Announcement No. 1 was prepared and was sent
to all participants in the previous two conference events, the WTC
2007 and individual ITA-AITES national organisations, together
with a request for the registration of abstracts. Abstracts can be
registered by 30/09/2015 through conference web pages
www.ucprague.com, where you can find all other information on
the conference.

By meticulous preparation we strive for the oncoming confe-
rence event to be as successful as the previous conference events.
We will be grateful for all suggestions which will contribute to the
improvement of its technical and societal level.

Ing. ALEXANDR BUTOVIC, Ph.D.,
alexandr.butovic@satra.cz

Chairman of the UC Prague 2016
Conference Steering Committee

PRIPRAVA KONFERENCIE TUNELY A PODZEMNE STAVBY 2015, 11.-13.11.2015 ZILINA
PREPARATION OF THE CONFERENCE TUNNELS AND UNDERGROUND CONSTRUCTION 2015

11™ -13™ NOVEMBER 2015, ZILINA

Slovenskd tuneldrska asocidcia v spolupraci s Ceskou tune-
larskou asocidciou intenzivne pracuje na priprave konferencie
Tunely a podzemné stavby 2015, ktord sa bude konat
v ditoch 11.~13. novembra 2015 v Ziline.

V uplynulych mesiacoch bolo prihldsenych niekolko desia-
tok abstraktov budicich prezentacii, ktoré budud napiﬁat’ ciele
konferencie, a to najmé informovat §irokd odbornu verejnost’
o aktudlnom diani v oblasti pldnovania, realizovania a pre-
vadzkovania podzemnych stavieb. Na vSetkych siedmich
tuneloch v Zilinskom regidone v sicasnosti uZ prebiehaji razi-
ace price. Ucastnici konferencie budi mat tak moZnost
v ramci odbornych exkurzii porovnat rdzne pristupy k vy-
stavbe tunelov priamo pocas realizdcie.

VSetky potrebné informdcie o konferencii ndjdete na
www.tps2015.sk, kde ndjdete aj vSetky informdcie tykajice sa
spracovanie prispevkov a prezentdcif, k registracii ucastnikov
a moZznostiam exkurzii na aktudlne realizované tunelové
stavby.

TeSime sa na vaSu udcast na konferencii a na stretnutie
v Ziline.

Ing. MILOSLAV FRANKOVSKY,

predseda Slovenskej tuneldrskej asocidcie,
Ing. VIKTORIA CHOMOVA,

predsednicka pripravného vyboru konferencie

The Slovak Tunnelling Association in collaboration with the
Czech Tunnelling Association are intensely working on the pre-
paration of the conference Tunnels and Underground
Structures 2015, which will be held in Zilina from the 11th
through to 13th November 2015.

Several tens of abstracts of future presentations were registered
during the past months. They will meet the conference objectives,
first and foremost, to inform the wide professional public about
the current events in the area of planning, realisation and operati-
on of underground structures.

Tunnel driving operations are at present underway in all of the
seven tunnels. Conference participants will therefore have the
opportunity to compare various approaches to the construction of
tunnels directly during the course of the work, within the frame-
work of technical excursions.

All necessary information on the conference is available on
www.tps2015.sk, where you can also find all information concer-
ning the preparation of papers and presentations, the registration
of participants and options of excursions to tunnel constructions
currently underway. We are looking forward to your presence at
the conference and to meeting you in Zilina.

Ing. MILOSLAV FRANKOVSKY,

Chairman of the Slovak Tunnelling Association
Ing. VIKTORIA CHOMOVA,

Chairman of the conference Steering Committee
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ZEMNE STAVBY 2015
TUNNELS AND UNDERGROUND CONSTRUCTION 2015

Konferencia s medzinarodnou dcastou / Conference with International Attendance

11.-13. 11. 2015, hotel Holiday Inn, Zilina
www.tps2015.sk, tps2015@guarant.sk




Metrostav a prazska podzemni draha. Patfi k sobé jiz 44 let. Jejich symbidza pfinasi obyvateliim i navstévnikim
hlavniho mésta uZitek i esteticky zazitek. Dilkaz — nova ¢ast trasy A, oteviena 6. dubna 2015.

Metrostav and the Prague Metro. Together for 44 years. A symbiosis that provides the inhabitants of and visitors to the
Czech capital with both a useful service and an esthetic experience. Case in point — a new section of the A Line opened
on April 6, 2015.

1/ Stanice metra Petfiny ve vystavbé Petfiny Station during construction

2/ Tratovy tunel razeny strojem TBM Subway tunnel bored by a tunnel-boring machine
3/ Spoleéna prorazka $tith Adéla a Tonda Adéla and Tonda boring shields in joint action
4/ Dokoncena stanice Petriny Petriny Station after completion

Metrostav a.s. KoZeluiska 2450/4 Praha 8 meTBCC.STa “ www.metrostav.cz






